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UNIT 1:
NUMBERS, QUANTIFICATION AND NUMERICAL APPLICATIONS

GIST OF LESSONS

Modulo Arithmetic : Introduction to modulo operator, Modular addition and subtraction
Congruence Modulo : Solution using congruence of modulo
Alligation and Mixture : Meaning and application of rule of alligation, Mean price of a mixture

Boats and Streams : Problem based on speed of stream and speed of boat in still water
Pipes and Cisterns : Calculation of the portion of the tank filled or drained by the pipes in unit time
Races and Games : Calculation of the time taken/ distance covered speed of each player

Numerical Inequalities : Comparison between two statements/ situations which can be Compared
numerically, algebraic in equations

DEFINITION AND FORMULAE:
Modulo Arithmetic:
Euclid‘s Division Lemma:
For integers a, b (# 0), we have a = bq + r, where q, r€Zand 0 <r< |b|
Modulo Arithmetic is the arithmetic of remainders. a mod b =r
Where mod (modulo) gives the remainder after a is divided by b
Note: 1.amoda=0
2. If a<b, thenamod b =a
Properties
1. amod b = (a + kb) mod b; where k is any integer
2. (a + b) mod ¢ = (a mod ¢ + b mod ¢)
3.(a-b)mod c =(amod ¢ - bmod c)
4. (axb)mod ¢ =(amod ¢ x bmod c)
Congruence Modulo:
Two positive integers and b are said to be congruence modulo m if a and b satisfy the
Following conditions:
1) (a-b) is divisible by m
i1) amod m =b mod m
Notation used for congruence modulo is: = b (modm)
Property 5: Ifa = b (mod m) where a, b and m are positive integers then ak = bk (mod m) for any
positive integer k.

Allegation and Mixture:
Alligation means mixing two or more ingredients in some ratio.
Ratio (R) _ C.P.of Detarer (d)—mean price (m) _ d-m

mean price(m)—C .P of cheaper(c) m-—c

Repeated dilution:
Suppose a vessel contains ‘x’ units of a liquid from which y units are taken out and replaced by water.

Quantity of Liquid left after ‘n” number of repeated dilutions = x (1 - % )ik
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Where, x— Original amount, — taken out and n — Number of times

Boats and Streams:

Stream: Flowing water in a river or canal etc.

Still water: When water is stationary i.e. speed of water is zero.

Downstream: When boat rows in the direction of the stream.

Upstream: When boat rows opposite to the direction of the stream .

Let the speed of the boat in the still water be xkm/h and sped of the stream be ykm/h. Then
1. Downstream Speed (u) = (x +y ) km/h and Upstream Speed (v) = (x—y Ykm/h

2. Speed of Boat = uTw and Speed of Stream = ?

downstream speed X upstream speed _ (x+y)X (x-y)

Average speed =
ge sp speed in still water X

Pipes and Cisterns:

e Inlet pipe : A pipe connected to a tank or cistern which fills it is known as inlet pipe

e Outlet pipe or Leak: A pipe connected to the tank which drains or empties it is known as outlet
pipe.

e When a tank is connected to many pipes (inlets and outlets), then the difference between the sum
of the work done by inlets and the sum of the work done by outlets gives the filled part of the tank.

th
e Let a pipe fill a tank in x number of hours, and then it can fill i portion of the tank in one

hour.
th
e Ifa pipe can empty a tank in y number of hours, then it can empty out 3—1/ portion of the tank in

one hour.
e The portion of tank they can fill together in one hour = i

_1

. y

e Ifapipe fills ;th part of a tank in 1 hour, then the time taken by the pipe to fill the tank
completely is x hours

e Two pipes can fill a tank in x and y hours respectively. If both the pipes are opened

simultaneously, then time taken by both the pipes to fill the tank = i + % hours.

e [ftwo pipes A and B together can fill a tank in x hours and the pipe A alone can fill the tank in y

hours, then time taken by pipe B alone to fill the tank = % hours.
e [fapipe A can fill a tank in x hours and a pipe B can empty the full tank in y hours (where y > x),
then net part filled in 1 hour = yx—_yx

e [fapipe A can fill a tank in x hours and a pipe B can empty the full tank in y hours (where x >y ),

then net part emptied in 1 hour = %
e Three pipes A, B and C can fill a tank in x y, and z hours respectively. If all the three pipes are
opened simultaneously, then time taken by all the pipes to fill it is = xyfy% hours.

e [ftwo pipes are filing a tank at the rate of x hours and y hours respectively and a third pipe is

emptying it at the rate of z hours, then in one hour the part of the tank filled = i + i - i hours
xXyz

o Time taken to fill the tank is = ————
VZ+ZX—XYy

Races and Games:
e Race: It is a competition in which participants try to cover a fixed distance in the least possible
time.
|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 2




e Race course: A path on which a race takes place is called a race course e.g. Ground, road,
swimming pool etc.
e Starting point: A point from where the race starts.
e Finish point or Winning point or Goal: A point where race finishes is called finish point or
winning point or goal.
e Winner: A person who first reaches the finishes point is called winner.
Dead heat: If all the participants reach the finish point at the same instant of time, then this
situation is called dead heat
Suppose X and Y are participating in a race.
“X gives Y a start of x meters” means Y starts the race x meters ahead of X.
“X gives Y a start of t-minutes” means X will start t minutes after B starts the race.
“X beats Y by x meters” means when X reach the finishing point, Y is x meters behind X.
“X beats Y by t minutes” means Y finish t minutes after X.
“X beats Y by x meters and t minutes” means Y is x-meters behind X and finish race t- minutes
after X.
e A game of 100 means that the person among the participants who scores 100 points first is the
winner.
e “Xbeats Y by 25 points” or “X can give Y 25 points” means X scores 100 while Y scores only
75points (100-25).
Numerical Inequalities:
e Any two real number associated by, < or > forma numerical inequality.
e [fa,b are positive numbers and AM and GM are their arithmetic mean and geometric mean
respectively,

e then AM = —andGM \ab

a+b a+b- 2\/ab
Vab =

o AM-GM= =(Va—b)*2>0

e AM>GM

MULTIPLE CHOICE QUESTIONS

1. If 100 =x (mod 7) then the least positive value of x is
(@ 2 (b)3 (c) 6 (d) 4
Answer (a)

Solution: 100-x is divisible by 7

= Least positive value of x is 2.

2. 20 liters of a mixture contains milk and water in the ratio 3:1. The amount of milk , in liters to be added
to the mixture so as to have milk and water in the ratio 4:1 is
(a) 7 (b) 4 (c)5 (d)o6
Answer (c)

Solution: Total volume of the mixture = 20 liters
Ratio =3:1=3+1 =4
Quantity of water = i X 20 =5 litres

3. If a man rows 32km downstream and 14km upstream in 6 hours each, then the speed of the stream is
|
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(a) 2km/h (b) 1.5 km/h (c)2.5km/h (d) 2.25 km/h
Answer (b)

Solution: speed of downstream (x+y) = % = % (1)

Speed of upstream (x-y) = % = g 2)

(1)- (2), we get
y=3/2=1.5km

. Pipes A and B can fill a tank in 5 hours and 6 hours respectively. Pipe C can empty it in 12 hours. If all
the three pipes are opened together, then the time taken to fill the tank is

(a) 2 hours (b)2 % hours (c) 3 hours (d) 3-% hours
Answer (d)
Solution: Part of tank filled by pipes A, B and C = % + % - 11—2 = 2—;
(b) time taken to fill the tank is = % = 3—% hours
. In what ratio must rice at Rs 69 per kg be mixed with rice at Rs 100 per kg so that the mixture is worth

Rest 80 per kg?
(a) 11:20 (b) 11: 10 (c) 20:11 (d) 10:11
Answer (c)
Solution: Rice at 69: rice at 100 = 100—80:80—69 = 20:11

6. The last (unit) digit of (22)'? is
(@ 2 (b) 4 (c)6 (d) 8
Answer (c)
Solution: we find (22)'? (mod 10)

22=2 (mod 10)

224 = 2% (mod 10), 22* = 16 (mod 10)
22% = 6 (mod 10), (22%)* = 6° (mod 10)
(22)!'? = 6 (mod 10), last digit of 22'% is 6.

7. The least non-negative remainder when 3°° is divided by 7 is
(@) 4 (b)3 (c)2 (d) 1

Answer (c)

Solution: 3= 3 (mod 7)
32 =2 (mod 7)

3% =2% (mod 7)

3*=2 (mod 7)
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(3%° = 2% (mod 7)
324 = 1(mod 7)
(3272 = 1 (mod 7)
3432 = 9 (mod 7)
3% = 2 (mod 7)
When 3% are divided by 7 remainder is 2.
8. The value of -70 mod 13 is
@ 5 (b) -5 )8 (d) -8

Answer (c)
Solution: -70 =8 (mod 13) ~ 0 <r < |b|
-70 mod 13 =8

9. The number at unit place of number 172 is

(@ 1 (b)3 (c)7 (d)9
Answer (b)

Solution: we find 17'% (mod 10)

17= 7 (mod 10)

172 = 7% (mod 10), 17> = 9 (mod 10)

(172)* = 9% (mod 10), (17%) = 1 (mod 10)

(17%*° =1 (mod 10)

(17)'2° 172 = 289 (mod10)

(17)!22 = 9 (mod 10)

(17)'?2=9x 17 (mod 10), 17123 =153 (mod 10), 17'?* = 3 (mod 10)

10. In a 100m race, A can give B a start of 10m and c a start of 28m. How much start can B give to C in the
same race?

(a) 18m (b) 20m (c)27m (d) 9m
Answer (b)

Solution: when A runs 100m, B runs (100-10) = 90m
When A runs 100m, C runs (100-28) =72 m
When B runs 90m, C runs = 72m

When B runs 100m, C runs == X 100 =80m
Thus B give a start of C by (100- 80) =20 m

________________________________________________________________________________________________|
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11. A milkman mixed some water with milk to gain 25% by selling the mixture at the cost price .The ratio of
water and milk respectively, is
(a) 5:4 (b) 4:5 (c) 1:5 (d) 1:4
Answer (d)
Solution: C.P. of milk = S.P. of mixture = Rs x

C.P. of mixture = S.P (100/125) = Z x, C.P.of water = Rs 0

Water: Milk = (x-ix): Ix=1x:ix =14
575 575

12. A motor boat can travel in still water at the speed of 15 km/h, while the speed of the current is 3 km/h.
Time taken by boat to go 36 km upstream is
(a) 2h (b) 3h (c)12h (d) 18h
An (b)
Solution: speed of upstream = (15-3) =12km/h
. Time taken by boat = % =3 hours

13. In a game of 600 points, A scores points 407 points while B scores 307 points. In this game, the point
given by A to B is
(a) 105 (b) 200 (c) 100 (d) 150
Answer (c)
Solution:
(Total score points = 600
A score’s =407
B score’s =307
~ A give (407 — 307) = 100 points to B.
14. The solution set of the in equation | x+2 | <5 is
(@  (-7.5) (b) [-7.3] (c)[-5,5] (d) (-7.3)
Answer (b)
Solution: -5 <x+2 <5
-71<x<3 ,x€)[-7,3]
15. If x >y and z<0, then

X X
@ x>z b)y=zz (c)>>2 d)=<Z
Answer (d)
Solution: it is given that x >y, z <0
o XY
Z Z
16. If li:il >0, x €R, then
(a) X € [-10) (b) x€ (-1,0) (c)x€E(-w,-1) (d) XE€ (o, -1]
Answer (b)
Solution: |x+1[=0,x+1£0
= X €(-1, o)
17. (62 +53) mod 7 is equal to
()3 (b)5 (c)7 (d)9
Answer (a)

Solution: 62 = 6 (mod 7)

53 =4 (mod 7), 62+53 = (6+4) (mod 7)
62+53 = 10 (mod 7) , 62+53 = 3 (mod 7)
So, (62 + 53) mod7 =3
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18. The system of linear in equations 2x-1>3 and x-3 >5 has solution

(@ (2.,0) (b) (2,8) (c) (80 ) (d) (- ©.8)

Answer (c)
Solution: 2x> 4, x> 2
X>8 = x €(8, o)
19. In a 700m race, Amity reaches the finish point in 20 seconds and Rahul reaches in 25 seconds. Amity
beats Rahul by a distance of
(a) 120m (b) 150 m (c) 140m (d) 100m
Answer (c)
Solution: Speed of Rahul =% =28 m/s

Distance covered by Rahul in (25-20) =5 seconds = 28 X5 =140m
Amity beats Rahul by 140m

20. Two pipes A and B together can fill a tank in 40 minutes. Pipes a twice as fast as pipe B. A alone can fill
the tank in

(a) 1 hour (b) 2 hours (c ) 80 minutes (d) 20 minutes
Answer (a)

Solution: B alone fill tank in x minutes.

A can alone fill tank 120/2 =60 minutes =1 hour.
ASSERTION -REASON TYPE QUESTIONS

Directions In the question number 1 and 10, a statement of Assertion (A) is followed by a statement of
Reason (R). Choose the correct option.

(a) Both A and R are true and R is the correct explanation of A

(b) Both A and R are true but R is not the correct explanation of A

(c) A is true but R is false

(d) A jess false but R is true

1. Assertion (A): -62 mod 12 = -2
Reason (R): amod b = r, where r is remainder when a is divided by b, 0 <r <|b|.
Answer: d
Solution: -62 (mod12) =10 , Assertion is false and Reason is true.

2. Assertion (A): If 60 = 4 (mod m), then possible values of m are 2,4,7,8,14,28,56.
Reason (R): If a = b (mod n), then a-b is an integral multiple of n, where n€l, n >1.

Answer ¢
Solution: 60 = 4 (mod m), 60-4 is divisible by m; m is a divisor of 56. m=2, 4, 7, 8,14,28,56
Reason is false. (Because If a =b (mod n), then a-b is an integral multiple of n, where nel, n >1.

3. Assertion (A): Last two digits of the product 482 X 307 are 74.
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Reason (R): If a = b (mod n) and ¢ = d (mod n) then ac =bd (mod n).
Answer: a
Solution: 482 X307 = 82X 7 (mod 100) = 574 (mod 100) = 74 (mod100)

4. Assertion (A): Two different qualities of rice costing Rs 100 per kg and Rs 120 per kg are mixed in the
ratio 2:3. The price of mixed quality is Rs 112 per kg.
Reason (R): Mean price: Wipi + Wap2/ Wi +w2

Answer: a
Solution: cost of Rs 100 per kg price = Rs 200x
Cost of Rs 120 per kg price = Rs 360x

Total quantity = 5x

Price per kg of mixed rice = 5:% =Rs 112

2X100+3X%X120
243

Mean price = =Rs 112
5. Assertion (A): If x — 5| <2 x € R, then x € [3, 7].
Reason (R): [x|<a,iff —ra<x<a

Answer : d
Solution :
(d) We know, |x| <a,then—a<x<a
Now, [x = 5| <2
=-2<x-5<2=3<x<7
~X€E(3,7)
Assertion is false and Reason is true.
6. Assertion (A) If a is any positive real number, then a + %2 2.

. o b
Reason (R) Let a, b be distinct positive real number, then % > +ab.

Answer: (a)
Solution:
Assertion using the inequality AM > GM, we get
a-+ 1 1
4> la x—
2 a

1 1
—(a+—)=21 +—- =2
—>2(a a) - a a

Hence, Assertion and Reason both are true and Reason is correct explanation of Assertion.

7. Assertion (A) The ratio of copper and zinc in brass is 13: 7. In 100 kg of brass, there is 35 kg  zinc.
Quantity of cheaper CP of dearer—Mean price
Reason(R): =

Answer : (b)

Quantity of dearer ~ Mean price—CP of cheaper
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Solution:
Assertion Let the quantity of copper and zinc in brass is 13x and 7x respectively. Total quantity of brass =
13x + 7x = 20x.
According to the question,
20x=100=>x=5
Quantity of zinc =7 x 5 =35 kg
Hence, both Assertion (A) and Reason (R) are true but Reason (R) is not the correct explanation of
Assertion (A).
8. Assertion (A) A shopkeeper mix two types of oranges worth 330 per kg and %45 per kg respectively so as
to get a mixture at 340 per kg in the ratio 2: 1.
Reason (R) Let the price of cheaper ingredient is denoted by c and price of dearer ingredient is
denoted by d and we mix these two types of ingredients in some ratio to produce a mixture at desired

price, therefore
quantity of cheaper ingredient _ d—m

quantity of dearer ingredient m-—c
Answer: (d)

Solution:Assertion Ratio of quantity of 2 types of oranges
Cheaper orange _ 45-40 _ 5 1

Dearer orange 40-30 10 2

Hence, Assertion is false but Reason is true.

9. Assertion (A) If 2x + 1 <[2x + 1|, x € R, then x € (-50,2).

Reason (R) [x| > |y| iff x*>y2

Answer: (b)

Solution:

Assertion Given,

2x + 1 <|2x + 1]

=2x+ 1 <0 [+ x<x|,iffx <0]

= 2x <-1

-1
=>xXx<—
2

. . -1
Hence, the solution set is (-o0, 7)

Hence, Assertion and Reason both are true but Reason is not the correct explanation of Assertion.
10. Assertion (A) A can run a kilometer in 4 min 50 s and B in 5 min. Then, A must give 10 s starts to B in a
kilometer race, so that the race may end in a dead heat.
Reason (R): A can give B a start of t min means that A will start ‘t” min after B starts from the
starting point and both A and B reach the finishing point at the same time.
Answer: (a)
Solution:
Assertion A runs 1000 m in 290 s and B in 300 s. For the race to end in a dead heat, A and B must reach
the goal at the same time i.e. in 290 s. So, A must give 10 s starts to B.
Hence, Assertion and Reason both are true and Reason is the correct explanation of Assertion.

VERY SHORT ANSWER TYPE QUESTIONS

1. Two runner A and B complete a 100 meters race in 36 seconds and 48 seconds respectively,
By how many meters will a defeat B?
Solution: A beats B by 12 seconds.
Distance covered by B in 12 seconds = % X 12 =25 metres
|
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2. A runs 1% times fast as B. If A gives B a start of 80m. How far must the winning post be so that A and B
might reach it at the same time?
Solution: Ratio of speeds of A and B = g :1=5:3
2 m are gained by B in a race of S5Sm

Im are gained by B in a race of gm

80m will be gained by B = % X80 =200m

Winning post is 200m away from starting point

3. In a 100 meters race. A, B and C get the gold, silver and bronze medals respectively. If A
Beats B by 100 meters and B beats C by 100 meters, then by how many meters does a beats
C?

Solution: A: B=1000:900 and B: C = 1000:900

A A B 1000 1000 1000

C C 900 900 810

A beats C by (1000-810) = 190 m

4. In a game of 100 points, A can give B 20 points and C 20 points. Then, how many points B can give C?

Solution: A: B=100:80 and A: C =100:72
B_A_B _80 100 _ 100

C C7A 100 72 90
B can give C 10 points

5.In a game A can give 15 points to B, A can give 30 pints to C and B can give 20 points to Chow many
points make the game?
Solution: Let A scores x points, B scores (x-15) points and C scores (x-30) points
Also B scores x points, C scores (x-20) points
x—15 x
= , X =60
x—30 x-20
60 points make the game
6. A pipe can fill a cistern in 6 hours. Due to leakage in the cistern is just full in 9 hours. How much time the
leakage will take to empty the tank?

Solution: Part of tank filled by cistern in 1 hour :%

Part of tank emptied by leakage in 1 hour = %

A.T.Q % - % = 1—18 .Time taken by leak to empty it = 18 hours

7. Two pipes A and B together can fill a tank in 6 minutes. If pipe A takes 5 minutes less than B to fill the
tank, find the time taken by pipe B to fill the tank alone.

Solution: Let, pipe B fill the tank in x minutes, then pipe a fill the tank in (x-5) minutes
% +ﬁ =% , X =15 minutes
Time taken by pipe B to fill the tank alone = 15 minutes
8. Two pipes A and B can fill a tank in 24 minutes and 32 minutes respectively. If both the pipes are opened
simultaneously, after how much time should be closed so that the tank is full in 18 minutes?

Solution: let B closed after = x minutes

Part of tank filled by A and B in x minutes= x ( 2—14 + % ):;_z

________________________________________________________________________________________________|
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Part of tank filled by A in (18- x) minutes :12;x

ATQ.

7x 18—x
=+
96 24

=1, x =8

B should be closed after 8 minutes.
9. Pipe A can fill the tank 2 times faster than pipe B. If both pipes A and B running together can fill the tank
in 24 minutes, find how much time will pipe B alone take to fill the tank?
Solution: Let, pipe B fill the tank in x minutes, then pipe a fill the tank in (g) minutes
1

1 2
S+ x=m
x X 24

Time taken by pipe B to fill the tank alone = 72minutes

10. A man rows 15 km upstream and 25km downstream in 5 hours each time. What is the speed of the
current?
Solution: Let speed of still water = x km/h, speed of current =y km/h

Speed of downstream (x +y) = 25—525, speed of upstream (x-y) = 1?5 =3
Speed of current =1 km /h

11. A boat rows a distance of 12 km downstream at13km/h and cover the same distance upstream at 7km/h.
Find the average speed of the boat.

downstream speed X upstream speed _13x7 _

9.1 km/h

Solution: Average speed = — =
speed in still water 10

12. A person can row a boat 5 km an hour in still water. It takes him thrice as long to row upstream as to row
downstream. Find the rate at which the stream is flowing.
Solution: let rate of stream = x km/h
Speed of upstream = (5-x) km/h, Speed of downstream = (5+x) km/h
ATQ 5+tx=3(5-x),x=2.5km/h
13. A boat goes 6 km in an hour still in water. It takes thrice as much time in covering the same distance
against the current. Find the speed of the current.
Solution: speed in still water = 6 km/h, speed of current = x km/h
Speed against the current = 6/3 =2 km/h
A.T.Q 6-x=2,x=4km/h, speed of the current = 4 km/h
14. A man can row 7 km per hour in still water. If the stream is flowing at the rate of Skm per hour, it takes
him 7 hours to row to a place and return, how far is the place?
Solution: let distance of place =x km, speed of still water = 7 km/h, speed of current = 5 km/h
Speed of downstream = 12 km/h, speed of upstream = (7-5) =2 km/h

AT.Q 1"—2 +§ =7,x=12

Distance of place = 12 km
15. A man can row 7% km/h in still water. If in a river running at 1.5 km per hour, it takes him 50 minutes to

row to a place and back, how far off is the place?
Solution: let distance of place =x km, speed of still water = 7.5 km/h, speed of current = 1.5 km/h

Speed of downstream = (7.5 +1.5) = 9 km/h, speed of upstream = (7.5-1.5) =6km/h

AT.Q §+§ :% ,Xx=3

________________________________________________________________________________________________|
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16.In what ratio must a grocer mix two varieties of sugar worth Rs.60 per kg and Rs.65per kg respectively so

that by the selling the mixture at Rs.68.20 per kg, he may gain 10%.

Solution: C.P.of 1kg mixture = Rs (68.20X <2 ) = Rs 62

quantity of cheaper ingredient _ d-m _ 65-62 _3

quantity of dearer ingredient " m-c 62-60 2
Required Ratio = 3:2

17.In what ratio water must be added to dilute honey costing Rs.240 per liter so that the resulted syrup would
be worth Rs.200 per liter?

Solution: C.P of water = Rs 0,
quantity of cheaper ingredient _ d—-m _ 240-200 _ 40

quantity of dearer ingredient T m-c 200-0 200
Required Ratio = 1:5

18. A container contains 50 liters of milk. From this container 10 liters of milk was taken out and replaced by
water. This process is repeated two more times. How much milk is now left in the container?
Solution: quantity of milk in the container = 50 liters

Quantity of milk left in the container after 4 processes of dilution = 50 (1 — %)3 litres

= % , X=25.6 litres

19. Cost of two types of pulses is Rs.55 per kg and Rs.90 per kg. If both the pulses are mixed together in the
ratio 2:3, what should be the price of the mixed variety of pulses per kg?

Solution: C.P of mixture = Rs x,

quantity of cheaper ingredient _ d-m _ 90—-x _ 2 x =176
quantity of dearer ingredient T m—c x-55 3~

C.P of mixture = Rs 76
20. A merchant has 1000 kg of sugar, part of which he sells at 8% profit and the rest at 18%profit. He gains
14&%o0n the whole. Find the quantity sold at 8% profit?

. quantity of cheaper ingredient d-m 18%—-14% 2
Solution: : _ — = = ==
quantity of dearer ingredient m-—c 14%—-8% 3

Ratio =2:3, Quantity of sugar = 1000kg
Quantity sold at 8% profit= 1000X g =400 kg
SHORT ANSWER TYPE QUESTIONS

1. A vessel contains a mixture of two liquid P and Q in the ration 5:7.12 liters of mixture are drawn off from
the vessel and 12 liters of liquid P is filled in the vessel. If the ratio of liquid P and Q now becomes 9:7,
how many liters of liquids P and Q were contained by the vessel initially?

Solution: Let initially liquid P =5x liters and initially liquid Q = 7x liters

Quantity of liquid P left in the mixture = 5x - % X 12 = (5x-5) litres, Quantity of liquid Q left in the
mixture = 7X - % X12 = (7x-7) litres

After mixing 12 litres of liquid P, Quantity of liquid p = (5x-5+12) = (5x +7) litres , Quantity of liquid Q
= (7x-7) litres

ATQ Z2_2 -4
7X-7 7
Initially liquid P =5X 4 =20 litres and initially liquid Q =7x 4 = 28 litres
2. Two vessels A and B contain milk and the water in the ratio 5:2 and 8:5 respectively. In what

ratio mixtures from two vessels should be mixed to get a new mixture containing milk and water in the

ratio 9:4?

]
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Solution: Let the C.P. of milk = Rs x
Milk in 1 L mixture in A = ; L C.P.of1 litre mix in A = §x X

Milk in 1 L mixture in B = 18—3 L C.P.of litre mix in B = 18—3x

Milk in 1 L mixture of A and B = %
C.P. of 1 litre mix in A C.P. of 1 litre mix in B

5 8
7 13
9

Mean Price X

ud / \ =
13 91

Required Ratio = 1x—3 : % =7:2

3. From a container full of milk 8 liters are drawn at then filled with water. This process is repeated three
more times. The ratio of the quantity of milk left in the container and that of water is 16:65. How many
liters of milk did the container hold originally?

Solution: Let the quantity of milk in the container = x litres

Quantity of milk left in the container after 4 processes of dilution =x (1 — 2)4 litres

_8y4
X7 _16

ATQ — =

— 84 — (%4 YT
, (1 x) (3) , (1 x) 5 0 X 24 litres
4. A bottle is full of Dettol. One-third of its Dettol is taken away and an equal amount of water is poured into
the bottle to fill it again. This operation is repeated three times. Find the final ratio of Dettol to water in
the bottle.
Solution: Let the quantity of Dettol in the bottle = x mL and quantity of Dettol replaced by water = y mL,
X

3
Quantity of Dettol left in the bottle after 3 processes of dilution =x (1 — %)" =x(1— §)3

Amount of water in the bottle=x - x (1 — %)3

- R _y &8 .8
ATQ. x(1 3) =x-x(1 3) e 1 27]
Required ratio  8: 19

5. A milkman has two cans. First containing 75% milk and rest water, whereas second containing 50% milk
and rest water. How much mixture should he mix from each can so as to get 20 liters of mixture, such the
ratio of milk and water is 5:3 respectively?

Solution:  first can = milk: water = 75%: 25% . Second can = 50%: 50%

4

Quantity of milk in first can =3 , Quantity of milk in second can = =§ =3

100 4 100

Mixture = milk: water = 5:3 , Quantity of milk in mixture Zg

________________________________________________________________________________________________|
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) 3 6 4
First can i & Second can =

_—

Mixture =-
8
8

Required Ratio = % : % =1:1

1
8

20 L mixture contains 10 L water and 10L milk

6. Two pipes P and Q can fill a tank in 60 minutes and 30 minutes respectively. Third pipe R drains 5 liters
of water per minute. If all three pipes are opened it took 2 hours to fill the tank. Find the capacity of the
tank.
Solution:
Pipe A can fill the tank in 60 min  ; Pipe B can fill the tank in 30 min
Time taken to fill the tank by (A+B+C) = 2 hours = 120 minutes

Let, Time taken by pipe R to drain the tank = x

1,1 1 1
ATQ —=+—-- =—

60 30 x 120
1,1 1 1
—t+—=-— == ,x=24
60 30 120  «x

In 1 min pipe R drain 5 litres

In 24 min pipe R drain 5 x 24 = 120 litres
So, the capacity of the tank = 120 litres
7. A man make twice as long as to row a distance against the stream as to row the same distance in the
direction of stream. Find the ratio of speed of man in still water to the speed of stream.
Solution: speed of boat in still water = x km/h, speed of stream =y km/h

A.T.Q. Time taken by upstream = 2 time taken by down stream
d _,_ 4 V) = —
o =2 prey ,2(x-y)=xt+vy, x=3y
Speed of man in still water: speed of stream = x: y = 3y: y = 3:1
8. A cistern can be filled by two pipes A and B in 12 minutes and 15 minutes respectively. Another tap C can
empty the full tank in 20 minutes. If the tap C is opened 5 Minutes after the pipes A and B are opened,

find when the cisterns becomes full?

Solution: Part filled by pipe an in 1 minute = 1—12
Part filled by pipe B in 1 minute = 1—15
Part filled by pipe C in 1 minute = %

________________________________________________________________________________________________|
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Part filled by pipe A and B in 5 minutes =5 ( % = )= %

15
Unfilled part of tank = %

1 1

Portion of cistern filled A, B and C in 1 minute = 4Ll 1.1
12 15 20 10

Il Of the tank will be filled in = % % 10 = 2 minutes 30 seconds

9. Two pipes can fill a tank in 15 hours and 12 hours respectively and a third pipe can empty it in 4 hours. If
the pipes be opened in order at 8.A.M, 9.AM and 11.A.M. respectively at what time the tank will be
emptied.

Solution: Let the tank be emptied in x hours after 8§ A.M

Work done by A in x hours, by B in (x-1) hours and C in (x-3) hours =0
X  x-1 x-3 _ 20

o x==

E 12 4 3
Tank will be emptied in 6 hours 40 minutes after 8 A.M.

Tank will be emptied at 2:40 P.M.

10. Three pipes A, B and C can fill a tank in 6 hours. After working at it together for 2 hours, C is closed and
A and B can fill the remaining part in 7 hours. Find the number of hours taken by C alone to fill the tank
is?

Solution: part filled by (A+B+C) in 2 hours == x2 =

= Part s filled by (A+B) =7 hours
Whole is filled by (A+B) = 7 X 2 ==~ hours
Part filled by C in 1 hour = % -2 =1 . Calone can fill it in 14 hours.

11 .Two pipes A and B can fill a tank in 20 minutes and 60 minutes respectively. There is an outlet pipe C at
the bottom of the tank. If all three pipes are opened together it took 40 minutes to fill the tank. Find the
time taken by outlet C to empty the full tank working alone.

Solution: Let, the time taken by C to empty the tank =t

Tank filled by pipe an in 1 min = %

Tank filled by pipe B in 1 min = 6—10

1 1 1 1
ATQ +1.1 -1
20 60 t 40

1 .01 1 1
%—{_E-E :? 1=24
Time taken by C to empty the tank = 24 minutes
12. A motorboat whose speed is 18km/h in still water takes 1 hour more to go 24 km upstream than to return
downstream on the same spot. Find the speed of the stream.
Solution: speed of motor boat in still water = 18km/h, speed of stream = skim/h
Speed of upstream = (18-x) km/h, speed of downstream = (18+x) km/h

24 24
AT. -
Q 18-X  18+X

________________________________________________________________________________________________|
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LONG ANSWER TYPE QUESTIONS

1. A cistern has three pipes A, B and C. Pipes A and B is inlet pipes whereas C is an outlet pipe. Pipes A and
B can fill the cistern separately in 3 hours and 4 hours respectively, while pipe C can empty the
completely filled cistern in 1 hour. If the pipes A, B and C are opened in order at 5, 6 and 7 a.m.
respectively, at what time will the cistern be empty?

Solution: Let the cistern be emptied in t hours after 7 a.m. then pipe A fill cistern for (t+2) hours and pipe
B fill cistern for (t+1) hours and pipe C empties the cistern for t hours.

Part of cistern filled by pipe a in I hour ==

Part of cistern filled by pipe B in 1 hour =~

Part of cistern emptied by pipe C in 1 hour = 1

AT.Q. % + t:—l E -0 , t=% — 2 hours 12 minutes

The cistern will be empty at 9:12 a.m.
2. A boat covers 32 km upstream and 36 km downstream in 7 hours. Also, it covers 40 km upstream and 48
km downstream in 9 hours. Find the speed of the boat in still water and that of the stream.
Solution — Let speed of the boat in still water =x km/h , speed of stream =y km/h
Upstream speed = (x-y) km/h, Downstream speed = (x +y) km /h

2, 36 _ a0 e _ ingt oy =1L Kby =
E + m =7 , and —y + Tty 9 ,putting x-y =u, Xty =v
32u36v=7T..... (1) 40u+48v=9 ....... 2)

1

12

x-y =8 and x+y =12 solving these equations x =10 andy =2
Speed of the boat in still water = 10 km/h, speed of stream = 2 km/h

3. The speed of a boat in still water 1s 5 times that of the current, it takes 1.1 hours to row to a point Q from P

After solving (1) and (2), we get u= % , V=

downstream. The distance between points P and Q is 13.2 km. How much distance will it cover in 5%

hours upstream?
Solution: Let speed of current = x km/h
Speed of boat in still water = 5x km/h

Speed of downstream = 5x+x =6x km/h, speed of upstream = 5x-x = 4x km/h

AT.Q %z 1.1, x=2

Distance covered by boat in 5% hours =4 X 2 X 25—6 =41.6 km

4. A leak in the bottom of a tank can empty the full tank in 8 hours. An inlet pipe fills water at the rate of 6
litres in a minute. When the tank is full, the inlet is opened but due to the leak, the tank is empty in 12

hours. How many litres does the tank hold?

1 1

Solution: Part of tank filled in 1 hour = 111
8 12 24

Part of tank filled in 1 minute = —— = ——
24X 60 1440

Since it is given that inlet pipe fills water at the rate of 6 litres in a minute

—Th part of volume of tank = 6 litres
1440

Volume of tank = 1440 X 6 = 8640 litres

________________________________________________________________________________________________|
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CASE BASED QUESTIONS

1. Sushma is rowing a boat. She takes 6 hours to row 48km upstream whereas she takes 3 hours to go the

same distance downstream.
a5 =

=
/

Based on above information, answer the following questions:
(1) What is her speed of rowing in still water?
(i1) What is the speed of the stream?
(ii1) What is her average speed?
OR
(ii1)) If Sushma can row 7.5 km/h in still water. If river running 1.5 km an hour, if takes her 50
minutes to row to a place and back, then what is speed of upstream?
Solution: (i) Let speed of Sushma in still water = x km/h, speed of current =y km/h

A.T. Q. Speed of upstream = (x- y) = % =8 and Speed of downstream = (x+y) = 2—8 =16
x=12,y=4

Speed of rowing in still water = 12km/h

(i) Speed of the stream =4 km/h

total distance covered 96 2
(i11) Average speed = rotal ime taken o 10 3 km/h
OR
(ii1) Speed of upstream = (7.5- 1.5) = 6 km/h
2. An overhead water tank has three pipes A, B and C attached to it (as shown in figure ). The inlet pipes A
and B can fill the empty tank independently in 15 hours and 12 hours respectively. The outlet pipe C
alone can empty a full tank in 20 hours.

Based on the above information, answer the following questions.

(1) For a routine cleaning of the tank, the tank needs to be emptied. If pipes A and B are closed at the time
when the tank is filled to two-fifth of its total capacity, how long will pipe C take to empty the tank
completely?

(i) How long will it take for the empty tank to fill completely, if all the three pipes are opened
simultaneously?
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(i11) On a given day, pipes A, B and C are opened (in order) at 5 am, 8 am and 9 am respectively, to fill
the empty tank. In how many hours will the tank be filled completely?

OR
(ii1) Given that the tank is half-full, only pipe C is opened at 6 AM, to empty the tank. After closing the
pipe C and an hour’s cleaning time, tank is filled completely by pipe A and B together. What is the total
time taken in the whole process?

Solution: (1) Pipe C empties 1 tank in 20 h = gthe tank ing % 20 = 8 hours

1 1 1

(ii) Part of tank filled in 1 hour= — + — -= = —
15 12 20 10

= Time taken to fill tank completely = 10 hours
(i11)) At5am.
Let the tank be completely filled in‘t” hours
= Pipe A is opened for‘t” hours, pipe B is opened for ‘t—3” hours, pipe C is opened for ‘t—4’ hours

= in one hour, part of tank filled by pipe A = % Th
Part of tank filled by pipe B= "= Th

Part of tank emptied by pipe C = % Th
t, t-3 _t-4

— - — =1 ,t=10.5hours
15 15 15

Total time to fill the tank = 10 hours 30 minutes
OR

(ii1)) At 6 am,

Pipe C is opened to empty Y% filled tanks

Time to empty = 10 hours

Time for cleaning = 1 hour

1 3

Part of tank filled by pipes A and B in 1 hour = Lyl
15 12 20

= Time taken to fill the tank completely = 23—0 hours
Total time taken in the process =10+ 1 + % = 17 hour 40 minutes
3. A, B and C are three pipes connected to a tank. A and B together fill the tank in 6 hours. B and C together
fill the tank in 10 hours. A and C together fill the tank in 71;h0urs. Based on above information answer

the following questions.

(1) In how much time will A, B and C fills the tank?

(i1) In how much time will A separately fill the tank?

(i11) In how much time will B separately fill the tank?
OR
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(i11)) In how much time will C separately fill the tank?
Solution: (1) A + B fill the tank in 6 hrs
B + C fill the tank in 10 hrs

A + C fill the tank in 175 hrs

6X10%x=2 5
2A+B+C)= YT

6X10+10X—+—x6 2
Hence A, B and C together will fill the tank in 5 Hrs

(ii) A will in [(A+B+C) — (B+C)] = 2= = 10 hrs

15

iii) B will fill (A+B+C) — (A+C)] = Z—=15hrs
(i) [ A
2

OR
C will fill in [(A+B+C) - (A+B)] = 2= =30/rs

HIGHER ORDER THINKING SKILLS(HOT’S)

1. Write the solution set of the in equation Ii —-21>4

Solution:
E—21>4
X
& L<24ort >2+4

X X

-1 1
SX<— orx<—

2 6
Hence, solution set of the given system of in equations is ('OO’_TI )U (6l , )
2. How much water must be added to 60 litres of milk at 1% litres for Rs 20 so as to have mixture worth Rs

10% a litre?

Solution: Let x litres of water must be added to 60 litres of milk at 1% litres for Rs 20

. 2 40
C.P. of milk =20 x 3 =Rs 5
. . . 40 32
quantity of cheaper ingredient _d-m _ 33 _ X 1 x
quantity of dearer ingredient " m—c 33—2—0 60 > 4 60

x=15
EXERCISE

MULTIPLE CHOICE QUESTIONS

1. Pipes A can fill a tank 6 times faster than a pipe B. If B can fill a tank in 21 minutes, then the time taken
by both the pipes together to fill the tank is

(a) 3 minutes (b) 4.5 minutes (c) 7 minutes (d) 9 minutes
1

2. Two pipes A and B can fill a cistern in 372 minutes and 45 minutes respectively. Both pipes are opened.
The cistern will be filled in just half an hour, if the B is turned off after:

(a) 5 min. (b) 9 min. (c) 10 min. (d) 15 min.
3. In a 1km race, player P beats player Q by 18 meters or 9 seconds. What is P’s time to complete the race?
(a) 512 seconds (b) 502 seconds (c) 491 seconds (d) 481 seconds
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4. Last two digits of 22° are
(a)73 (b) 74 (c)75 (d) 76
5. If x =4 (mod 7), then positive values of x are
(a) {4,11,18,....} (b) {3,10,12,....} (c) {4,8,12,.....} (d) {1, 8, 12,}
6. Tea at Rs 60 per kg is mixed with tea at Rs 65 per kg so that 10% is gained by selling the mixture at Rs
68.20 per kg. Ratio of mixture is
(a) 1:2(b) 1:3 (c) 3:2 (d) 2:3
7. A pipe can fill a tank in 12 hours. Due to leak in the bottom, it is filled in 16 hours. If the tank is full, how
long will it take to empty from the leak
(a) 40 hours (b) 48 hours (¢ ) 50 hours (d) 52 hours
8. In, a 200m race, A beats B by 35m or 7 seconds. Find A’s time over the course
(a) 31 seconds (b) 32 seconds (c) 33 seconds (d) 34 seconds
9. Let p>0 and q<0 and p, q€ Z, then choose the correct inequality from the given below options to complete
the statement p+q ...... pP-q
(@ >Mb)<()=2d)<
10. If x is a real number and |x| < 5, then
(@A) X)>5(Mb)-5<x<5()x<-5(d)-5<x<5

ASSERTION -REASON TYPE QUESTIONS

Directions In the question number 1 and 10, a statement of Assertion (A) is followed by a statement of
Reason (R). Choose the correct option.

(a) Both A and R are true and R is the correct explanation of A

(b) Both A and R are true but R is not the correct explanation of A

(c) A is true but R is false

(d) A is false but R is true

1. Assertion (A) (186 x 93) (mod 7) =2
Reason (R) (a. b) (mod n) = a (mod n). B (mod n)
2. Assertion (A) In 30 L mixture of acid, the ratio of acid and water is 2: 3. The amount of water should be
added to the mixture so that the ratio of acid and water becomes 2: 51is 12 L.
Reason (R) Mean price is always lesser than cost price of cheaper quantity and higher than the cost price
of dearer quantity.
3. Assertion (A) Rohan can row with a speed of 16 km/h in still water and the speed of stream is 12 km/h.
Then, speed of Rohan downstream will be 26 km/h.
Reason (R) If the speed of a boat in still water is x km/h and speed of stream is y km/h, then speed of the
downstream is (x +y) km/h.
4. Assertion (A) if A beats B by 200m or by 10 seconds, then speed of B is 20m/sec
Reason(R) In a 400 m race, A reaches the finishing point in 20 seconds and beat B by 100m. The speed
of B is 15 m/sec
5. Assertion (A) In a race of 100m, If A beats B by 20 m and to C by 28m, then B beat C by 8m
Reason(R) If A beats by x m, then it means that when A is at finishing point, B is x m behind
the finishing point
6. Assertion (A) The solution set of the inequality | 2x-3 | >5, x € R is (-0,-1] U [4, )
Reason(R) Forreal x, x| <a= -a<x<a,a>0.
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VERY SHORT ANSWER TYPE QUESTIONS

1. Find the least non-negative remainder when 3°'is divided by 7.

2.In what ratio water must be added in milk costing Rs 60 per litre , so that resulting mixture
would be worth Rs 50 per litre ?

3.A man row to a place at a distance of 48km and returns back in 14 hours . He finds that he can
row 4km with the stream in the same time as 3km against the stream. Find the speed of stream .

4. Two pipes A and B can fill a tank in % hour and 1 hour respectively . A pipe C can empty the

tank in 2 hours . If all three pipes are opened simultaneously , how long does it take to fill the
empty tank ?

5.A and B participate in 200m race. A runs at the speed of 6 km/h . A gives B a start of 18m and
still beats him by 6 seconds . Find the speed of B in km/h .

6.Write the solution set of the in equation x +§ =2
SHORT ANSWER TYPE QUESTIONS

1.How many litres of water should be added to a 30 litres mixture of milk and water containing
milk and water in the ratio 7:3 such that the resultant mixture has 40% water in it ?
2.A manufacturer mixes two kinds of tea costing Rs 35 per kg and Rs 40 per kg in the ratio of
8:7 . Find profit or loss percent if he sells the mixture at the rate of Rs 37,50 per kg ?
3.The speed of a motor boat and that of the current of water is 36:5. The boat goes along with the
current in 5 hours 20 minutes. How much time will it take to come back?
4.A cistern can be filled by an inlet pipe in 20 hours and can be emptied by an outlet pipe in 25
hours. Both the pipes are opened. After 10,hours the outlet pipe is closed , find the total time
taken to fill the cistern.
5.Three pipes A,B and C can fill a tank in 6 hours. After working at it together for 2 hours, C is
closed and A and B can fill the remaining part in 7 hours. Find the number of hours taken by C
alone to fill the tank.
6. A large tanker can be filled by two popes A and B in 60 minutes and 40 minutes respectively.
How many minutes will it take to fill the tanker from empty state if B is used for half the time
A and B fills it together for the other half ?
LONG ANSWER TYPE QUESTIONS

1.A boat goes 20 km upstream and 22km downstream in 6 hours. Also, it goes 25km upstream
and 33km downstream in 8 hours. Find the speed of the boat in still water and that of the stream
An : The speed of the boat in still water is 8km/h and the speed of the stream is 3km/h

2. Two pipes A and B can fill a cistern in 30 and 20 minutes respectively. They started to fill a
cistern together but pipe A is closed few minutes later and pipe C, fills the remaining part of
the cistern in 5 minutes. After how many minutes was pipe A closed ?

An : 9 minutes
3. A tank can be filled by two inlet pipes P and Q in 15 minutes and 20 minutes respectively.
Another outlet pipe R can empty the full tank in 24 minutes. If the outlet pipe R is opened 6
minutes after the pipes P and Q are opened, find the total time to fill the tank.
An : 10 minutes
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CASE -BASED QUESTIONS (4 Marks)

1. A man can row against the current, three fifth of a kilometer in 15 min and returns same
distance in 10 min. Based on the above information answer the following questions.

5 rrgi 1%

(1) Find the speed of the current.
(i1) Find the speed of men in still water.
(ii1) If a man can row a distance of 3 km against the stream, then find the time he would cover the
distance.

OR
If the time taken by a man to cover 4.5 km downstream and x km upstream is same, then find the value
of x.

2. A cistern has three pipes A, B and C. Pipes A and B can fill it in 5 h and 10 h respectively,
while pipe C can empty the cistern in 30 h.

Based on the above information, answer the following questions.
(1) Ifthe pipes A and B are opened, then find the time taken to fill the cistern
(11) If all the pipes are opened, then find the time taken to fill the cistern
(ii1) (a)If the pipes A and B are opened alternatively and pipe C is opened all the time, then find the
time taken to fill the cistern.
OR
(b) If the tap A is opened partially in such a way that its efficiency of filling the cistern becomes
half, then find the time taken by all the three taps to fill the tank.
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HIGHER ORDER THINKING SKILLS (HOT’S)

1.A pipe can empty % of a cistern in 20 minutes. What part of cistern will be emptied in 9

minutes

2. Two pipe A and B can fill a cistern in 10 minutes and 15 minutes respectively. Pipe C can
empty the full cistern in 5 minutes. Pipes A and B are kept open for 4minutes and then outlet
pipe C is also opened. Find the cistern is emptied by the output pipe C.

ANSWERS
MULTIPLE CHOICE QUESTIONS

(1).a(2).b (3).c (4).d (5).a(6).c (7).b(8).c (9).d (10).b
ASSERTION AND REASON TYPE QUESTIONS

(1).d 2).c 3).d (4).b (5).d (6).b

VERY SHORT ANSWER TYPE QUESTIONS

(1).6 (2).1:5 (3).1km/h (4).24 minutes (5).5.2km/h  (6).(0, )
SHORT ANSWER TYPE QUESTIONS

(1).5 liters (2). 0.455% (3).%1 = 6hours and 50 minutes (4). 28 hours ( 5).14 hours (6).30 minutes

LONG ANSWER TYPE QUESTIONS

(1).Speed of boat in still water = 8km/h and speed of stream is 3km/h (2). 9 minutes
(3). 10 minutes

CASE BASED QUESTIONS

1.1) % m/s 1i) % m/s iii)lhand 15 min OR x =3km
2.9)5'=3hand 20 min i) 32 hours iii) (a) 8= = 8 h and 24 min OR ii) (b)6 hours

HIGHER ORDER THINKING (HOT’S)

(1):2 (2). 20 hours
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UNIT 2

ALGEBRA
MATRICES

Gist/Summary of the lesson:

Matrix, Order of matrix, Types of matrix, Row matrix, Column Matrix, Zero Matrix Or Null Matrix,
Square matrix, Diagonal Matrix, Scalar Matrix, Equality of Matrices, Operations on Matrices, Transpose
of a matrix, Symmetric and skew Symmetric matrices, Determinants, Area of a triangle using
determinants, Minors and Cofactors of a Determinant, Adjoint of a Matrix, Inverse of a Matrix, , Solution
of system of linear equations using inverse of a matrix, Cramer’s Rule

¢ A Matrix is a rectangular array of numbers or functions, i.e. arrangements of numbers or functions
in rows and columns.

% Matrix having m rows and n columns is of order m x n and total number of elements in matrix are
mn. A matrix of order m x n is denoted by A=[ajj]; 1 <i<mand 1 <i<n. aj is knows as an
element of a matrix lying in the i row and ji column.

¢ The matrices A and B are said to be equal if (i) there order are same. (ii)elements at the
corresponding places are equal,

s Addition of two matrices is defined, if matrices are of the same order and their addition is a matrix
of the same order.

¢ Multiplication of Matrices A and B is defined if number of columns of A is equal to number of
rows of B.

¢ A matrix obtained by interchanging the corresponding rows and columns is called the transpose of
a matrix.

¢ To every square matrix we can associate a number or a function known as determinant of the
square matrix.

¢ Adjoint of a square matrix A is transpose of a matrix obtained by cofactors of each element of a
determinant corresponding to a given matrix.

% A square matrix whose inverse exists, is called invertible matrix .

TYPES OF MATRICS:
(1) Row Matrix: A matrix having only one row is called a row matrix, e.g. [2,4]; [-1,0,6]. Its order is

I X n. Column Matrix: A matrix having only one column is called a column matrix. e.g [g]

1
[—2‘ . Its order is m X1.Zero matrix or Null matrix : A matrix whose all the elements are zero
5

is known as a zero matrix . It is denoted by O.
. [0 0 O] ) [O 0
&lo o ol’lo o
(i1) Square matrix: A matrix having equal number of rows and columns is a square matrix . Its order
ism x m or n x n . For a square matrix A=[a;;], a;; is knows as its diagonal element ifi=j. In
above examples diagonal elements are 2,4; 1,-1,1.
[ 2 3 1 6 0
eg. 1 4]; 3 -1 2].
1 4 1
- — ]
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(ii1)Diagonal matrix: A square matrix whose all the non-diagonal elements are zeroes is called a
diagonal matrix. We also define it as : A square matrix A = [a;;] is called a diagonal matrix, if a;;
=0fori#j

2 0 0
+ly S 5

(iv)Scalar matrix: A diagonal matrix whose all the elements are equal is a scalar matrix . We also
define it as : A square matrix A = [a;;]is a scalar matrix, if a;; = 0 for i # j and a;;=k fori=j kis a

scalar.
-3 0 0
€g. [g 2 ;0 =3 0 ]
0 0 -3

(v) Identity matrix or a Unit matrix: It is denoted by L. It is a square matrix whose all non-diagonal
elements are zero and diagonal elements are 1 each. We also define it as: A square matrix A = a;;
is an identity matrix or a unit matrix , if a@;; = 1 for i =j . An identity matrix of order n x n is
denoted by I, ,, Or I, .

1 0 O
1 0
eg. I, =1, :[O 1],I3><3: I3 :[0 1 0]

0 0 1
EQUALITY OF MATRICES:

The matrices A and B are said to be equal if (i) there order are same. (ii)elements at the

corresponding places are equal,

i.e. matrices A = [a;;] and B=[b;j] , 1 <T<m,1<j<nareequalif a;; =b

OPERATIONS ON MATRICES:

1. Multiplication of a matrix by a scalar: Multiplication of a matrix by a scalar k is a matrix of the
same order whose each element is obtained by multiplying the corresponding element of the given
matrix by scalar k . If matrix A = [@;j ], x n then multiplication of matrix A by scalar k is kA =
[k a; j ]m Xn.

2. Addition of matrices: Addition of two matrices is defined, if matrices are of the same order and
their addition is a matrix of the same order whose each element is obtained by adding the
corresponding elements of two matrices. If A = [@;;]m xn and B = [b;j];n x n and A+ B = C, then

ij>Vi,j.

C=[cijlmxn,where a;; + bj;=c¢;; Vi,]j.
3. Properties with respect to addition:

(1) Commutative: A+B = B+A , for matrices A and B of the same order .

(i1) Associative: A + (B + C) = (A + B) + C, for matrices A. B and C of the same order.

(iii)Additive identity: For a given matrix A, a zero matrix of the same order as that of A is
called its additive identity as A+ O = O +A = A.

(iv)Additive inverse: For a given matrix A, a matrix (-A) is called its additive inverse as A +
(-A)=(-A) +A =0.

4. Multiplication of matrices: Given matrices A and B, then their multiplication AB is defined if
number of columns of A is equal to number of rows of B. If A = [a;;]n x n and B = [bjx ], x p ,then
AB = [Cik]m x p» Where i =221 @ijbji ,ie. Cye = Qb1+ Aipboy +...FAin by
MATRIX MULTIPLICATION MAY NOT BE COMMUTATIVE
% Let order of matrix A is 3 X 2 and thatof Bis2 X 1 . Then AB is defined but BA is not

defined , so AB #BA .
1
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s Letorder of A is 2 X 2 and that of B is 3 x 2.Then AB is not defined but BA is defined i.e.
AB#BA
s Letorder of A is 3 X 2 and that B is 2 X 3. Then AB is matrix of order 3X3 and BA is matrix
of order 2 X 2, so AB#BA.
« Let the order of matrix A is 2 X3 and that of matrix B is also 2x3. Here AB and BA both are.
not defined , Hence AB#BA.
¢ Let the order of matrix A be 2 X 2 and that of matrix B be also 2 X 2 then AB and BA both
are defined and are of the same order. In this case we may have AB = BA only if elements at
the corresponding places are equal.
Properties with respect to multiplication:
(1) Commutative: Matrix multiplication for matrices A and B is not commutative in general, i.¢ .
AB#BA .
(i1) Associative: For three matrices A, B and C, if multiplication is defined , then A(BC) = (AB)C.
(iii))Multiplicative identity: For a matrix A,, « , , @ unit matrix I,,,is multiplicative identity, if it is pre-
multiplied and I,, , is multiplicative identity, if it is pre-multiplied and [,, is multiplicative identity,
if it is post-multiplied as [, Ay xn = Amxn 3 Am x nln = Am x n. 1.€. for a rectangular matrix
there are two multiplication identities. For a square matrix A,, , , , there is only one multiplicative

identity I,,,.
(iv)Multiplicative inverse: A matrix B is said to be inverse of matrix A, if AB=BA =1. Inverse of
matrix A is denoted by A™1. Inverse of only a square matrix exists.

Note: Inverse of a matrix , if exists , is unique.
Distributive property: If A, B, C, are three given matrices and if multiplication and
addition is defined, then A(B + C) = AB + AC
Existence of two non-zero matrices whose product is a zero matrix:
2 5 5 15
LetAZ[_4 _10] and B = [_2 6
Then A and B are non-zero matrices.
. 2 5 5 15
Consider AB = [_4 _10] [_2 6
[ 10=10 =30 =30 ] ~[0 0] a zero matrix
—20+20 -60+ 60 0 0
TRANSPOSE OF A MATRIX, SYMMETRIC AND SKEWSYMMETRIC MATRICES
(1) A matrix obtained by interchanging the corresponding rows and columns is called the transpose of
a matrix.

(ii) If matrix is A, then its transpose is denoted by A" or AT. Also if matrix A = [q; jlm x nthen its

transpose is A' =[aj;]n x m -

(iii)Properties of transpose of the matrices.(i) (A") ' =A (i) (A +B)'=A'+ B' (iii) (AB)' = B'A’
(1v) (kA)'=kA', where k is a scalar.

(iv)A matrix is symmetric matrix, if 4 = AT

(v) A matrix is skew symmetric matrix, if A = —A
Note: Every square matrix can be represented as a sum of a symmetric and a skew symmetric
matrix.

T

A+AT A+AT) . . . (A-AT
( ) ( ) 1S a symmetric matrix (

AT
(A-4 )Where )and 1sa

2 2

+

(vi)If A is a square matrix then,
skew symmetric matrix.
Note: Diagonal elements of a skew symmetric matrix are always zero.
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Adjoint of a matrix :
a) Adjoint of a square matrix A is transpose of a matrix obtained by cofactors of each element of a
determinant corresponding to a given matrix.
b) Adjoint of a matrix A is denoted by adj A.
¢) A square matrix whose inverse exists, is called invertible matrix .

d) Inverse of matrix A is denoted by A™! = ﬁ. adj (A)

e) If| A |=0 then matrix is said to be singular matrix.
f) If| A | # 0 then matrix is said to be non-singular matrix.
g) IfAisagiven matrix , then AAT=ATA=1.
h) If A and B are invertible matrix of the same order then (AB)!=B"!A"!
1) For a square matrix A,
i A=A
(i) (A =(A")
a1
(i) A7 ]
(iv)  Important Formula [KA|=K" |A|
(v)  ladjA|=]|A[™
(vi)  If A is a square matrix of order n, then
(a)|(adji A)|=| A"
(b) |A(adj A)| = |A[".
MULTIPLE CHOICE QUESTIONS
(1) If amatrix has 5 elements, the possible orders of a matrix are
(a)2 (b)5  (c)l (d)4

Solution:  The possible orders of a matrix = 5X1,1X5
Answer: (a) 2

(2)11‘[_92 _11 §]=A+[é 24 _91]thenAis

R CERT]
(C)[—z -3 —6] (d)[z 3 6]
Solution:

A:[—gz _11 g][(l) 24 _91]

_ [ 8 -3 5 ]
% 03 T8
Answer:( c) [_2 _3 o 6]
(3) Ifamatrix A is both symmetric and skew symmetric , then A is necessarily a

(a) Diagonal Matrix  (b) Zero Square Matrix (c) Square Matrix ( d) Identity Matrix
Answer ( b ) Zero Square Matrix
(4) If for a square matrix A , A~ A +1=0, then A"! equals
(a) A b)A+T (¢c)I-A (d)A-1
Solution: A" (A2—A+1)=0x A"
=ATAZ- ATA+ATI=0
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=SLA-1+A1=0
=SA-1+A'=0
=Al=1-A

Answer: (¢) I-A

(5)IfA=B (1)] .B=[316 (1)] and A = B? , then x is

@ +1 (bl (c)l (d)2

Solution: B*=B.B = [ ] [x+1 1

_R2 1
=A=B =, ] [x+1 1
=xl=1=x=+1
= x = 1,( x = -1, not satisfied)
Answer (b) 1
(6)If A and B are matrices of order 3 X 2 and 2 X 4 respectively then order of matrix A X B is

(A)3x4 (b)4x3 (c)2x3 (d)2x4
Answer: 3 X 4

Solution: If order of matrix A is m X n and order of matrix B is n X p then order of matrix A

xB is m XP.
Answer: (a) 3 X 4

(7)If [x 1][_12 8]=O,thenxis
@0 (b)2  (c)-1 (d)2
Solution: [x 1] [_12 8]20

[x —2 0]=0=x=2
Answer: (d) 2
(8) If A is a skew symmetric matrix of order 3 , then the value of [A] is
()0 (b)27 (c)9 (d)2

0 a b
Solution: Let A= 0 ¢
—-b —c 0

| A|=0-a(0+bc) + b(ac-0) = -abc + abc = o
Answer: (a)0
(9) Three points P (2x, x+3), Q (0, x ) and R(x+3, x+6) are collinear , then x is
(a)3 (b) 7 (c)l (d)2
Solution: Three points are collinear when Area of triangle is Zero.
2x x+3 1
0 X 1
x+3 x+6 1
= -12x + x> +6x+9-x*-3x=0 =x=1
Answer: (c)1
(10 ) The area of the triangle with vertices A(5,4), B(2,-6) and C(-2,4) is

=0 =2x(x-x-6) — (x+3)(0 —x — 3) +1 (0 — x> -3x) = 0

(a) 23 sq. units (b)35sq.units (c) 10 sq. units (d) 20 sq. units
5 4 1
Solution: Areaof AABC = -2 -6 1
-2 4 1

—4;{5(-6-4) —4(2+2) 1(8 — 12)}
=(-50— 16 +4) =35
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So, area = 35 sq. units. (Area cannot be negative)
Answer: (b ) 35 sq. units
~ 13 —6] I3 x2|.
(11) The value of x if |4 0 | = |x _1| is
(a) 3 (b) -3 (c) 1 (d)2
Solution: |3 _6| = |3 x?
4 0 x -1
=-3-x’=24 =x=-3
Answer: (b)) -3
_[3 5 -9 2 .
(12) IfA = [_4 6] and B —[ 1 _7] then value of | AB | is

(a)2358 (b)2348 (c)2318 (d)2328
sowion: A8 =[5, [V SF[5¢e S00 = [ Tl
Hence | AB| =1100 +1218 =2318
Answer: (¢ ) 2318
(13) The inverse of given matrix [_53 _21] is
@l 31w F @, @[y 2
Solution: Let A =[_53 _21]
|A|=-6+5=-1and Adj (A)=[_25 _13]
xempad =S5 S ]
Answer: ( a) [_52 _31]
(14 1rA = _23 é] then adjoint of A is
@ls 5l el @ @ ]

Solution: If A = [Z Z], then Adj (A) =[_dc _ab],

_ 5 -1
Answer: ( d) [ 3 9 ]
(15 IfA= [_kz z] is a singular matrix then value of k is
-8 8 7 -7
(a)+ (s  (c)g (d)—
Solution: For singular matrix A
[A[=0 =-8-3k=0 =k=="

-8
Answer: ( a) Y
(16) For what value of k the points (k,7), (-4,5) and (1,-5) are collinear
(a)3  (b)-3  (c¢)-5 (d)2

Solution: Three points are collinear when Area of triangle is Zero.
k7 1
-4 5 1
1 -5 1
=k(5+5) -7 (-4-1) + 1 (20-5)=0

=10k +35+15=0 = k=-5
________________________________________________________________________________________________|
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Answer: (¢) -5
(A7) IfA = [2 _1] and B =[1 4] then value of 3A -2B is

(a )[4 11] (b)[ 4 11] [ —111] (d)[_45 —_111]

Solution: 3A-2B=3[§ 11]-2[7 ! :[9 —33]_[124 ﬂ:[ _45 —_111

Answer: (d) [ 4 _11]
(18) If A = [ 4] and B [ ]then value of A’ -2B is
@[3} <b>[ 2@l 7 ol 7
Solution: A = [i _3 4] ,
A= [2 —14]

S A A X N B P B ey
Answer: (¢) [_67 _45]
2 0 0

0 2 O] represent

0 0 2
(a) Identity Matrix (' b) Scalar Matrix (c¢) Column Matrix  ( d) Row Matrix

Solution: A diagonal matrix whose all the elements are equal is a scalar matrix.
Answer :( b ) Scalar Matrix

(20) The minor of element 3 in A = |_7 4 5| is
(a) -4 (b)-3  (c)-7 (d)5
Answer (a)-4

21H A= [4 _6]andB [1 _zz]then

(a)Only AB is defined (b) Only BA 1is defined
(c ) AB and BA both are defined (d) AB and BA both are not defined
Solution: Multiplication AB is defined if number of columns of A =no. of rows of B
Answer: (b) Only BA is defined
ASSERTION REASON BASED QUESTIONS

(19) Matrix A =

*In the following questions , a statement of assertion (A) is followed by a statement of reason (R). Choose
the correct answer out of the following choices.

(a) A and R both true and R is correct explanation of A.

(b)A and R both true but R is not a correct explanation of A.

(c)A is true but R is false.

( d)A is false but R is true.

. .M 0 .5 [0 0 _
(1) Assertion (A) :If matrix A = [2 _ 0] and matrix B = [_ 1 4] then AB = O.

Reason (R): Multiplication of matrices A and B or AB is defined if number of columns of A =number
of rows of B.
0—-0 0+4+01_(0 O
Solution: AB = [2 —0] [ 1 4] [0 +0 0-0 _[0 0
|
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Answer: (a)

1 0 0
(2) Assertion (A) : Matrix B=|0 1 O] represent identity matrix.
0 0 1

Reason (R): A diagonal matrix whose all the elements are 1 is identity matrix.
Answer: (a)

1 0 0
(3) Assertion (A): Matrix A=|0 1 0] and matrix B = LZL _51 _3 6] then order of matrix AB is 3
0 0 1
X 3.
Reason (R): If order of matrix A is m X n and order of matrix B is n X p then order of matrix A XB
ism X P.
Answer: (d)
2 x—3 x-—2
(4) Assertion (A): IfA=|3 -2 -1 ‘ is a symmetric, then x = 6.
4 -1 -5

Reason (R): If A is symmetric matrix then A=A’ .

2 x—3 x—2
Solution: A=|3 =2 -1 ]
4 -1 -5
Whenx =6
[2 6—3 6—2 2 3 4
A=13 =2 -1 =13 -2 —1‘
4 -1 -5 4 -1 -5
2 3 4
A’=|3 —2 —1| Hence A’=A
4 -1 -5

Answer: (a)
(5) Assertion (A): If the order of A is 3X4, the order of B is 34 and the order of C is 5X4, then the order
of (ATB)CT is 4%5.

Reason (R): If order of matrix A is m X n and order of matrix B is nXp then order of matrix

A XBism X P. Also, A be a matrix of order mXn then the order of transpose matrix isn X m
Answer: (a)

(6) Assertion (A): If A is a skew-symmetric matrix , then A? is a symmetric matrix.

Reason (R): If A is a skew-symmetric matrix , then A’ = -A.
Answer: (a)

(7) Assertion (A):The area of the triangle whose vertices are (3,8),(-4,2) and (5,1) is % Sq.

units.
Reason (R): The area of the triangle whose vertices are (x1,y1),( X2,y2) and (X3,y3) is
x1 y1 1
X, Y2 1|Sq. units.
X3 y3 1
¥ N 1 3 81
Solution: Area of A== |x; ¥y, 1j=-(-4 2 1
x3 y3 1 5 11
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= {3(2-1) — 8(-4-5) +1(-4-10)} = ~{3+72-14}= X 61 = =-Sq_ units.

Answer: ( a)
3 2
(8)  Assertion (A): IfA=[2 —3 4],B=[2|,X=[1 2 3],Y=|3]|then AB + XY =[28].
2 4

Reason (R): If order of matrix A is m X n and order of matrix B is n X p then order of
matrix A X B is m X P. Also addition of two matrices is defined, if matrices
are of the same order.

3
Solution: AB=[2 —3 4] 2] =[6—6+8]=8]
2
2
XY=[1 2 3] [3 =[2 4+ 6 + 12]=[20]
4

AB + XY =[8]+[20] =[28]
Answer: (a)
(9)  Assertion (A): If A is a non-singular square matrix of order 3 and A? = 2A, then the value
of [Alis 8.
Reason (R):When A is non-singular square matrix, then matrix A is invertible and A'A =
I. Also I kA I =Kk" IAI, where n is order of square matrix.
Answer: (a)
(10)  Assertion (A):If the area of the triangle whose vertices are (-3,0),(3,0) and (0,k) is 9 Sq.
units then value of k is + 3.

Reason (R): The area of the triangle whose vertices are (x1,y1),( X2,y2) and (x3,y3) is %

xp y 1
X, Y2 1|Sq. units.

x3 y3 1

L xp yp 1

Solution: Area of A = SX2 Y2 1

x3 Y3 1
L -3 0 1
9 = S[3 01
0 k 1

%{-3(O-k) —0(3-0) +1(3k-0)} =§(3k- 0 + 3k)
6k =+18 s k=43
Answer: (a)

VERY SHORT ANSWER TYPE QUESTIONS

3 4
andQT=[1 2 1

-1 2 -
0 1 1 2 3

(1) Find the value of P — Q where P =

-1 1
Solution: QT = [_11 g é] =Q= [ 2 2]
1 3
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3 4] [-1 1 4 3
P—QZ[—l 2‘-[2 2‘21—3 0]
0 1 1 31 -1 -2

@) Ifz[g ;‘:]+(1) ﬂ :[170 g] then find (x-y).

Solution: [160 28x]+[(1) ] [10 5]

= [170 28xtry1] [10 5]
8+y =0 = y=-8
2x+1=5 = x=2

LX—y=2+8=10

(3)IfA = [g 2 2| andka= [ 3%]. then find the value of k, a and b.

2b 24
Solution: kAZk[ _4] [Sk _4k
zob 24] 3k —4k
s -4k=24=>k=-6

3a=2k=2 X (-6)=-12 >a=-4
2b=3k=3 X (-6)=-18 =b=-9
(4 )Find a matrix A such that 2A —3B +5 C=0, where B = [2 2 O]C[
Solution: 2A -3B+5C=0
2A=3B-5C

I NI A e P R ety b

71 el

'A_[ 13 —1 —59]

3c+6 a—-dl_T[12 2]

(5)If[a+d 2—3b]_[ _a then find the value of ab-cd.
. [3c+6 a-—d 12

Solution: a+d 2—3b [ 4]

= 3c+6=12 =c=2

Again, 2 -3b=-4 =-3b=-6 =b=2
Now,a—d=2and a+d=-8

Adding,2 a=-6 = a=-3 = d=a-2=-3-2=-5
~ab-cd=-6—-(-10)=4

0 1 1

1 0 1Y,
1 1 0

then find the value of A% — A.

0 1 17110 1 1
1 0 1‘[1 0 1]
1 1 01 1 0
0+1+1 0+0+1 0+1+0
=|0+0+1 1+0+1 1+0+0

0+1+0 1+0+4+0 1+1+40

(OIfA =

Solution: A=A X A=

________________________________________________________________________________________________|
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2 1 1
=[1 2 1]
1 1 2
2 1 11 [0 1 1 2 0 0 1 0 O
1 2 1]-[1 0 1]2[0 2 0]22[0 1 O]ZZI

1 1 2111 1 0 0 0 2 0 0 1

AP-A=

(MHIf [a -glg_ 4 EZ] = [Za; 2 ab—+ éb] then find the value of a-2b.

) a+4 3b 2a+2 b+2
Solutlon:[ 8 —6]_[ 8 a — 8b
=a+4=2a+2 =a=2
Also3b=b+2 =b-=l1
=a—-2b=2-2=0

0 2b -2
) f matrix A=|3 1 3 ] is given to be symmetric then find the value of a and b.
3a 3 -1
0 2b -2
Solution: A=|3 1 3 ]is symmetric.
3a 3 -1
—2b=3 =—=b=>
Again,3a=-2 = a= _?2
1 2 2
(9) If matrix A = [ 2 1 x ] is a matrix satisfying AA’= 9 I then find the value of x.
-2 2 -1
[1 2 -=2]
Solution: A’=12 1 2
2 x —1i
AA=91
1 2 271 2 =2 1 0 0
[2 1 x]Zl 2=9[010]
-2 2 —-1112 x -1 0 0 1
[ 1+4+4 242+4+2x —-2+4-2 9 0 O
= |[2+24+2x 4+1+x* —4+2-—x =[0 9 0]
—24+4-2 —44+2—-x 4+4+1 0 0 9
[ 9 4 + 2x 0 9 0 O
=|4+2x 5+x2 —-2-—x|=|0 9 O]
0 -2 —x 9 0 0 9

=4 +2x=0 =x=-2
also 5 4+ x?=9 = x?=4 =x=+42

(10)IfA = [_2 1 _21] and 1 is the identity matrix of order 2 , then show that A? - 4A + 3 1=0.
a2 _[2 -1 2 —-11_[14+1 -2-21_15 -4
Solution: A=A x A=[ % [ 5 =[50 1+4] [—4 5]

LHS=A2-4A+31=[_54 _54]-4[_21 _21]”[(1) (1)
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=[ 5 —4] i [ 8 —4] n [g ] 54 +84++30 —54_+84++30 _ [8 8]= O = RHS
a 3 4
(I1DIf |1 2 1| =0, then find the value of a.
1 4 1

Solution: a(2-4) —3(1-1) +4(4-2) =0
= -2a-0+8=0 = a=4
x+y y+z z+x
z X y
-3 -3 -3
Solution: = (x+y)(-3x+3y) — (y+z)(-3z+3y) +(z+x)(-3z+3x)
=-3x2 + 3xy -3xy+3y? + 3yz — 3y? + 372? -3yz - 32> +3xz - 3xz + 3x> =0

(13) If |28x 355|: |§ _32| then find the value of x.
|2x 5|:|6 —2|

(12)If A = then find the value of | A |.

Solution:

= 2x% - 40 =18 + 14=2x? = 72=x? =36=x=+ 6

(14) IfA = [ 1] B= [ 2] C= [2 5] find a matrix D such that CD — AB = 0.
4r 3 8

Solution: LetD = [c d]

=CD-AB=0
:CD—AB

=[5 dlle d 316

=>2a+56 2b+5d] 0—7 4—4

13a +8c 3b+8d 15+28 6+ 16
[2a +5¢c 2b+ Sd] [ 3
13a +8c 3b+8dl 143 22
=2a+5¢c=3

=

=6¢c+15¢=9 ............ (1)

= 3a + 8¢ =43

=6c+16¢c=286......... (i1)

Equn. (i) — (i)=2a=3-5¢=3-5%x77=3-385=-382 = =-|9
= 2b+5d =0=6b+15d=0 ........... (111)

= 3b+8d=22=6b+16d=44 ............. (iv)

Equn. (ii1) — (iv) = d=44

2b=-5d=-5x44=-220b=-110
[ ] [191 —110
c

(15)IfA = [1 %] then find A-‘.
Solution: LetA=[i :4] |A|=-3+4=1
w8 a0

1Al -1 3
|
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16 1A= ’ _73] then show that 2A™" = 9T — A.

Soln. Let A = [24 _73] Adj (A)=L7L 2]

A= Adj (A) = [

LHS =24" =2x 37 ;] Z[Z 2]3 o o
- —3] (7

RHS:9I—A:9[0 1 ‘[_4 7]:[0 9]'[—4 7]:[4 2]

LHS =RHS

(17) If A and B are square matrices of order 3 such that | A |=-1, | B | = 3, then find the value of | 2 AB |.
Solution: | kA |= k" |A]

|2 AB | =2%|A| |B| = 8 x (-1)(3) = -24

3 —4 5
(18) Evaluate the determinant of matrix [1 1 —2].
2 3 1
3 —4 5
Solution: Let A=|1 1 —2‘
2 3 1
| Al = 3(1+6) + 4 (1+4) + 5(3-2)= 21+20+ 5 = 46.
6 0 1
(19)IfA=|0 1 2|, thenshowthat|2A|=8|A]|.
0 0 4
6 0 1 6 0 1 12 0 2
Solution: A=|0 1 2| =2A=2|0 1 2|=|10 2 4
0 0 4 0 0 4 0 0 8

=|2A | =12(16-0)— 0 (0 — 0) + 2 (0 — 0) = 192
=|A|=6(4-0)-0(0-0)+1(0-0)=24 =8| A|=8x24=192
So,[2A =8| A

(20) If A = [’2’ ;] and |A® |=125, then find the values of p.

Solution: | A |=p* -4
Here, | A3|=125=5 = |A|=5=p’-4=5=p=4%3
SHORT ANSWER TYPE QUESTIONS

(1) Find the inverse of the matrix [_3 _23] Hence, find the matrix P satisfying the matrix equation

5
P[_53 —23] B B —21]
Solution: Let A = [_53 _23] Hence |A|=9-10=-1

adi(A)=[23 2
A=A =5[23 I3
|

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 36




Given that, P[_53 _23] - B _21]

_[1 2 _ a1 27_713 2111 271_[13 8
pasl, S =rearly Sl Al Sl
(2) Mohan decided to donate money to children of an orphanage home. If there were 8 children less,

everyone would have got Rs 10 more. However, if there were 16 children more, everyone would have got
Rs10 less. Using matrix method, find the number of children and the amount distributed by Mohan.

Soln. Let the number of children be x and the amount distributed by Mohan for 1 student by

Rs.y.

x=5)(y+10)=xy =5x—-4y=40 ......... (1)

=Again (x+16)(y-10)=xy =5x-8y=-50 .......... (i1)
_[5 —4 _[* _[40

LetA—[5 —a-x=[].B=] "%,

| A|=-40+20=-20

-8 4

AGA=]"¢ ¢

G g AL [8 4
A =1 Adj (A) _20[_5 :

IAI

Now, AX =B

So,X=A"B= —+
—20

x=[y]= [3]

So,x=32,y=30

—8 417140 1__1 [—320 — 3207__1 [—640
%5 5l Ze0l |
-5 511-80J -201-200-4001 -20L-600

The number of children x = 32

and the amount distributed = y = Rs.30

(3) Using determinant show that points A(a, b+c), B(b, c+a), C(c, a+b) are collinear.
Solution: Points are collinear when A =0

X1 Y1 1
X Y2 1
X3 y3 1

A:
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a b+c 1
b c+a 1
c a+b 1

A:

=a{(cta) — (atb)}-(b+c)(b-c) + 1 {b(at+b) - c(ct+a)}
=ac—ab-b*+c?+ab+b*-c?—ac=0
So, points A, B and C are collinear.

(4)Find the equation of line joining (1,2) and (3,6) using determinants.

x y 1
Solution: Equation of the line joining the point (x4, y;) and (x5, y;) is x1 Y1 1[=0
X2 Y2 1
x y 1
=11 2 1|=0=x(2-6)—y(1-3) +1(6-6) =0 =-4x +2y=0
3 6 1

=4x-2y=0=2x-y=0
37 6 8] . . Gl Al
(5) LetA—[2 5] andB—[7 9],Ver1fythat(AB) —BTA",

67 87

Solution: A X B = [3 Z] [g g] N [47 61

=| AB | =67 X 61 —47 X 87 =4087 —4089 = -2

161 —87
—Adj(AB)=[ . 70

W1 1761 —87]_1[—61 87
= (AB)" =75, Adj (AB) —2[—47 67] 2l 47 —67
IA[=15-14=1

w5, 7]

A" :ﬁAdj (A) :% [_52 _37] - [_52 _37]
IB|=54—56=-2

(%

Bl=mmad @) =57 =55
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KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 38




S [—52 N _3L;5 N 12 _ao 18

_1[—61 87
2l 47 —67
(ABy' =B A"l

(6) The cost of 4 kg potato, 3 kg tomato and 2 kg onion is Rs 250 . The cost of 2 kg potato, 4 kg tomato
and 6 kg onion is Rs 300. The cost of 6 kg potato, 2 kg tomato and 3 kg onion is Rs 200. Find the cost of
each item per kg by matrix method.

Solution: Let cost of 1 kg potato = Rs x, cost of 1 kg tomato = Rs y & cost of 1 kg onion = Rs z.
According to question 4x+3y+2z=250:2x+4y+6z=300:6x+2y+32z=200

4 3 2 x 250
A=|2 4 6 ,XZIyl, B=(300
6 2 3 z 200

|A[=4(12-12)-3(6-36)+2(4-24)=4X 0-3(-30) + 2 (-20)
=0+90-40=50 %0

= A is a non-singular matrix and system has a unique solution.

Co-factors of elements of A are :

=A11=(12-12)=0, Aio=-(6-36 ) =30, A;3=(4-24)=-20

=A2=-(9-4)=-5An=-(12-12)=0,A»=-(8-18)=10

=A31=18-8=10,A3=-(24-4)=-20,A3=16-6=10

0 -5 10
Adi(A)=[30 0 —20
—20 10 10
0 -5 10
Al=—Adj(A)==[30 0 -20
[A] 50
—20 10 10
Since, AX=B
0 =5 10 [[250
HenceX=A'1B=5—10 30 0 —20 [300]
—20 10 10 [l200
0 =5 10 |[4]
=130 0 -20 [6
—20 10 10 ll4.
X 0—30+40 1 [10
N H =] 120 + 0— 80 |= [40]
zl =80 + 60 + 40l 120

So, cost of 1 kg potato = Rs x = Rs 10.
cost of 1 kg tomato = Rs y = Rs 40, and cost of 1 kg onion = Rs z=Rs 20
(7) Show that the points (a+5, a-4), (a-2, a+3), and (a, a) do not lie on a straight line for any value of a.

Solution: Points are collinear when A =0

L X Yy 1 e +5 a — 4 1
A :E Xy Yo 1| = A :5 a — 2 a+ 3 1
X3 ys 1 a a 1

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 39




N |-

[@+5)at3-a)—(a-4)(a—2-a)+ 1{a(a-2)-a(a+ 3)}]

N |-

[Ba+t15+2a-8+a’—2a-a’~3a]=2 #0
Hence, given points form a triangle. So, given points do not lie in a straight line.

(8) Using determinants find the area of AABC with vertices A(3,1), B(9,3) and C(5,7). Also find the
equation of line AB using determinants.

L x1 y1 1 L 3 1 )
Solution:A=; X, Yo 1 =-19 3 1 =5{3(3—7)—1(9—5)+1(63—15)}
x3 y3 1 5 7

= %{_12 —4+48} =16 Sq. Unit

x y 1
Equation of the line joining the point (x4, y;) and (x5, y>) X1 Y1 1]=0
X Y2 1
x y 1
=13 1 1[=0 =x(1-3)-y3-9)+109-9)=0
9 3 1

=-2x+6y=0=x-3y=0

1 2 3
(9)Express the matrix A =|—4 —1 O]. as the sum of a symmetric and a skew-symmetric matrix.
3 5 1
1 2 3 1 -4 3
Solution: A=|-4 -1 0| A’=[2 -1 5
3 5 1 3 0 1
. L 1 2 3 1 -4 3 L 2 =2 6
LetPZE(A+A’) =>4 -1 0 +f2 -1 5 =2 -2 5
3 5 1 3 0 1 6 5 2
1 -1 3
-1 -1 2
- 2
3 - 1
1 -1 3
-1 -1 2
P’ = 2|=P
3 - 1

LetQ==(A-A")
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0 3 0
1 2 3 1 -4 3 . 0 6 0 3 0 5
=1-4 -1 0| —-|2 -1 5 =6 0 =5 =" T2
3 5 1 3 0 1 0 5 0 o 2 o
2
0 =3 0]
3 0 2
=- 2| HereQ =-Q
0 —> 0
1 -1 3 0 3 0
1 1 S 3 0 5 1 2 3
P+Q=|"" - 2|+ T 2|=|-4 -1 0|=A
3 5 9 0o 2 o 3 5 1
2 2
. . _[—1 13 _[5 -8
(1O)F1nanndY1fX+Y—[2 4]andX-Y—[3 O]'
. _[-1 13 . _[5 -8 ..
SOlutIOH.X+Y—[2 4] (1) X—Y—[3 O] ....... (i1)
5 S
. . _[-1 13 5 -8]_14 5 _114 5]_ 2
Equn.(1)+(11)=>2X—[2 4]+[3 0]—[5 a) X 2[5 4] 5,
2
3 2
N e _[-1 131 [5 -8]_[-6 21 B Y
Equn.(1)—(11)z>2Y—[2 4]—[3 0]—[_1 4] Y -
2
(11) Solve the following system of equations using Cramer’s rule
x+y+z=10,2x+y=13andx +y - 4z=0.
Soln. Convert given equation in matrix form
1 1 17 10
2 1 0 }’lz 13
1 1 —4ilz 0
1 1 1
A=|2 1 0 |=1(-4-0) -1(-8+0) +1(2-1) = -4+8 +1=5+0
1 1 —4
10 1 1
Ax=|13 1 0 |=10(-4-0)-1(-52-0) + 1(13-0) = -40 +52 + 13 =25
0 1 -4
1 10 1
Ay=[2 13 0 | =1(-52-0) -10(-8-0) +1(0-13) =-52 +80 -13 =15
1 0 -4
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1 1 10
Az=|2 1 13[=1(0-13)-1(0-13) +10(2-1)=-13 +13 +10=10
1 1 0
A s A s A5
(12) A= [i :;] Find one such matrix B such A + B is a skew-symmetric matrix .

Soln. Let B = [CCL 2]

34+ a 1+¢
—1+b -2+4+d

a bl [3+a —-1+0b

A+B:E :%]Jr[c dl 11+ ¢ -2+ d]:>(A+B)’:

—A+B=-(A+B)

34+ a —1+b_[3+a 1+c¢

_. aa o
1+c —2+dl "l-1+0p —2+d]=>3 a=-3-a=2a=-6=a=-3
Again,-1+b=-1-c = b+c=0=b=-c

-3 b

Again, -2 +d =2- d=>2d =4=d =2, Hence, B = [—b 5

LONG ANSWER TYPE QUESTIONS

2 =3 5
(DIfA=|3 2 —4|. Then find A!'. Using A", solve the following system of equations :
1 1 =2

2x —3y+5z=11

3x+2y—-4z=-5

xty—-2z=-3
2 -3 5
Solution: A=|3 2 —4
1 1 =2
2 -3 5
|A| =|3 2 —4| =2(-4+4) + 3(-6+4)+5(3-2) =0 -6+ 5=-1 # 0 Hence A" exists.
1 1 =2

Co-factors of elements of A are :
=A11=(-4+4)=0, A1=-(-6+4)=2,As=3-2)=1
=A=-(6-5)=-1,An=(4-5)=-9,An=-2+3)=-5

=A31=12-10=2,A3=-(-8—-15)=23,A33=4+9=13
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T

0o 2 11" |0 -1 2
=Adj(A)=|-1 -9 -5 =2 -9 23
2 23 131 1 -5 13

0 -1 2| |0 1 =2

Al=—Adj(A)==2 -9 23|=|-2 9 -23

1 -5 13l l-1 5 -13

Matrix Equation is

2 =3 57 [11
3 2 -4 l}’lZ—S
1 1 =2itzl -3
Since, AX=B
1 11
=X=A'B= —23
—13
0-5+6
ll —22 — 45+ 69 2 Hence ,x=1,y=2and z=3
—11 — 25+ 39 3

-4 4 4711 -1 1
(2) Determine the product | -7 1 311 -2 -2
5 -3 1112 1 3

and use it to solve the system of equations.

X-ytz=4,x-2y-22=9,2x+y+3z=1.

—4 4 4 1 -1 1
Solution: Let A = 7 1 3landB = |1 -2 =2
-3 -1 2 1 3
—4
AB = 7
—3 —1
-4 +44+8 4-84+4 —4-8+12 8 0 O
-74+1+6 7 —2+3 -7—-—2+9] =0 8 0
5-3-2 -546-1 5+46-3 0 0 8
=81 .......... (1)

Matrix Equation

1 -1 17 4
1 -2 =2 M: 9

z 1
Since, BX=C

2 1 3
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From Equn. (i)

ABB™Y Al

1=22 Multiply by B! = 1B =22— =2

w1 -4 4 411T[4
From Equn. (ii) , X=B!C====|-7 1 3119

° s -3 -l

X1 24 3
= [yl = —16|=|-2
z -8 -1

(3) A shopkeeper has 3 varieties of pencils A, B and C. Sohan purchased 1 pencil of each varieties for a
total of Rs 21. Mohan purchased 4 pencils of A variety , 3 pencils of B variety, and 2 pencils of C variety

for Rs 60. While Sita purchased 6 pencils of A variety, 2 pencils of B variety, and 3 pencils of C variety
for Rs.70. Using matrix method find cost of each variety of pencils.

—16+36+4
—28+9+3
20—-27-1

Hence,x=3,y=-2,z=-1

ool M

Solution: Let Rs x, Rs y and Rs z be cost of variety A, B and C respectively.
According to question,

x+y+z=21

4x + 3y + 2z =60

6x +2y+3z=170

In Matrix form

1 1 1
4 3 2
6 2 3

11 1
A|=|4 3 2
6 2 3

A:

x 21
, X Z[yl, B= {60
70

Z

|A|=109-4)-1(12-12)+1(8-18)=5-0-10=-5#0
Hence A™! exists.

Co-factors of elements of A are :
=An=9-4)=5,A1=-(12-12)=0,A13=(8-18)=-10
=A=-3-2)=-1,An=(3-6)=-3,Ann=-(2-6)=4
=A31=2-3=-1,An=-(2-4)=2,A33=34=-1
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5 0 -10 5 -1 -1
Adji(A)=|-1 -3 4 |=|l0 -3 2
-1 2 -1 -10 4 -1
L L 5 -1 -1
B : _
-10 4 -1
L 5 -1 -1]121
X=A‘1B=_—5 0 -3 2]|60
—-10 4 —11170
1'105—60—70
== 0 — 180 + 140
|—210 4+ 240 — 70
1'—25]
== — 40
[— 40
5
=18
8l

Hence,x =35, y=8,z=8
Hence, cost of variety A = Rs.5, Hence, cost of variety B=Rs.8,

and Hence, cost of variety C = Rs.8.

2 3 10
@@ MIfA=|14 -6 5 ‘ Then find A™!. Using A”!, solve the following system of equations :
6 9 =20
3+§+E:2;E_E+E:5;E+2_Q:_4_
X y Z Xy Z X y z
2 3 10
Solution: Let A=(4 -6 5
6 9 =20
2 3 10
|A|=14 -6 5
6 9 =20

|A|=2(120—45)—3(- 80 —30) + 10 (36 + 36 )
—2X75-3%(-110)+10 x 72
=150 + 330 + 720

=1200 # 0
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Hence A exists.

Co-factors of elements of A are :

=An=(120-45)=75, Ai=-(-80-30) =110, A13=(36 +36) =72
=A21=-(-60—-90) =150, A2z = (-40 - 60) =-100, A3 =-(18-18 )=0
=A3 =15+60="75, As2=-(10—-40 ) =30, A33=-12-12 =-24

75 110 72 |T
150 —100 O
75 30 —24

75 150 75
110 -100 30

75 150 75
=(110 -100 30
72 0 — 24

Adj (A)=

Al———Am(A)—4L

1200
72 0 — 24

Consider the equations

2,3, 10 4 6,5 6,9 20

_+_+_:2;___+_:5’_+___:_4

x 'y Zz Xy z x y z

In matrix equation

1
—20 o -
z
Since, AX=B
75 150 75 [ 2
_ -1 _
=X=-A"B=——|110 -100 30 |5
72 0 —24ll-a
_l_
i| L[S0 + 750 — 300
= |2 =—| 220 — 500 - 120
1 144 +0 +96
-]

s 600
~ Tz200 |~ 400

240

N:|»-H<|H><|+

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 46




NIRSL|[RR]|R
Il
|
mIleHNIH

R
Il
N |-
Il
Wk

1_
z

vl =

b

IR

Hence,x=2, y=-3,z=5
CASE BASED QUESTIONS (4 MARKS QUESTIONS)

(1) Read the following text and answer the following questions on the basis of the same:
A manufacturer produces three stationary products pen, pencil and eraser which he sells in two markets
. Annual sales are indicated below:

MARKET/ PEN PENCIL ERASER
PRODUCTS
A 10,000 2,000 18,000
B 6,000 20,000 8,000

If the unit sale price of pen , pencil and eraser are Rs. 2.50, Rs. 1.50 and Rs. 1.00 respectively and unit
cost of the above three commodities are Rs. 2.00, Rs. 1.00 and Rs. 1.00 respectively ,then based on the
above information answer the following:

(1)Find the total revenue of market A .

Solution: Let A =[10000 2000 18000]
2.50
1.50
1.00

and B =
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AB = 10000 x 2.50 +2000 x1.50 + 18000 x1.00
=25000 +3000 + 18000 = 46000

The total revenue of market A = Rs. 46000.

(i1)Find the total revenue of market B .

Solution: Let C=[6000 20000 8000]
2.50
1.50

1.00
CD = 6000 x 2.50 + 20000 x 1.50 + 8000 x 1.00

= 15000 + 30000 + 8000 = Rs.53000
The total revenue of market B = Rs. 53000.
(ii1)Find the gross profit in both market.

10000 2000 18000][2001

and D =

Solution:TotalCostPrice=[6000 20000 18000 1.00

1.00
:[ 20000 + 2000 + 18000

12000 + 20000 + 18000
_[40000

150000
Total Cost Price of both market = Rs. 50000 + Rs. 40000 =Rs. 90000

The total revenue of both the market = Rs. 53000 + Rs. 46000

=Rs. 99000
Hence, The gross profit in both market = Rs. 99000 - Rs. 90000 = Rs. 9000
(2) Read the following text and answer the following questions on the basis of the same:
Two farmers Ravi and Ramu cultivate only three varieties of pulses namely Urad, Masoor and Mung .
The sale of these varieties of pulses for both the farmers in the month of September and October are given
by the following matrices A and B.

ANE

September sales in (Rs.) (Matrix A )
Urad Masoor Mung
Ravi 20000 10000 30000
Ramu 30000 50000 10000
October sales in (Rs.) (Matrix B))
Urad Masoor Mung
Ravi 4000 10000 9000
Ramu 5000 10000 8000
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Answer the following question with the help of above information.
Using algebra of matrices answer the following questions.
(1) Find the combined sales of Masoor and Moong in September and October for farmer Ramu .
Solution: The combined sales of Masoor and Moong in September and October for farmer Ramu
=[50000 10000 ] +[10000 8000 ]
=[60000 18000 ]
=Rs. 78000
(1)  Find the combined sales of Urad and Masoor in September and October for farmer Ravi .
Solution: The combined sales of Masoor and Urad in September and October for farmer Ramu
=[20000 10000 | + [4000 10000 ]
= [24000 20000 |
=Rs. 44000
(3)Read the following text and answer the following questions on the basis of the same:
Three DPS, CVC and KVS decided to organize a fair for collecting money for helping the flood
victims. They sold handmade fans , mats and plates from recycled material at a cost Rs 25, Rs100 and
Rs50 each respectively . The numbers of articles sold are given as:

School/Article DPS CVS KVS
Handmade fans 40 25 35
Mats 50 40 50
Plates 20 30 40

(1)What is the total money (in Rupees) collected by the school DPS ?

Solution: The total money (in Rupees) collected by the school DPS

25
=[40 50 20] [100] = 1000 + 5000 + 1000 = Rs.7000
50

(i1) What is the total amount of money (in Rupees) collected by schools CVS ?

Solution: The total money (in Rupees) collected by the school CVS
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25
=[25 40 30] llOO] =625 +4000 + 1500 = Rs.6125
50

(i11))What is the total amount of money collected by all three schools DPS, CVS, and KVS ?

Solution: The total amount of money collected by all three schools KVS

25
=[35 50 40] [100] =875+ 5000+2000 = Rs.7875
50

The total amount of money collected by all three schools DPS, CVS, and KVS = Rs.7000 + Rs.6125 +
Rs.7875

=Rs.21000

HIGHER ORDER THINKING SKILLS

0 1 1 )
(1)Find ATifA=|1 0 1‘ and show that A" = 2231
1 1 0
0 1 1
Solution: Giventhat, A=[1 0 1
1 1 0

|A] =00-1)-1(0-1)+1(1-0)=0+1+1=2+#0
Hence, A exists.

Co-factors are,
=A1=0-1)=-1,An=-0-1)=1,A=(1-0)=1
=A=-0-1)=1,An=0-1)=-1,An=-(0-1)=1

=A31=1-0=1,A»=-(0-1)=1,A33=0-1 =-1

-1 1 11" 1-1 1 1
Adj.(A)==|1 -1 1]|=[1 -1 1
1 1 -1 1 1 -1
-1 1 1

A‘E%Adj(A):% 1 -1 1‘
1 1 -1

0 1 11/0 1 1 0+1+1 0+04+1 0+1+40
A’=AxA=|1 0 1|]1 0 1 =l0+0+1 1+0+1 1+04+0
1 1 oll1 1 0 0+1+0 14+040 1+1+40
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2 1 1
=11 2 1

1 1 2

e 421 1] B OO
—=-111 2 1| -|0 3 0
1t 12 loo 3

[—1 1 1

1 -1 1]|=A"

1 1 -1

1 2 0
-2 -1 —2] ,equation then find the value of AL,

0 -1 1

QIfA =

Using A, solve the system of linear equations

x—2y=10,2x-y—-z=8,and -2y +z=7

1 2 0
Solution: Let A= |-2 —1 =2
0o -1 1

|A|=1(-1-2)-2(2+0)+0(2-0)

=3+4 =1+#0 Hence, A exists.
Co-factors are,
=A=(-1-2)=-3,A1=-(-2+0)=2,A3=(2-0)=2
=A1=-2-0)=-2,An=(1-0)=1,An=-(-1-0)=1
=A31=-4+0=-4,An=-(2410)=2,Ax3s=-1+4=3

-3 2 217" -3 -2 -4
-2 1 1l=12 1 2
2 1 3

Adj. (A)=

-4 2 3
o ‘ L -3 -2 -4 -3 -2 -4
A'zmAdj(A)ZI 2 1 2 |=12 1 2

2 1 3 2 1 3

This is the form of CX =D
Matrix Equation
1 -2 07rx 10
[2 -1 -1 [yl: 8
0 —2 11tz 7

1 -2 0 X 10
Where, C=12 -1 —1,X=[yl,D= 8‘

0 -2 1 z 7

We know that [AT]1=[471]T

1 2 0
C'=|-2 -1 -2|=A
0 -1 1

________________________________________________________________________________________________|
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-3 2 2][10] —-30 + 16 + 14 0
X=C' -2 1 1”8 =[—20+8+7 =[—5]
-4 2 3117 —40 + 16 + 21 -3
~x=0,y=-5z=-3
2 2 -4 1 -1 0
(3)Given A=[—4 2 —4|andB=|2 3 4], then find BA and use this to solve the system of
2 -1 5 0 1 2
equations

y+2z=7,x—y=3,and 2x + 3y + 4z =17.

1 -1 012 2 —4
Solution: BA=|2 3 4] [—4 2 —4
0 1 21L2 -1 5
2+4+0 2—-2-0 -4 +4+4+0 6 0 O
=14 —-—12+8 4+6 -4 -8-—12 + 20 =[060]=6I
0—4 +4 0+2-2 0—4+ 10 0 0 6
2 2 —4
B'1=—=%[—4 2 -4
2 -1 5

The given equations in Matrix form is

[ —1 0
x 1 —1 0‘1
sz l Y]
zl o

—4
[4 2 —4] 17]
2 -1 5117
6 + 34 — 28] [12 2
—12+34—-28 =g[—6]=[—1]

6 — 17 + 351
~x=2,y=-1,z=4

17

=

[ N

EXERCISE

MULTIPLE CHOICE QUESTIONS

(1) Value of k, for which A = is a singular matrix :

A
4 2k
(a) 4 (b)-4 (c)0 (d)t4

( 2 ) Given that matrices A and B are of order 3 X n and m X 5 respectively , then the order of matrix C =
5A+3Bis

@3 x5 ((bS5x3 (c)3x3 (d)5x%x5
( 3) Total number of possible matrices of order 3 X3 with each entry 2 or 0 is

(a) 64 (b)128  (c)5I2 (d)256
I
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1 0 O
(4) Thematrix |0 2 O0fisa

0 0 3
(‘a )Symmetric Matrix (b) Skew-Symmetric Matrix
(c ) None of these ( d) Identity Matrix
2x +y 4x1 _[7 7y — 13 .
(5)If [Sx _ 7 4x] = [y Y+ 6 then the value of x +y is

(a)x=3,y=1 (b)x=2,y=3 (c)x=2,y=4 (d)x=3,y=3
(6)Given that A is a square matrix of order 3 and | A | = -2, then

| ad j(2A) | is equal to

(a) -2° (b) 4 (c)-28 (d)28

2 5

(7)For matrix A = [_ 11 7

] , (adjA)’ is equal to

olif ol Jols Yol
(8)The value of x for which i chl = |i i

@2 V2  (c)-V2 (d)+2v2
(9 )For A =[_31 ;], then 14 Al is given by

2 -1 4 =2 2 -1 -3 -1
@iy Flel; ezl Sl 5
(10)If A and B are square matrices of the same order 3, such that | A | =2and AB =2 I, then the value of |
B|:
(a) 4 (b)-4 (c)0 (d)2

ASSERTION REASON BASED QUESTIONS

*In the following questions , a statement of assertion (A) is followed by a statement of reason (R). Choose
the correct answer out of the following choices.

(a) A and R both true and R is correct explanation of A.

(b)A and R both true but R is not a correct explanation of A.
(c)A is true but R is false.

( d)A is false but R is true.
-
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-1 4]

. a1 1 . n_[0 O _
(1) Assertion (A) :If matrix A = [2 1] and matrix B [_ 1 4] then AB [_ 1 4

Reason (R): Multiplication of matrices A and B or AB is defined if number of columns of A = number of
rows of B.

1 0 O
(2) Assertion (A) : Matrix B=|[0 2 O] represent identity matrix.
0 0 5

Reason (R): A diagonal matrix whose all the elements are 1 is identity matrix.

1 2 0
-1 1 Ofand

0 1 1

(3 )Assertion (A): Matrix A =

3

= 6] then order of matrix AB is 3 X 2.

matrix B = LZ} _51

Reason (R): If order of matrix A is m X n and order of matrix B is nXp then order of matrix A X B is m X
P.

2 y—3 y—2
(4) Assertion (A): IfA=[2 =2 —1 | is a symmetric, then x = 5.
3 -1 -5

Reason (R): If A is symmetric matrix then A=A’ .

(5) Assertion (A):The area of the triangle whose vertices are (2,7),(1,1) and (10,8) is % Sq. units.

x1 y1 1
Reason (R): The area of the triangle whose vertices are (x1,y1),( X2,y2) and (X3,y3) is % xy Yy, 1]Sq.
x3 y3 1

units.

(6) ) Assertion (A):For the value of k =-2 or 12 The area of the triangle whose vertices are (2,-6),(5,4) and
(k,4) 1s 35 Sq. units.

x1 y1 1
Reason (R): The area of the triangle whose vertices are (x1,y1),( X2,y2) and (X3,y3) 1s % x; Yy 1]Sq.
X3 y3 1
units.
VERY SHORT ANSWER TYPE QUESTIONS
0 a -3
(1) If matrix A=|2 0 —1]is given to be symmetric then find the value of a and b.
b 1 0

(2)Findthevalueofx—y,ifZ[}) i]+[31 g]z[sl g.

________________________________________________________________________________________________|
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200 50

GnrA=| 0

] and B = [520 43()] then find the value of | AB |.
(4)If area of triangle is 35 sq. units with vertices (2,-6), (5,4) and (k,4) then find the value of k.

(5)IfA = [_31 %] and T is the identity matrix of order 2 , then show that A2 - SA +71=0.

(6)If [; ﬂA[_53 _23]= [(1) (1)],then find matrix A.

SHORT ANSWER TYPE QUESTIONS

1 2 3
(DIfA=|3 -2 1], then show that A3 —23 A —401=0.
4 2 1
(2) Find the values of a and b if A =B, where A = [a -g 4 i};
2+ 2 b*+2
dB=
mdB= [
2 3 1
(3 ) Express the matrix [1 —1 2], as the sum of a symmetric and a skew-symmetric matrix.
4 1 2

@) IF A = B ‘12] .

Then using A | solve the system of equations x — 2y =-1, 2x +y = 2.

(5 )The sum of three numbers is 2. If twice the second number id added to the sum of first and third , the
sum is 1. By adding second and third number to five times the first number, we get 6 . Find the three
numbers by using matrices.

(6)Solve the following system of equations using Cramer’s rule
x+y+z=10,2x+y=13,x+y—-4z=0.

LONG ANSWER TYPE QUESTIONS

( 1) A school plans to award Rs.6000 in total to its students to reward for certain values- honesty, regularity
and hard work. When three times the award money for hard work is added to the award money given for
honesty amounts to Rs.11000. The award money for honesty and hard work together is double the award
money for regularity. Use matrix method to find the prize money for each category of award.

1 -1 21[-2 0 1

(2) Use the product [O 2 —3] [ 9 2 —3] solve the system of equations. x +3z=-9, - x + 2y —
3 -2 4 6 1 -2

2z=4,2x -3y +4z=-3.
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1 0 =2
(3)Show that the matrix , A=[—-2 -1 2
3 4 1

satisfies the equation A* — A2 —3A —I5=0. Hence, find A" .

CASE BASED QUESTIONS

Read the following text and answer the following questions on the basis of the same:
(1A trust fund has Rs.35,000 is to be invested in two different types of bonds . The first bond pays 8 %
interest per annum which will be given to be orphanage and second bond pays 10 % interest per annum
which will be given to an N. G. O . Trust fund obtains an annual total interest of Rs. 32,000.
(1)Find the invested money in first type of bond by matrix method.
(i1)Find the invested money in second type of bond by matrix method.
Read the following text and answer the following questions on the basis of the same:
(2) Two booksellers A and B sell the textbook of Mathematics and Applied Mathematics . In the month of
March , bookseller A sold 250 books of Mathematics and 400 books of Applied Mathematics whereas
bookseller B sold 230 books of Mathematics and 425 books of applied Mathematics . In the month of April
bookseller A sold 550 books of Mathematics and 300 books of Applied Mathematics and bookseller B sold
270 books of Mathematics and 450 books of Applied Mathematics .
(1) Find the total sale for bookseller A using matrix method .
(i1) Find the total sale for bookseller B using matrix method.

HIGHER ORDER THINKING SKILLS

(1) An amount of Rs.5000 is put into three investments at the rate of interest of 6 %, 7% and 8% per annum
respectively. The total annual income is Rs. 358. If the combined income from the first two investments is
RS.70 more than the income from the third, find the amount of each investment by matrix method.

-3 -2 -4 1 2 0
(2)IFA=|2 1 2|,B =|-2 —1 —2|thenfind AB.
2 1 3 0 -1 1

and use it to solve the system of equations.
x-2y=3,2x—-y—-z=2,-2y+z=3.

2 3 1
B)IfA=[1 2 2 |findA"
-3 1 -1

Using A, solve the system of linear equations

2x +y-3z=13,3 x +2y +z=4, and x+2y - z = 8.

(4) A mixture is to be made of three foods A,B,C. The three foods A,B, C contain nutrients P,Q,R as
shown below:

Ounces per pound of nutrients
Food P Q R
A 1 2 5
B 3 1 1
C 4 2 1

________________________________________________________________________________________________|
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How to form a mixture which will have 8 ounces of P, 5 ounces of Q and 7 ounces of R?
ANSWERS OF EXERCISE
MULTIPLE CHOICE QUESTIONS

()Nd)+4  (2)@3%x5  (3)(c)512 (4)(a)Symmetric Matrix (5)(b)x=2,y=3
Ot o) Y] ooz owm|t P 0@

ASSERTION REASON BASED QUESTIONS
(I)(a) @2)(d) (3)(a) (@(a) (5)(d) (6))(a)

VERY SHORT ANSWER TYPE QUESTIONS
(1)-2,b=3 (2)x—y=0 (3)| AB|=-7000 (4)k =-2 or 12.
(5)A2-5A+71=0. (6) [_711 _58]

SHORT ANSWER TYPE QUESTIONS ( 03 MARKS QUESTIONS)

(1)A3-23A-401=0. (2)a=2andb=2

2 2 21 Jo 1 =3

2 3 1 [ z] [ }
(3)[1 -1 2]= 2 -1 % -1 0 @) x=32 y=2
4 1 2 |s s | I 577 5

2 7 2 |

(5)1-12 (6)x=5,y=3,2=2
LONG ANSWER TYPE QUESTIONS ( 05 MARKS QUESTIONS)

(1) The award money for honesty = Rs.500,
The award money for regularity = Rs.2000
The award money for hard work = Rs.3500
(2)x=36,y=5,z=-15.
-9 -8 -2
8 7 2
-5 -4 -1
CASE BASED QUESTIONS (04 MARKS QUESTIONS)

(A =

( 1) ()Rs.15000, (i))Rs.20000 (2)(i)1500 (ii) 1375
HIGHER ORDER THINKING SKILLS

(1) x=Rs.1000, y =Rs.2200 and z=Rs.1800 (2)Ans.x=1,y=-1,z=1.

(3) Ans.x=1,y=2,z=-3.(4) Food A =1 pound, Food B = pound, Food C = 1 pound.
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UNIT-3

Mind Mapping
CALCULUS
[ 1 L
DIFFERENTIATION INTEGRATION DIES%]ZI::[I;JgINAL
APPLICATIO
N OF
DERIVATIVES
PARAMETRIC
Flljlnzll-'ll((:)lLS DIFFERENTIATI DECREASING
ON FUNCTIONS
06 c DERIVATIVES MAXIMA |
DL ARITHMION OF HIGHER MINIMA
IFFERENTIATI ORDER
RATE OF l

CHANGE |

MARGINAL COST AND |
MARGINAL REVENUE |-
FUNCTIONS

DIFFERENTIATION

Gist/Summary of the lesson:

1) IMPLICIT DIFFERENTIATIONAn implicit function is defined by an equation involving both x
and y as f(x,y) =0,where y cannot be explicitly expressed as x

2) LOGARITHMIC DIFFERENTIATION
Let b > 1 be a real number, then log,a = x,ifb* = a

3) PARAMETRIC DIFFERENTIATION
If x and y are two variables such that both are explicitly expressed in terms of a third variable, say ‘t’
i.e., x=f(t), y=g(t) is said to be in parametric form with t as the parameter

Applying chain rule,
dy
dy _ dy & _ 4 ax
el olon or == % (whenever Freka 0)
4) DERIVATIVES UPTO SECOND ORDER
Lety =f(x)

dy _ ¢
Then el f'(x)
If f'(x) is differentiable, then - (&) = £ = ¢
(x) is differentiable, then = (dx) =z (x)
which is called the second derivative of y w.r.t x.
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SOME IMPORTANT FORMULAE

d - ony _ .on-1
> ™~ x™) = nx

d
> §(constant) =0

~1

> &(log X) = -

d
> E(ax) = a* X log.a

i X\ — AX
> ™~ e =e
> eloBeX = x

LAWS OF LOGARITHM
> log (axb)=1log atlogb
> log(%) = loga — logb
» loga"=nX loga
» Product rule : (f X g)'=fxg’+f’ xg

. (R _egf-gf
» Quotient rule : (g) ="
: : _ — dy _ dy du

» Chain rule : If y=f(u), u=g(x), then = du i
> (frg) =f'+g

APPLICATION OF DERIVATIVES

Rate of change of quantities

d .
> d—z represents the rate of change of y with respect to x

. . d
» If'y increases as x increases, then dy

™ 1s positive

. dy . .
» If'y decreases as x increases, then d—i 1s negative

Increasing /Decreasing function

Let I be an interval contained in the domain of a real valued function
Then f'is said to be

Increasing in [if x; < x,inl = f(x;) < f(x,)

Decreasing inTif x; < X, inl = f(x;) = f(x;)

Constant in [, if f(x)=c for all x € I, where c is a constant
Strictly increasing in [ if x; < x,inl = f(x;) < f(x,)

Strictly decreasing in [ if x; < X, inl = f(x;) > f(x5)

Let f be continuous in [a,b] and differentiable in (a,b)

fis increasing in [a, b]if f'(x) = 0 for each x € (a,b)

fis decreasing in [a, b]if f'(x) < 0 for eachx € (a,b)

fis a constant functio‘r} in[a,b], if f'(x) = 0_foreachx € (al, b)

YV VYV

YV VV

\r

<

o* X1
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< >
Strictly|increasing Neither in¢reasing nor decreasing function

Marginal cost function and Marginal Revenue functions
COST FUNCTION(C(x)): If C is the total cost incurred in producing and marketing x units of a
certain commodity, then a function relating C and x is called a cost function.

Fixed cost: It is the sum of all costs that are independent of the level of production.
Variable cost: It is the sum of all costs that are dependent on the level of production.

TC=TFC+TVC

TC

T

TFC TvC

Supply function: A relation between the price per unit and the quantity supplied by the producer in
the market at that price is called the supply function.

Total Revenue Function(R(x): If R is the total revenue collected by a company when it sells x units
of a product at price p per unit, then R is given by R =p X x

Profit function P(x)= R(x) - C(x).
Break —Even Point: The breakeven point is the level production where the revenue from sale is
equal to the cost of production and marketing. [ R(x) = C(x).]

C(x)

X

1

Marginal cost: It is defined as the rate of change of the total cost with respect to each unit of
product. [MC=£ CX®1

Average cost: It is the cost of producing and marketing each unit of the product. [AC=

.. R(x
Average Revenue: Revenue per unit is known as average revenue. [AR=%]

Marginal Revenue: It indicates the rate at which the total revenue changes with respect to units
sold.[MR=£ (RX)]

Average Cost (AC)

AC= g, C is the total cost for producing x units of commodity
Also TC = TFC + TVC
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)

TC _ TFC

X

TVC
X

or, AC = AFC +AVC, [AFC-Average fixed cost, AVC-Average variable cost]
Demand function: Revenue and Profit function

The price per unit and the quantity demanded at that price are related inversely
Or, the higher the quantity demanded, lower is the price
If p is the price per unit and the demand of the item is x units , then x=f(p)

Demand function

Revenue Fun

ction

A A
> x
é 2
2 (Po,X0) §
Price,p Price.p
. R
R(x)=x X p Average revenue function AR= <= p—: =p
The Average revenue is the same as price per unit
INTEGRATION
INTEGRATION

DEFINITE INTEGRALS

INDEFINITE
INTEGRALS

EVALUATION BY

APPLICATIONS FUNDAMENTAL miggfﬁgﬁ
THEOREM
AREA UNDER THE SCUOR“F',SLE';":EISD INTEGRATIONBY | | | INTEGRATION BY
CURVE RODUCERS SURPLUS SUBSITITUTION PARTIAL FRACTION
INTEGRATION BY
PARTS
n+1

X
* J. x"dx = +C

n+1
* .[1 dx=x+C
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*j% 2Jx +C

X =
*Ildx=10g6x+C
X
”‘J-exdx=eX +C

X

+C

*latdx =
-[ : log.a
*fu.vdx=u.fv.dx—f%[fv.dx].dx

* jxf(x)dx - xjf(x)dx +C

dx 1 X—a )
* =—1Io +C, ifx>a
J‘xZ—aZ 2a gx+a
dx 1 a+x .
* =—1Io +C, ifx>a
J‘az—xz 2a ga—x

*I%zlog|x+\/m|+c
*j%:byﬂmwc

. j\/idx?/iglg‘\/i
*f\/az—xz=§\/a2—x2+a7zsin‘1§+C

* j 6,(x) £ £, (X) £ oo £, (%) Jdx
= j f,(x)dx £ j £,(x)dX £ ......... + j f (x)dx

+C

+C

b
* [£(x) dx =F(b) - F(a), where F(x) = [flx) dx ,

* Cost Function, C(x) = [ MC(x)dx where MC is Marginal Cost

* Revenue Function, R(x) = [ MR(x)dx where MR is Marginal Revenue

* Consumers’ Surplus, [is the gain made by consumers when they purchase an item from the market
at a lower price rather than the price they would have been willing to pay]
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price p 1

supply curvg,p=S(x)

Do o 4 Point of equilibrium
PS :

demand curve p=D(x)

| %o unit (X)

CS={ OXO D(x)dx— poxo where D(x) is the demand curve

* Producers’ Surplus, [ is the gain made by producers when they sell an item in the market at a higher
price rather than the price they would have been willing to sell]

PS = poxo— . OXO S(x)dx , where S(x) is the supply curve

* The equilibrium price is the price where the amount of the product that consumers want to buy
(quantity demanded) is equal to the amount producers want to sell (quantity supplied). This mutually
desired amount is called the equilibrium quantity.

For more details, refer the following
linkhttps://www.youtube.com/watch?v=W5nHpAn6FvQ&t=20s

DIFFERENTIAL EQUATIONS

DIFFERENTIAL

EQUATION
1
| | | 1
ORDER AND SOLUTION OF FORMATION OF MATHEMATICAL
DEGREE D.E D.E MODELLING
GENERAL PARTICULAR GROWTH l
SOLUTION SOLUTION MODEL DECAY MODEL

DIFFERENTIAL EQUATIONS AND MODELING
SOME IMPORTANT RESULTS/CONCEPTS

DIFFERENTIAL EQUATION
An equation involving derivative(s) of the dependent variable with respect to the independent
variable(s) is called a differential equation.

dy vy . d3y d?y 2 ..
Lo L +x2(FD) = 0. ()
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ORDER OF A DIFFERENTIAL EQUATION: The order of differential equation is defined as the
highest ordered derivative of the dependent variable with respect to the independent variable involved
in the differential equation.

DEGREE OF A DIFFERENTIAL EQUATION
For the degree of a differential equation to be defined it must be a polynomial equation in its derivatives.
The degree of a differential equation, when it is a polynomial equation in its derivatives is the highest
power (positive integral index) of the highest order derivative involved in the differential equation.
DIFFERENTIAL EQUATIONS AND MATHEMATICAL MODELING:
GROWTH AND DECAY MODELS The mathematical model for exponential growth or decay is
given by f(t) = Aekt
Where: t represents time, A the original amount y or f{(t) represents the quantity at time t ;k is a constant
that depends on the rate of growth or decay If k > 0, the formula represents exponential growth; If k <
0, the formula represents exponential decay

MULTIPLE CHOICE QUESTIONS (01 MARK QUESTIONS)

3
1) The cost function for a manufacturer is given by C(X):X? — x? + 2x(in rupees)

Which of the following statement is correct based on the above information?
a) The marginal cost decreases from 0 to 1 and then increases onwards

b) The marginal cost increases from 0 to 1 and then decreases onwards

c¢) The marginal cost decreases as production level increases to 0

d) The marginal cost increases as production level decreases to 0

Answer: (a)

Solution:

The marginal cost function is given by MC(X)Zj—i =x%—2x+2
MC'(x) = 2x — 2
So, the marginal cost decreases from 0 to 1 and then increases onwards

2) The absolute minimum value of the function f(x) = 4x — %XZ in the interval [—2, g] is

a) -8 b) -9 c) -10 d)-16
Answer: (¢)
Solution:
f'(x) =4-x

f'x)=0 =>x=4

. . . . 9. .
= the absolute minimum value of the function (x) = 4x — %xz in the interval [—2,~] is

Min {f(—2),f(4),f(§} — Min {—10,8,,%} = —10

3) If f(x)= log x, then the derivative of f(log x) is

logx X 1
a) T b) @ C) X lOg X d) xlogx
Answer: (d)
Solution:

f(log x) = log(log x)
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1
xlogx

4) Ify = Jx+\/x+\/x+ S e ee eee 0en OO,

dy .
Then -1 equal to

f'(x)=

by applying chain rule

1 1
a) 2y-1 b) Zy_—l C) 2y-1 d)m

Answer: (b)
Solution:

y2=xty
dy
dx

or, 2y — 1)%= 1 hence %:Tl—l

5) The sides of an equilateral triangle are increasing at the rate of 2 cm/ sec. The rate at which its area
increases when the side is 10cm is

a) 10 cm?/sec b) 10v3 cm¥sec

or, 2y % =1+

c) ? cm?/sec d) V3 cm?/sec

Answer: (b)
Solution:

Area (A) =§ a’
dA V3

A _B yoax®
dt = 4 dt

V3

=—X2Z2aXx?2
4

i—? ata=10is @x 20 X 2= 10v3 cm?/sec

. logx
6) The maximum value of %

a) e b) - o & d)-e
Answer: (b)
Solution:

log x
y = 28X
X
1
dy XX — logx

dx x2

—y=0:>logx= lhencex =e

dx
1
d?y x? (—;) — (1 —logx)2x
dx? x4
d2

d—X}ZIatx=e <0
1

. logx .
Hence The maximum value of Tg is -
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7) If the selling price of a commodity is fixed at ¥45and the cost function is C (x)= 30 x+240, the then
break-even point is
a) x =10 b) x=12 c) x=15 d) x=16
Answer: (d)
Solution:
R(x) = 45x
At breakeven point R(x)=C(x)
45 x =30 x+240 = x=16

8) If the demand function for a product is p = % , where x is the number of units and p is the price per

unit,then the value of x for which the revenue will be maximum is

a) 10 b) 20 c) 40 d) 80
Answer: (¢)

Solution:

80— 80x—x2
R(X):p.X:TXXXZ X4X

At maximum, R'(x) = 0 and R"(x) < 0
Hence 222 = 0 = x = 40
R"(x)atx =40<0
9) The order of the differential equation corresponding to the family of curves
y=k cos x + p (q cos x-r) is
a) 1 b) 2 c) 3 d)4
Answer: (b)
Solution:
y=k cos x + p (q cos x-r) is
=(k+pq)cos x-pr
=a cos x+tb
No of arbitrary constant=2 = the order is 2
10) [ sec?(7 — 4x)dx = a tan (7 —4x) +c, then the value of a is

a) 1 b) = © 3 d)-4
Answer: (b)
Solution: [ sec?(7 — 4x)dx = fan (=49 _ _Tltan (7 — 4%)
11)f_22(2 — |x]) dx is equal to
a) -4 b) 4 o) 8 d) 12

Answer: (b)
Solution: f_22(2 — |x]) dx
2 2
= f_22dx—2f0 |x| dx
I e N
= 2X]_2 2(x )]O 4
12) The general solution of the differential equation: x dy —y dx =0
a) xX>+y’=c b) x*— y*=2c c) xy=c d) x=cy

Answer: (d)
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Solution:
dy dx
y X

dx
X

Solution is f% =
Or, log y=log x+log ¢
Or, log y=log cx

Or, y=cx

13) The integrating factor of the differential equation X% + 2y = x3(x # 0)is
a) x° b) log x ¢) 2x d) =

Answer: (b)
Solution:

Ly2l=x?x#0)
Integrating factor is el >2_<dx =e2logx=y2

14) [ f(x) dx is equal to

a) [ f(x—c) dx b) [ f(x+ ¢) dx ¢) [, f(x) dx S f(x — ¢) dx
Answer: (b)

Solution:
letf f(x)dx = F(x) + ¢

then [ () dx = [F12 T ©

atc
=F(b+c)-F(at+c)

[P f(x—¢) dx =F(b-c)-F(a-c)

[ f(x + ©) dx = F(b+o)-F(atc)

[ f(x) dx =F(b)-F(a)

2 (x — ¢) dx = F(b-2¢)-F(a-2c)

15) If the marginal cost function of a product is given by MC=10-4x+3x> and fixed cost is 500, then
the cost function is

a) 10x — 2x* +x3 b) 500 + 10x — 2x? +x3 c)
500 + 10x — 8x> +9x3 d) -4+6x

Answer: (b)

Solution:

C(x)=J (10 — 4x + 3x?)dx
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=10x — 2x* +x3  +k
When x=0, R(x)=500
Hence k=500
Hence C(x)= 500 + 10x — 2x> +x3
16) The marginal revenue function of a commodity is MR= 2x — 9x°,then the revenue function is

a) 2x%—9x3 b) 2-18x c) x%—3x3
d) 18 + x* — 3x3

Answer: (¢)
Solution:
R(x)= [(2x — 9x?)dx
=x? — 3x3
f/ (x)dx .
17)fm 1S equal to
1

f
a) f(x).log(fx)+C  b) mg(();gx))” O g TC O logllog (fG0l +C
Answer: (d)

Solution:
j f'(x)dx
f(X)lgg (fx))

- f tlog (t)
= log|log (t)| +C
= log|log (f(x)| +C
18) A spherical ice ball is melting at the rate of 100 cm3 /sec. The rate at which its radius is decreasing,
when its radius is 15 cm, is

1 . 1 . 1 : 1 :
a) ;cm/mln b) gcm/mln c) acm/mln d) 1—Scm/m1n

Answer: (¢)

Solution:V = gﬂr3 andi—‘t] =—100
dv e dr
dt dt
. dr
—100 = 4mrc —
dt
dr _ -25
dt ~ mr2
Hence & = 2 _ L m/min
dtat r=15 TX225 9Im

19)Lety = f (i) and f'(x) = x3,what is the value of % at x=§
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2) — b)) —— c) —32 d) —64

32
Answer: (b)
Solution:
AN
&—f (x) X dx (x)
1 -1

Rea

1

T X
dy x = 1
dx ax= 2

- _1

T 32

20) Total revenue in rupees received from the sale of x units of a product is given by R(x) = 3x?% +
36x + 5. The marginal revenue, when x = 15 is
a) 96 b) 126 c) 116 d) 90
Answer: (b)
Solution:
R'(x) = 6x + 36 and R'(15) = 126.
21) The area (in sq. Units) bounded by the curve y = Vx, the x-axis, x=1 and x=4 is

11 1 14 13
Answer: (¢)
Solution:
Area=| 14 y dx
= 14\/ x dx

2( 3/ 4 14 )
==|X /2 ) =—1sq. units
3 1 3

ASSERTION - REASON BASED QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason(R).
Pick the correct option:

a) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of Assertion (A).

b) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct explanation of
Assertion (A).

c) Assertion (A) is true but Reason(R) is false.

d) Assertion (A) is false but Reason(R) is true.

1) Assertion (A): Whenever marginal cost = marginal revenue, the profit is maximised
Reason (R) : At this point, the cost of producing an additional unit equals the revenue it generates
Answer: (d)
Solution:
If C is the cost function and R is the revenue function, then MC=3—§ and MRZj—z
Profit P (x)=R(x)-C(x)

dP_dR _ dC_, o
Or, e MR-MC
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2)

3)

4)

5)

At maximum, j—z — 0 = MR-MC=0 = MR=MC

2
MR=MC alone is not sufficient to prove % < 0 [MC should be rising to satisfy the second

condition]
Hence the Assertion (A): is false
The Reason (R) is correct because if MR=MC, then the firm earns exactly as much revenue from
selling one more unit as it spends producing it. Beyond this point, if MC>MR, producing more would
reduce profit
Assertion (A): The order of the differential equation corresponding to the family of curves y =
a(bx —ce*)is 3
Reason (R) The total number of arbitrary parameters in the given general solution is the order of the
corresponding differential equation
Answer: (d)
Solution: y = a(bx — ce*) = abx — ace*
= Ax — Be* has 2 arbitrary constants. = order = 2
Assertion (A) is false and Reason (R) is true

Assertion (A): The solution of the differential equation Sy% + 4x = 0 represents family of ellipses

2 2
Reason (R) : Equation of ellipse is X—Z + I};—z =1

a
Answer: (b)
Solution: Sy% +4x=0

Or, Sy% = —4x
Or, 3ydy=-4xdx
Solutionis [3ydy = — [4xdx
Or, %yz + 2x? = C which is an ellipse
Assertion (A) is true and Reason (R) 1is true

Assertion (A) : Consumer surplus is represented by the area under the demand curve and above the
market price.

Reason (R): Demand curve shows the maximum price a consumer is willing to pay for different
quantities.

Answer: (b)

Solution:

Assertion (A) is true because the area under the demand curve and above the price line
correctly represents the total benefit over actual expenditure — this is the
consumer surplus.

Reason (R) is also true and it correctly explains the assertion because the demand curve indeed shows

the maximum price consumers are willing to pay.

Assertion (A) : f(x) = e¥is strictly increasing for all x € R

Reason(R) : if f(x) is strictly increasing function, then f'(x) > 0

Answer: (a)

Solution: f'(x) = e* > 0 for all x € R .hence assertion is true

Reason(R) is also true
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6) Assertion (A):y =logx = xy" +y =0

d d d2
Reason (R) =~ d—Z) = d—XZ
Answer: (b)
Solution

1
:1 = = —
y=logx =Yy X

~xy' =1
Again, differentiating both sides w.r.to x,
=>xy"'+y =0
Hence (A) is true
(R) is also true. But (R) is not the correct explanation for (A)
7) Assertion (A): The maximum profit that a company makes, if profit function is given by
P(x) = 41 + 24x — 8x?; where ‘x’ is the number of units and P is the profit is Rs.59
Reason (R ): The profit is maximum at x=a if P’(a) = 0 and P"(a) > 0
Answer: (¢)
Solution
P(x)= 41 + 24x — 8x?
P'(x) = 24 — 16x

b — 0 24 3

= = = —_—= —
@) *T16 2
P'x)=—-16<0=>x= %is a point of maxima

Max Profit=P=P = 41 + > X 24 — 8 X - = 59
Assertion is true, but reason is false
For maximum at x=a if P’(a) = 0 and P"(a) < 0

8) Assertion (A): [ x?(1+3logx)dx = (x3Xlogx+ ()
Reason (R): %(x3 x log x + C) = x?(1 + 3log x)
Answer: (a)
Solution
y=x3xlogx+C
% =x3 x i + 3x2 X log x = x*(1 + 3log x)Hence Reason (R) is true
Assertion (A) is true as integrals are anti derivative

9) Assertion(A): [ x*(1 +logx) dx =x* + C
Reason (R) :—x (x*)=x*(1+logx)

Answer: (a)
Solution:y  =x*
logy =x.log x

differentiating w.r.t x,
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1dy _
;a—1+logx)

Z—i’ =y(1 +logx)
=x*(1 +logx)
Hence Reason (R) is true
Assertion (A) is true as integrals are anti derivative
10) Assertion (A) : if C(x) = x3 — 45x2 + 300 is the total cost function, then the fixed cost=Rs. 300
Reason (R) :The fixed cost of total cost function = C(0)
Answer: (a)
Solution: fixed cost=C(0)=0 — 0 X 45 + 300 = 300.hence (A) is true
Reason (R) is also true
VERY SHORT ANSWER TYPE QUESTIONS

1) Question: Find the rate of change of volume of a sphere with respect to its surface area when the
radius is 5 m

. . . 4

Solution:The volume V, surface area S of a sphere of radius r is given by V = 3 mr3,S = 4mr?

v 4 ds

— =-x3nr? = 4nr? ,— = 8nr

dr 3 dr

v L am? dav 5
— dr _Amr” _r — 3 /2

— =4 = — = -m°/m

ds ? gnr 2 dSlp—g 2 /

r
2) Question Find the derivative of x*

Solution: lety  =x*
logy =x.logx

differentiating w.r.t x,

1dy
;E—1+logx)

d
ﬁ = y(1 + log x)
=x*(1+logx)

3) Question: Find the absolute maximum and absolute minimum value of f(x) = x? — 2x,x € [0,2]
Solution: f'(x) =0 =22x—-2=0=>x=1
f0)=0, f(1)=12—-2=—-1, f(2)=2%—4=0
absolute maximum value=0
absolute minimum value= — 1
4) Question: Evaluate [ xe3* dx

. 3 e3x e3x
Solution: [xe**dx = xx—— [1x—dx
e3 3x

X eSxd e3x e C
XX = f3 x= XX———70+
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5)

6)

7)

8)

Question:

f I s equal to
X(x7+1) q

Solution:
X6

dx
fx(x7+1) - fx7(x7+1) dx

_1 7 —
- ft(t+1) (putx” =1)

L1 (t+1-bdt
_7f t(t+ 1)

f<“t+—1>
= ;(logt —log (t+ 1))

—| +
x7+1

Question: The cost function for a certain commodity is C(x) = 12 + 3x — %xz. Write down total

cost,Fixed cost, variable cost and average cost when 3 units are produced.
Solution:
Total cost= C(x) when x=3

=12+3x3—§x9 =18

Fixed cost= C(x) when x=0
=12
Variable cost= (3x — gxz) when x=3
=3 X 3 — 3 = 6[ or, total cost-fixed cost]
Average costZ% when x=3
=243 —1x =4+3-1=6
Question: The marginal revenue function of a commodity is MR =7 — ﬁ, find the revenue
function. Also find the revenue obtained on selling 4 units of the product.
Solution: R(x) =/ MR dx

=/ ( (x+2)2) dx

=7x + » +2)3
~R(x) when x=4
505
_7X4+(4+2)3_E
Question:

The marginal revenue of a product (in Rs) is given by MR= 7-4x+3x2, where x is the number of units
produced and sold. The revenue generated is Rs 20 when x=4.Find the demand function.

Solution:

R(x) =p X x
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Or,R(x) = [ MR dx
=[(7 — 4x + 3x?) dx
=7x — 2x* + x> + k
When x =4, R(x)=20
20 = 28-32+64+k

Or,k =-40

R(x)= 7x — 2x? + x3 — 40

R(x) = p Xx

Or,7x — 2x? + x> — 40 = p X x

Orp=7—2x+x2—%

~. the demand function is p = 7 — 2x + x% — %

9) Question:
The price per unit of a commodity produced by a company is given by p=30-2x and ‘x’is the quantity
demanded. Find the revenue function R, the marginal revenue when 5 commodities are in demand (or

produced)
Solution: The revenue function R is given by
R(x) =pXxx
=(30-2x)x
= 30x — 2x2
# MR= = (R(x)
=30-4x

The marginal revenue of producing 5 commodities is

Rl —30-4x5=10
dxly=5

10) Question: Find the intervals in which the function f(x) = x* — §x3 is strictly increasing or strictly

decreasing
Solution: f'(x) = 4x3 — 4x?
=4x%(x — 1)

f'(x) >0 in(1,0) = fis strictly increasing in (1, o)
f'(x) <0 in(—o,1) — {0}
Or f'is strictly decreasing in (—o0,0) U (0,1)
11) Question: Find the absolute maximum and minimum value of the function value of f(x)= x3 — 3x
in[0,2]
Solution: f'(x) =3x?-3, f'(x)=0 = x=-1,1
f(1) = =-2,f(0)=0,f(2)=2
= absolute minimum value=-2
absolute maximum value=2
12) Question: Let the cost function of a firm be given by the equation C(x)=300 — 10x? + §X3.Find the

output at which the marginal cost MC is minimum
Solution: f(x)=MC="(C)=300 — 20x + x?
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f'(x) = —20 + 2x
f'x) =0 =x=10
f"(x) =2
f"(10) >0
~ f(x) or MC is minimum at x=10
13) Question: A manufacturer produces x pants per week at total cost of Rs.(x? + 78x + 2500.The
price per unit is given by 8x=600-p, where ‘p’ is the price of each set. Find the maximum profit
obtained ,where the profit function is given by P(x)=R(x)-C(x)
Solution: The revenue function R(x)=p X x=(600-8x)x=600x — 8x?
The profit function P(x)=R(x)-C(x)
=—9x% + 522 x — 2500
P'(x) =522 —-18x
PPx) =0 =x=29
P"(x) =—-18=P"(29) =-18<0
The profit is maximum when 29 sets are produced per week and the maximum profit per week is
P(29) = Rs.5069

14) Question: Evaluate [ m
Solution: Let [ f G- g

(x— 1)( +3) (x—- 1)(X+3)

1
2 f((x—l) B (x+3))d

:%loglx -1 —%loglx +3|+C
15) Question: Evaluate : [ xe**dx
Solution: [ xe**dx = x [ e?*dx — f[% (x) [ e**dx]dx + C
eZX eZX eZX eZX
=x——[1.—dx+C =x——-—+C
2 2 2 4
16) Question: Evaluate : f:lx — 2|dx
Solution: Let = f:lx —2|dx = fozlx —2|dx + f;lx — 2|dx
=l —(x-2)dx+ [, (x— 2) dx

ox=221% | x=221t .
E— ]0+ > ]2 =4 sq. units

17) Question: Solve the differential equation x?(y + 1)dx + y?(x — 1)dy = 0
Solution: x%(y + 1)dx + y?(x—1)dy =0

2 2
= —dx+ Z-dy =0
X—1 y+1

> (x+1+=)dx+(y—1+ }ﬁ)dy= 0
thesolutionisf(x+ 1 +X711)dx+f(y— 1+ yT11)dy= 0
Or,);—2+x+log|x— 1] + y;—y+log|y+ 1] =C
18) Question: Find the particular solution of the differential equation % =1+ x+y + xy, given that
y=0 when x=1
Solution: % =1+x+y+xy
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=(1+x)(1+y)
Or, & _ (1 +x)dx
1+y

~. the solution is [ % = [(1 +x)dx

2
=> log|1+y|=x+x7+C

19) Question: Find the differential equation representing the family of curve y = cx + c?

Solution: y = cx + c%............ (i)
Differentiating both sides w.r.t. X,
dy _
dx

Substituting the value of cin (i), y = % X+ (%)2 which is the required differential equation of the
given curve.

20) Question: Evaluate: [ [10; (1og1x)2

Solution: letlogx=t -~ x =e"
~dx = etdt

1dx

1 1
Hence the given integral 1= f et(¥ — t_z) dt
Here f(t)=and () = —
~ by the rule [ [ e(f(t) — f'(t) )dt = e'(f(t) + C,

I=et24C =x—+C
t logx

SHORT ANSWER TYPE QUESTIONS (3 MARKS QUESTIONS)

) _ dy logx
. V — XYy . —_— = —
1) Question: If x e*™Y ; prove that dx  (1+logx)?

Solution: x¥ = X7V

Taking logarithm on both sides

Differentiating both sides w.r.t X,

1
g _ (1 +logx).1 - X3

dx (1 +logx)?
_ logx
o (1+logx)?
2) Question: Find %,ifyX + x¥ +x*¥ =aP

Solution: y* + x¥ + x* = aP

X y X
OI‘,QIOgy + elogx + elogX — ab

or, exlogy_l_ eylogx+ exlogx — ab
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Differentiating both sides w.r.t x,
eXlogy x i (xlogy) + ev'°8% x i (ylogx) + eXlo8x x i (xlogx)
dx dx dx

x(y 1Y Yy L dy X —
Or,y (x.ydx+logy)+ X (y.x+logxxdx)+x (1+logx)=0

Or,(x.y* 1 + xV.log X)% = —[y*.logy + yx¥"1 + x*(1 + logx)]
0 dy _ ~[y*logy+yxY 1+ x*(1+logx)]
L, dx (xy*~1+xY.logx)

3) Question: The growth of bacteria (P)over a time (t)in a laboratory is given by P=1000-800
ekt Prove that the rate of growth of bacteria decreases over time. What was the the population of
bacteria at the initial stage in the laboratory

Solution: G = % = 800 ke X'To show that the quantity G is decreasing over time

dG _

dat
Hence it is proved that G decreases over time t

The count of bacteria at the initial stage = P att=0

—800 k?e™®*, which is negative for any time of t

=200
. 11
4) Question: Evaluate: [, —(1+t) 70
Solution: Let I= fO m
Using partial fractions
SRR
)y W+t 2+t
= [log|1 + t| —log|2 + t|]
4
= [log2 — log3] — [logl — log2] = log (g)
5) Question:Find [ —— m dx
1
. (X454 -7 _1 2%+5 1 1
Solution: [ 2 dx =3 [ s dx- 3 f g
=0 - Do, (Putx+2=A< (x> + 5x+6) +B= x+2=A(Qx+5)+B

NowbycomparingA=%&B=-%,Nowx+2=%(2x+5)+-%

_ X+2 —
[= [ == dx= eql),

= lpo=s L
where I} = [ =—— dxand L, = [ ;m—— dx
=l —2X+5 2 = t2 =
NI, zf —— Put x> + 5x + 6 = t?=(2x + 5) dx =2t dt
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1 r2tdt
=-JZ=/dt=t+C

=>1 =Vx?+ 5x+ 6 +C
L=2[-—=—— dx x24 5x+6={x2+ 2.2x+ 2= )2+ 6)!
27 Vx2+ 5x+6 "2 2 2

1

-1+ (5))

= [ ——— dx=-log |(x + g) +VxZ + 5x + 6|+ ¢

27 o= Gy

Now put the value of I; and I, in equation (1), we get —

I1=VXZ+ 5x+ 6 +C - %10g|(x+§)+\/x2+ 5X + 6|+ C2

[=Vx? + 5x+6 - %10g|(x +§)+\/x2 + 5x+ 6|+ C, where C=C; +C
6) Question:
(1) A chocolate bar sells for rs.20. What is the total revenue and average revenue by
selling 30 bars?)
(i1) The demand function for TV set is p=20000-100x(rupees). Determine the total revenue
and average revenue by selling 20 sets?
Solution:
(1) P=Rs 20
Total revenue by selling 30 bars = 30 X 20 = Rs 600
Average revenue by selling 30 barszg =20

(1i1)) p=20000-100x per TV set
total revenue by selling x sets = px=20000x-100 x?2
hence the revenue by selling 20 sets=20000 X 20-100 x 400
=400000-40000

=Rs.360000

Hence average revenue by selling 20 sets=$ =Rs.18000

7) Question: The surface of a spherical balloon is increasing at the rate of 2cm? / sec.Find the rate of
change of its volume when its radius is 6cm.
Solution: Let r be the radius of the balloon at any tome t, S be the surface area and V be the volume
at that instant, then

Gi — = 2cm? :
iven — cm* / sec

Differentiating (i) w.r.t t
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dsS 4 ) dr 8 dr
—_ = X X — = J—
at o ) T M
P
2 =8mr pr
dr 1
OI‘, a = m
Differentiating (ii) w.r.t t,
v _4 X 3r? x la—4 2 x
a3 T T Y g
dv _

= — =
dt

dv
Hence whenr =6 I = 6cm3/sec

r

8) Question:
The demand and supply functions under the pure market competitions are pg = 16 — x% and ps =
2x2 + 4 respectively, where p is the price and x is the quantity of commodity. Using integrals find
Consumer’s surplus
Solution: Under pure competitions, ps = pq

16 — x2=2x* + 4
or,x =2,—2
x cannot be negative. Hence x=2

When xy = 2,py = 12

Hence consumers surplus = [ 02 pPadx — poXo
2
16
= f(16—x2)dx—24 =3
0

9) Question: Prove that the function x> — 6x? + 18x + 5 is increasing for all x € R and find its value
where the rate of increase is least

Solution: Let f(x) = x3 —6x%2 + 18x + 5
f'(x) = 3x? —12x + 18
=3[(x—2)2+2]=>3(0+2)? VvxeR
Or, f'(x) > 0 forall xeR
f is an increasing function for all xe R

Now the rate of increase is ie, f'(x) is least when 3[(x — 2)? + 2] is the least
i.e. when (x — 2)?=0 ie when x=2

=~ the required value of the function at x=2 ie f(2)
wf(2)=22—6x22+18%X2+5=25

10) Question :
The demand and supply functions under the pure market competition are pg = 56 — x% and ps = 8 +

2
X? respectively, where p is the price and x is the quantity of the commodity. Using integrals find

Producers surplus
|
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Solution Ps = Pd
%2
8 +— =56 — x*

or,x = —6,6

x cannot be negative. Hence x=6

When xy = 6,pg = 20
6
= PoXo — fo psdx

= 6x20 - f; (8+%) dx = 48 units

Hence prodecer’s surplus

2
11) Question: If x = at?,y = 2at, then % att=1is

Solution:% = 2at , I 2a
dt dt

dy
dy _a_ 1
dx dx t
dt

d?y d (dy) dt
dx? dt\dx/  dx
11 -1

t2 2at  2at3

d?y .o-1
s —att=11s —
dx? 2a

12) Question: Evaluate [ 01 x? dx and hence show the region on the graph whose area it represents

! sq. units which is the area of the shaded region in the fig

Solution: fol x?dx = X?| 0=3

/
C=(1,1)

0.5 =1

(Q.-0)

LONG ANSWER TYPE QUESTIONS
1) Question: A company produces certain commodity with rupees 2400 as fixed cost
The variable cost is estimated to be 25% of the total revenue received on selling the product at a rate
of rupees 8 per unit. Find the following
1.  Cost function

iii.  Breakeven point

Solution:

Let ‘x’ units of product be produced and sold. As selling price of one unit is Rs. 8,

Total revenue on ‘X’ units= Rs.8x
|
80
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1. Cost function = fixed cost+25% of 8x
= 24000+ x 8x
100
=24000+2x
ii.  Revenue function =8x
iii.  Breakeven point
R(x)=C(x)
24000+2x = 8x =x=4000
Profit function P(x) = R(x)-C(x)
= 8x-(24000+2x)
= 6x-24000
2) Question: In a bank, principal increases continuously at the rate of 5% per year.in how many years
Rs. 1000 double itself?
Solution: Let P be the principal at any time t(years).
Then 5 = 5% of P
P 5

—=—xX
dt 100 P

initially, when t=0, P=1000

= log 1000=C

substituting in (i)

log P = -t +10g1000 ............. (ii)

When P double itself, P=2000
Putting in (ii)

1
log 2000 = %t +1og1000

1
or,log 2000 — log 1000 = %t

applying laws of logarithm
2000 1

IOg m = % t
or,log 2 = 7ot
or, t =20 X log,2
the amount will double in 20 log 2 years = 20 X 0.69312 = 13.86 years

3) Question:
The production manager of a company plants to include 180 square cm of actual printed matter in
each page of a book under production. Each page should have a 2.5 cm wide margin along the top
and bottom and 2 cm wide margin along the sides. What are the most economical dimensions of each
printed page.

Solution: Let x and y be the dimension of the printed pages

________________________________________________________________________________________________|
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A =Area of the page = (x+4)(y+5)

=xXy+5x+4y+ 20

= 180+5x+4(—) +20

=200+5x+%°

For most economical dimension, A to be minimised

da 720

n—=0> 5 - =0 =>x=12
dx X

d?A _ 1440

dx2 ~ x3

d2A . ..

— >0 .~ Aisminimum

dx?lx=12

x=12andy=1;ﬁ=15

Hence the most economical dimensions are x +4=16 cmandy + 5 =20 cm

4) Question: Form the differential equation of the family of circles of constant radius r
Solution: Let the family of circlesbe (x —h)?2 + (y — k)2 =r?.............. (i)
where h, k are arbitrary constants
Differentiating (1) twice w.r.t X,

dy
2(x—h) + 2(y — k).& =0

or,(x—h)+ (y—k).Z=0......... (i)
d’y ~dy  (dy
s1rg-nSLe U ()
and 1+ (y )dxz * dx dx
dy.2
ory—k=——sg (iii)
dax2
Substituting the value of y-k from (ii1) in (i1),

H®) ay Zas(@)H .
x—hz—(—% Xd—i':% ........... (iv)
dx? dx?

dy\2 (WY 2, (WY 2,
From (i),(iii) and (iv) ,(dX) (d:y(dX) L +§d;‘) Y2
w2’ G&2)°

2 2
Or, (1+ (%) )3 =r? (%)Zis the required differential equation

CASE BASED QUESTIONS (04 MARKS QUUESTIONS)
1) Question:A student Mohan is running on a playground along the curve y = x? + 7.another student
Shilpi standing at point(3,7)on playground wants to hit Mohan by paper ball when Mohan is nearest

to Shilpi
|
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Based on the above information, answer the following

(i) Let at any instant while running along the curve y = x* + 7 , Mohan’s position be at
(x,y). Find the expression for the distance D between Mohan and Shilpi in terms of x

(i1) Find the critical point(s)of the distance function

(i11)) (a)What is the distance between Mohan and Shilpi when they are at the least distance
from each other

OR
(iii)  (b) Find the position of Mohan when he is closest to Shilpi

Solution:
(i) For all values of x, y = x? + 7
~Mohan’s position at any point is (X, x% + 7)
The measure of the distance between Mohan and shilpi is
D=[(x—3)2+x2+7-7)2 =/ (x—3)% +x*
(ii) LetS=D? = (x —3)% +x*

Bo0=43+2x-6=0 =>x=1

dx
Critical point is x=1
4% _ 8x2 + 2 and clearly =5 = 8x2 + 2 > 0 atx = 1
(iii) (a) oz = 9 and clearly — = 8x atx =
~ Value of x for which D will be minimum is 1
Forx=1,y=38
= The required distance = /(1 — 3)2 + 1* = /5 units
2 2
(iii) (b) 33 = 8x + 2 and clearly 5 = 8x* + 2> Oatx = 1
~ Value of x for which D will be minimum is 1
Forx=1,y=8

Hence the required position of Mohan is (1,8) when he is closest to Shilpi

Question A company notes that higher sales of a particular item, which it produced, is achieved by
lowering the price charged. As a result, the total revenue from the sales at first rises as the number of
units sold increases, reaches the highest point, and then falls off. The pattern of revenue is described
by the relation y = 40,00,000 — (x — 2000)? , where y is the total revenue and x is the number of
units sold.

Based on the ever information, answer the following questions.

(1) Find what number of units sold maximizes total revenue

(i1)) What is the amount of this maximum revenue?

(ii1)) What would be the total revenue if 2500 units were sold

Solution:
(i) y = 40,00,000 — (x — 2000)?
dy = -2 2000
dx x )
dy
— = 0 when x = 2000
dx
2
% = —2 < 0. Hence y is maximum at x=2000

(i) maximum revenue= 40,00,000 — (2000 — 2000)?= 40,00,000
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3)

(iii)total revenue= 40,00,000 — (2500 — 2000)2 = 37,50,000

Question: A manufacturing company manufactures toys. The company observed the following costs
at different production levels

Number of Cost of Raw | Cost of Cost of Property Tax | Salaries

Toys Material (X) | Production Freight (%) ) 3

Manufactured Supply (%)

100 800 2000 1000 5000 20000

150 1200 3000 1500 5000 20000

200 1600 4000 2000 5000 20000

250 2000 5000 2500 5000 20000

300 2400 6000 3000 5000 20000

(1) Find the fixed cost for the production of X units of toys

(i1) Find the raw material cost per unit for the production of toys

(ii1)) (a) Find the revenue function R(X) of toys, if the company observes the price ‘p’ per unit of
item sold as p=5000-x, where ‘x’ is the number of units sold. Also find the revenue obtained on
selling 10 units

OR

(ii1))  (b) Find the marginal revenue function MR of toys, if the company observes the price ‘p’per
unit of item sold as as p=5000-x, where ‘x’ is the number of units sold.

Solution:

(1) Fixed cost= 5000(property tax) +20000(salary)

(i)  Raw Material: I8 per unit (difference of 400 for every 50 units)

(i11) (a)Revenue Function R(x):

Given: Price per unit = 5000 - 10x

Revenue = Price X Quantity = (5000 - 10x) x x = 5000x - 10x?

R(x) =5000x - 10x?

R(10=50000-1000= Rs.49,000

OR

(i) (b) Marginal Revenue (MR):

Revenue = Price x Quantity = (5000 - 10x) x x = 5000x - 10x?

MR = dR/dx = derivative of revenue function R(x)
R(x) = 5000x - 10x2

Or, dR/dx = 5000 - 20x

MR(x) = 5000 - 20x
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HIGHER ORDER THINKING SKILLS

1) Question: Supply and demand curves of a tyre manufacturer company is as follows

price p 1

supply curveg,p=S(x)

demand curve p=D(x)

unit (x)

The above graph showing the demand and supply curves of a tyre manufacturing company which
are linear. ‘ABC’ tyre manufacturer sold 25 units every month when the price of a tyre was
Rupees20000 for unit and ABC tyre manufacturer sold 125 unit every month when the price
dropped to rupees 15000 per unit .When the price was rs 25000 per unit 180 tyres were available
per month for sale and when the price was only rupees 15000 per unit 80 tyres remains find the
demand function also find the consumer surplus if the supply function is given by S(x)= 100x +

7000

Solution
Consider the demand function p=D(x)=ax+b .......... (1)
when x =25, p =20000
from equation( 1), we have 20000 =25a+b ......... (2)
and when x = 125, then p = 15000
from equation (1) we have 15000 =125a+b.......... 3)

on solving equation (2) and (3) we get a =-50 and b = 21250
Therefore, demand function p =-50 x + 21250
For equilibrium point,D(x, ) = S(X()
Or, —50xy + 21250 = 100x, + 7000 = x4 = 95
On putting value of xyin demand function and supply function, p, = 16500
»» consumer Surplus (CS) =/ (;( ’D(x) — poXo
=[°(=50x + 21250)dx — 16500 x 95

95

2
= —50% + 2150X] — 1567500 =Rs.22625
0

2) The supply schedule of tomatoes is given in the table below which follows a linear relationship
between the price and quantity.

Pric/kg Quantity supplied (kg)
25 800
20 700
15 600
10 500
5 400
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The demand schedule for tomatoes in Karnataka is given below and there is a linear relationship
between the price and demand

Pric/kg Quantity demanded (kg)
25 200
20 400
15 600
10 800
5 1000

Based on the above information answer the following question
(i) Find the equation of demand curve
(i) Find the equation of supply curve
(iii) (a)Find the consumers surplus

OR
(iii)  (b) Find the producers surplus
Solution
(i) Demand curve
Letp=ax+tb.......... (*) (as the curve is linear), where p is the price and x is the quantity
demanded
When p=25, x=200 = 25=200a+b ........ (1)

When p=20,x=400 = 20 =400a +b.....(2)
(2)-(1) = 5=-200a and hence a = — % and b=25-200a=30
Substituting the value of a and b in (*), the demand function is p = 30 — =

40
(i) Supply curve

Letp=axtb.......... (*) (as the curve is linear), where p is the price and x is the quantity
supplied
When p=25, x=800 = 25=800a+tb ........ (1)

When p= 20, x=700 = 20 = 700a +b.....(2)

(2)-(1) = 5= 1002 and hence a = - and b=25-800a=-15

Substituting the value of a and b in (*), the supply function is p = =15 + 2—X0
(iii) Equilibrium point: quantity supplied= quantity demanded

From the data, quantity supplied=600kg and quantity demanded=600 kg

Hence equilibrium price is Rs,15 and equilibrium quantity is 600 kg
Hence x, = 600,p, = 15

Consumer’s Surplus (CS) = foxo D(x)dx — p0x0=f0600(30 - :—O)dx — 15 % 600
21600
=30x — :—0] —9000=18000-4500-9000 =4500
0
(iv) Producer’s surplus- = PoXo — foxo S(x)dx=15 x 600 — fOGOO(—15 + z_Xo)dX

22600
=9000 — [—15x + X—] =9000 + 9000 — 2% = 9000
4019 40
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EXERCISE
MULTIPLE CHOICE QUESTIONS

LJ

dx is equal to

x+x logx
a) I+logx+C b)x+log x+C c)xlog(1+logx)+C d)log(1+logx)+C
_ d3y .
2.Ify = e %% then —5 is equal to
a)2e2 b) e™ ¥ c) 4e d) —8e %
3.The function f(x)=e* —x + 1 is
a) increasing in (0,1) b) decreasing in (0,1)

¢) increasing in (O, %)and decreasing in G, 1)
d) decreasing in (O, %)and increasing in G, 1)
4. The order and degree of the differential equation ydx + Xlog(g) dy — 2xdy = 0 are respectively

a) 1,1 b)1,2 c)2,1 d) 1, not defined
5. If x+y =8,then the maximum value of xy is :
a)l2 b)16 )20 d)24
6.General solution of differential equation : y logy dx-x dy =0 is
a) y=log|cx| b) y = el c) y=e & d) logy = |C+x|
7. if the marginal revenue function of a commodity is MR=2x — 9x? , then the revenue function is
a) 2x2 —9x3 b) 2-18x c) x? — 3x3 d) 18 + x? — 3x3

8 . If the demand function for a commodity is p= 20 — 2x — x? and the market demand is 3
units, then the consumer’s surplus is

a) 27 b) 38 c) 42 d) 47
2

9. The degree of the differential equation [1 + (Z—z)2]3/ 2= 3732/ is

a)4 b) % ¢) not defined d)2
10.the integrating factor of the differential equation (x log x) % +y = 2logxis

a) log(log x) b) log x c)e* d) x

ASSERTION - REASON BASED QUESTIONS

1. Assertion(A): If the value of | Oa 3x2dx = 8 then the value of ‘a’ is 2

xn+1
Reason(R): [ x"dx = —c
n+1

2. Assertion(A): [ €7 **dx =a e’ ™** +c then the value of a is_T1

Reason(R): [ f(ax + b)dx
3. if x=at? and y= 2at
1

. d
Assertion(A): ﬁ =<

F(ax+b)
a

dy
Reason(R): if y= f(t) and x =g(t),then & dc
dt

4. Assertion(A): f 1)3 dx = (x oot C
Reason(R): [ eX(f(X) + ' (x))dx = eXf(x) + C

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 87




5. Assertion (A): The area of the region bounded by the curve y = x3 x=-1 and x=11is equal to %

$q.units
Reason (R): f_ll x3dx =0
6. Assertion (A): A firm maximises its profit when marginal revenue equals marginal cost

Reason (R) : At MR=MC,the firm is producing at the equilibrium output level
VERY SHORT ANSWER TYPE QUESTIONS

1. If the functionx* — 62x? + ax + 9, xe[0,2] attains its maximum value at x=1, find the
value of a

2. Find the interval in which the function given by f(x)=f(x) = 4x3 — 6x% — 72x + 30 is
decreasing

3. Find two positive integers whose sum is 15 and the sum of whose square is minimum

4. Show that among the rectangle of given perimeter, the square has the greatest area.

5. The marginal cost function of producing x units of a product is given by MC = ﬁ

,find the total cost function and average cost function, if the fixed cost is Rs.1000
SHORT ANSWER TYPE QUESTIONS

—X

Evaluate: [ 01 - —dx
1+e
2. Find the differential equation of all the circles in the first quadrant which touches both the
coordinate axes
3. Evaluate: |, 98% )% dx
log2
4. Evaluate: | o X
S. The supply function for a commodity is p = x? + 4x + 5 where x denotes supply.Find
the producer’s surplus when the price is 10
6. The population of a village increases continuously at the rate proportional to the number

of its inhabitants present at any time. If the population of the village was 20,000 in 1999
and 25,000 in the year 2004, what will be the population of the village in 2009?
LONG ANSWER TYPE QUESTIONS

1. A window is in the form of a rectangle surmounted by a semicircular opening. The total
perimeter of the window is 10 m. Find the dimensions of the window to admit max light
through the whole opening.

2. The price of selling one unit of a product when x units are demanded is given by the
equation p = 4000 — 2x. The fixed costs of product are Rs. 20000 and Rs. 1484 per unit
as the cost of production.Find the level of sales at which the company can expect to cover
its costs.

3. For a monopolist’s product, the demand function is p = \5/—2 and average cost function
AC=0.5 + @.Find the profit maximising level of output. At this level, show that the
marginal revenue and marginal cost are equal.

3
4. Determine for what values of x, the function f(x)=x* — X? is strictly increasing or stritly

decreasing
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CASE BASED QUESTIONS
1. A bakery estimates that the daily profit P(x) in rupees from selling x cakes is given by
P(x) =—2x2 + 160 x — 1000
(1) How many cakes should the bakery sell each day to maximize profit?
(i1) At what number of cakes sold will the profit be zero?
2. The demand function for potato is D(p)=60-2p and the supply function S(p)=4p, where p
is the price per kg
(1) Find the equilibrium price and quantity
(i1) Find the maximum price consumers are willing to pay
(1i1) a) Calculate the consumer surplus
(iii)  b) Calculate the producer’s surplus
HIGHER ORDER THINKING SKILLS

1. A firm has the following total cost and demand functions
3

x
C(x) =?—7x2+111x+50andx=100—p

(i)  Find the total revenue function in terms of x
(i)  Find the total profit function P in terms of x
(1i1) (a) Find the profit maximising level of output of x

OR
(1i1) (b) What is the maximum profit,taking repee as a unit of money?
2. Find the differential equation of all the circles in the first quadrant, which touches both the axes
3. The demand function p for maximising a profit monopolist is given by p = 274 — x?,while the
marginal cost is 4+3x, for x units of commodity. Using integrals, find the consumer surplus
ANSWERS
MULTIPLE CHOICE QUESTIONS

1. d) log(1+logx)+C
2.d) —8e %X
3. d) decreasing in (O, %)and increasing in G, 1)
4. a)l,1
5. b) 16

6.b) el®™

7.c¢

8.a

9.d

10.b

ASSERTION - REASON BASED QUESTIONS

1. (b)

2. (a)

3.(a)

4. (a)

5.(b)

6.(a)

VERY SHORT ANSWER TYPE QUESTIONS
1.a=52
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2.[-2,3]
3. 9,6
4,

5.C(x)=Vx? + 2500 + 950,Average cost=@

SHORT ANSWER TYPE UESTIONS

1+e, 1
1. IOg(x) — E+ 1
dyy2..2 dy 2 —
2. (&) (x* — 2xy) — 2xy&+y —2xy =0
210g4—_210g2
log2
4.log * f1 +cC
X+1  eX+1
52
3
6. 31250
LONG ANSWER TYPE QUESTIONS
1. length = ﬂm, breadth = ——m
m+4 m+4
2. Breakpoint points are x= 8, 1250.Hence, the company must produce at least 8 units to cover its
cost.
3. P(x) is maximum when x=2500, MR=MC when x =2500
4. proof

5.f is strictly increasing in G, 00) and strictly decreasing in (—o0,0) U (0, %)

CASE BASED QUESTIONS
1. (1) profit maximum when 60 units are sold (i) x=90rx=111
1) 10,40 ii)price=Rs.20 1iii) a)consumers surplus=400 iii b) producers surplus=200

N

HIGHER ORDER THINKING SKILLS
1. () R(x)=p x x = 100x — x?
3
(i)P(x)=— "? +6x% —11x — 50
(i)  (a) P is maximum when x=11
(i)  (b) Maximum profit =111.33 when x=11

Y22 oW 2 o
2. (dx) (x* — 2xy) — 2xy =Ty 2xy =0
. 486

(98]
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UNIT-4
PROBABILITY DISTRIBUTIONS

Gist/Summary of the lesson:

Random variables and its Probability Distributions,
Mathematical Expectations,

Variance and Standard Deviation of a random variable,
Bernoulli Trials and Binomial Distribution,

Condition of Poisson Distribution.

Normal Distribution.

Definitions and Formulae:

RANDOM VARIABLES:

A random variable is a function whose domain is the sample space of a random experiment and whose
range is a subset of real numbers

Example: Throwing of two coins. Sample space, S = {HH, HT, TH, TT}

Random Variable, X = No. of heads, X =0,1,2

Probability Distribution:

X Xq X3 X3 | Xn

P(X=x) P1 D2 P3| Pn

Where, P(X=x;)=p; and > p, =1

i=1

Mean & Variance of Probability Distribution:

X
Mean, u = zpl ~ but since Zpl. =1
Zpi
Mean, u= Zpixl. = DX+ PrXy F e, +p,Xx,
Mean is also called average or expected value or expectation, denoted by as E(X).
Variance

Var (X) or ¢} oro’

Standard deviation, o =Y px’ — 1’

o =JE(X?) - (E(X))’

BINOMIAL EXPERMENT:

A random experiment with exactly two possible results is called a Binomial or Bernoulli trial. The two
results are called success and failure in probability theory.

Bernoulli trials satisfy the following conditions:

(1)  There should be a finite number of trials.

(i1))  The trials should be independent.

(ii1)) Each trials has exactly two outcomes: success or failure.

(iv) The probability of success remains the same in each trial.

Probability of ‘r’ success in ‘n’ Bernoulli trial is given by :
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P(r —success)="C . p"q"" = Lp q
rl(n—r)!
Where n= number of trials
r = number of successful trials=0, 1, 2, ........ ,
p = probability of a success in a trial

q = probability of a failure in a trial

And,p+q=1
Binomial Distribution:
X=r 0 1 2 r n
P(I‘i) = pi nCOPan— n 1plqn—l nczpzqn—z ncnpnqn— nC,,pnqn_

Binomial distribution is denoted by B(n, p)
In a binomial distribution having ‘n’ number of Bernoulli trials
Mean =np and Variance = npq

Standard Deviation = /npg
Where p is the probability of success and q is the probability of failure.

POISSONDISTRIBUTION:
The Poisson distribution is the limiting form of Binomial distribution when number of trials, n is very

large (n - oo) and probability of success is small (p - 0) such that np always remains finite. (np = 1)
Probability of occurrence of ‘k’ number of events:

k ,—2
P(X=k)=22—  where e is Euler’s number & e =2.71828...

NORMAL DISTRIBUTION:
The normal distribution is a type of continuous probability distribution that is symmetric and bell-
shaped. For normal distribution Mean = Median = mode
Probability Density Function (PDF):
1 _G=w?

e 202
oV2m

f(x) =

Standard Normal variate, Z = %

MULTIPLE CHOICE QUESTIONS
1) A pair of dice is thrown two times. If X represents the number of doublets obtained, then the expectation

of X is

1 1 11
a) p b) 1 C) 3 d) 36
Solution:
Total number of trials, n =2
Total number of outcomes in one trial = 6x6 = 36

Doublets are {(1,1), (2,2), (3,3), (4,4), (5,5), (6,6)} ~p=

3
Since it is a binomial distribution, therefore, E(X) =np= 2 X %= §
Answer: ¢
2) If arandom variable X has the probability distribution
k, ifx=0
P(X =x) ={2k,if x=1o0r2

0, otherwise
-~ - - ]
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then the value of k is

1 1 1 1
Solution:
Since » p, =1, therefore P(X = 0) + PX = 1) + P(X =2) + - =1
k+2k+2k+0=1, Sk =1, k==
Answer: b
3) Finding the probability of getting exactly two heads in four tosses of a fair coin.
1 b 2 3 d) 2
9 3 )5 s )3
Solution:

Number of trials: n=4

Probability of success (getting a head) in a single trial: p= "5,
Probability of failure (getting a tail) in a single trial: q=1-p=/54,
Number of successes (getting heads) required: k=2

Y1) s
Now P(X =k)="C.p"q""=*C,)| = | | = | ==
ow P( )="C.p'q Z(J (J s

Answer: ¢
4) Which of the following is false about normal distribution
a) Normal distribution is applied for discrete random distribution.
b) The shape of the normal distribution curve is bell shaped.
c) The area under a standard normal curve is 1
d) The standard normal curve is symmetric about the value 0.

Answer: a
5) If mean and variance of a normal distribution are 5 and 4 respectively, then the value of n is.
a) 10 b) 15 c) 20 d) 25
Solution:
Mean=np =5

Probability of success (getting a head) in a single trial: p= "%,
Probability of failure (getting a tail) in a single trial: g=1-p= %,
Number of successes (getting heads) required: k=2

V(1Y s
Now P(X =k)="C p'q¢""=*C,|=||=] =2
ow P( )="C.p'q Z(J (zj 5

Answer: d
6) If random variable X represents the number of heads when a coin tossed twice, then mathematical
expectation of X is

a) 0 b) ; 0> d) 1
Solution:
X 0 1 2
P(X) 1 1
2 4

1
4
S0, E(X) =0X;+1x5+2x-=1
Answer: d
7) If X is a Poisson variate such that 3P(X = 2) = 2P(X = 1), then the mean of the distribution is equal to
[ = e e e S S e e e e e

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 93




4 3 4 3
a) g b) Z C) - 5 d) - Z
Solution:
“3PX =2) =2PX = 1)
3e™422 271 4
T n oA=3
Answer: a
8) If the varance of a Poisson distribution is 2, then P(X = 2) is
2) > b) 2e2 o) d) 4e?
Solution:
** variance = 2 = A, then
132 —2952
“P(X =2) =5 2!)l == 2!2 =27 = eiz
Answer: a
9) An observed set of the population that has been selected for analysis is called
a) asample b) a process c) a forecast d) a parameter
Answer: a
10) A random variable ‘X’ has the following probability distribution:
X 0 1 2 3 4 5 6 7
P(X) 0 2k 2k 3k k? 2k? 'S 2k
The value of k is
1 1
a) —1 b)— = c) 1 d) n
Solution:

z P, =1
+0 + 2k + 2k +3k + k* + 2k* + 7k? + 2k = 1
10k°+9k—1=0
(k+1)(10k—1)=0 = k=— 1 (Not possible), therefore k = —
Answer: d
11) A box contains 100 bulbs of which 10 are defective. The probability that out of a sample of 5 bulbs
drawn one by one with replacement none is defective is
1\° 9 9> 1)°
) (3) b 9 () D (%)
Solution:

* No of trials, n = 5 & probability of non-defective bulb in each trial, p = % = 110

5
~Required probability = "C,p"q" "= *C,p°q"= (1;’0)
Answer: ¢
12) If the mean and standard deviation of a binomial distribution are 12 and 2 respectively, then the value of
its parameter p is
1 1 1 2
a) 5 b): c); d) 3
Solution:

For binomial distribution, Mean = np = 12

Standard Deviation = \/npg =2 =>npq=4=12q=4=q = §
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ap=l—q=§
Answer: d
13) There are 50 telephone lines in an exchange. The probability that any one of them will be busy is 0.1.
The probability that all the lines are busy is

(5)06_5 (5)06_5 (5)506_5 (5)506_5
2 =, b 1-7=5 ) 5o H1-—F0
Solution:
n=50,p=0.1, thereforenp=5=A7
. . e e Ake—k  550,-50
Using Poisson distribution: P(X =k) = = o
Answer: ¢
14) If a random variable X has the Poisson distribution with mean 2. Then P(X > 1.5) is
a) 2e~2 b)3e~2 c)l —2e72 d)1—3e72
Solution:
A=2, PX>15)=1-P(X <15)
Answer: d
15) If ‘m’ is the mean of Poisson distribution, then its standard deviation is given by
a) vm b)ym?2 ¢)m dy>
Solution:
Mean = m = Variance
Answer: a
16) The normal distribution curve is symmetric about
a) X=u b)X =0 c)X=§ d)X=§
Answer: a
17) The mean of the probability distribution of the number of doublets in 4 throws of a pair of dice is
2 3 2
Answer: b
18) Let X represent the difference between the number of heads and the number of tails obtained
when a coin is tossed 6 times. Then the possible values of X are
a) 0,1,3,5 b)0,2,4,6 c)0,2,5,6 d)1,3,4,5
Answer: b
19) One hundred identical coins each with probability p showing up heads are tossed once. If

0 <p < land the probability of heads on 50 coins is equal to that of heads showing on 51 coins,

then the value of p is :

1 49 50 51
a) - b)— ©) 701 d)
Solution:
Probability of heads on 50 coins = Probability of heads showing on 51 coins
~ P(X =50 heads) = P(X =51 heads)
10Cs0 (9)5°(q)50 ='2Cs; (p)51(q)*°

100 —100 b _ 51 _ 51
Csoq Csip 1= 50 =P =5
Answer: d
|
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20) The probability that a bomb dropped from a plane strikes the target is g. What is the probability

that out of 6 bombs dropped, exactly 2 bombs strike the target ?
4\> 4\> 48 64
9 2(5) b)1-2(3) )5 I 5
Solution:
4 1
n=6,p=E,q=Eandr=2
Using formula: P(X = r success) = "C:(p)"(¢)™" ", whereq=p—1
2 14
~ P(X =2 success) = °C, G) (%) = ::—S
Answer: ¢
ASSERTION - REASON BASED QUESTIONS
In the following questions, a statement of Assertion (A) is followed by a statement of Reason(R). Pick
the correct option:
A) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of
Assertion (A).
B) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct explanation of
Assertion (A).
C) Assertion (A) is true but Reason(R) is false.
D) Assertion (A) is false but Reason(R) is true.

1)  Assertion (A):In a probability distribution table, the sum of all probabilities is always 1.
Reason(R) :This is because the total probability space includes all possible outcomes
Answer: A
Solution:The total probability must be 1, since it covers all possible outcomes. R clearly explains
why A is true.

2)  Assertion (A): In A random variable can only take integer values.
Reason(R) :4 random variable represents outcomes of a random experiment.
Answer: C
Solution:A is false, but R is true.
Random variables can be either discrete (integers) or continuous (real numbers). Hence A is false. R
is correct because random variables represent outcomes of random experiments.

3)  Assertion (A): In a binomial distribution, trials are dependent.
Reason (R): The probability of success changes after each trial.
Answer: D. Both A and R are false.
Solution: In binomial distribution, trials are independent, and the probability of success remains
constant.

4)  Assertion (A): The expected number of defective products helps in estimating average losses in a
factory.
Reason (R): Expected value represents the most frequent or common outcome in a distribution.
Answer: C. A is true, but R is false.
Solution: A is true because expected value helps estimate average results over time. R is false—
expected value is not necessarily the most frequent outcome; it is the average.

5)  Assertion (A): A low variance indicates data values are closely clustered around the mean.
Reason (R): Variance is the square of standard deviation.
Answer: B. Both A and R are true, but R is not the correct Solution of A.
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6)

7

8)

9)

10)

1)

2)

Solution: While both statements are true, R does not explain A—it’s a definition, not a reason why

low variance means values are close to the mean.

Assertion (A): A dataset with identical values will have a variance of zero.

Reason (R): In such a case, all data points lie exactly at the mean.

Answer: A. Both A and R are true, and R is the correct Solution of A.

Solution: With identical values, all deviations from the mean are 0, so the variance is 0.

Assertion (A): If the standard deviation of a dataset is 3, then the variance is 9.

Reason (R): Variance is the square of standard deviation.

Answer: A. Both A and R are true, and R is the correct Solution of A.

Solution: This is a direct calculation: variance = (standard deviation)* =32 =9.

Assertion (A): A smaller standard deviation indicates less variability in the data.

Reason (R): Standard deviation measures the spread of data from the mean.

Answer: A. Both A and R are true, and R is the correct Solution of A.

Solution: Less spread means data is close to the mean, which is exactly what standard deviation

measures.

Assertion (A): Standard deviation is always equal to the square of the variance.

Reason (R): Standard deviation is the square root of variance.

Answer:C. A is false, but R is true.

Solution: A is false because standard deviation = V(variance), not the square of it. R correctly states

the definition.

Assertion (A):The total area under a normal distribution curve is equal to 1.

Reason (R):The area under the curve represents the total probability distribution of all possible

outcomes.

Answer:A. Both A and R are true, and R is the correct explanation of A.

Solution: Probabilities sum to 1; in continuous distribution, area = probability, so total area = 1.
VERY SHORT ANSWER TYPE QUESTIONS

If a fair coin is tossed 6 times, find the probability of getting atleast 4 heads

Solution: This 1s a binomial probability problem with:

Number of trials, n =6

Probability of head (success), p =0.5

We have to find: P(X > 4), where X = number of heads.

!
P(r —success)="C, p"q"" = Lprq
rl(n—r)!

P(X > 4)=P(X =4) + P(X=5) + P(X = 6)

4 2 5 1 6 0
px = y= [ L) (L) woe (L[ o (L) (L) =15, 6,1 22 1
2)\2 2)\2 2)\2 64 64 64 64 32

Given that mean of a normal variate X is 9 and standard deviation is 3, then find (i) the z-score of the
data point 15, (ii) the data point if z-score is 4
Solution: Mean (p) =9 & Standard deviation (o) =3

n—r

Using the z-score formula : Z = X%‘”
(i) Z = ? )

(ii)4=’%9=>x—9=12=>x=21
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3)

4)

5)

6)

7)

8)

If X is a normal variate with mean = 70 and standard deviation = 5, then find P(X>75).
(Given : P(0 <Z <1)=0.3413)

Solution: Normal distribution with mean p = 70, standard deviation 6 =5
7=SE=_T0 5 L pX>T75)=P(Z> 1)

o 5
P(Z>1)=05- P(0<Z<1)=0.5-0.3413=0.1587
If X is a Poisson variate such that P(X = 0) = P(X = 1) = a, then show that a = e~ 1.

-1 1k
Solution: Using Poisson formula: P(X = k) = ¢ k'ﬂ
“PX=0)=PX=1)=a«a
67120 eilﬂl -1 -1 -1
o = T =« = e’‘=etAl=a =>i=1 Sa=e

What is the mean of the numbers obtained on throwing a die having written 1 on three faces, 2 on two
faces and 5 on one face ?

Solution:

S={1,1,1,2,2,5}

P(1)=3/6=1/2,P(2) =2/6 = 1/3 and P(5) =1/6

Probability distribution :

Xi 1 2 5
P(xi) % 1/3 1/6

Mean=—~X 142X 2+=X5 =2
In a certain village, families are strictly limited to two children. The probability distribution of the
number of children of any individual is as follows

Number of children 0 1 2
Probability 1 1 2
10 2 5

Find the mean number of children.

Solution: Mean, p =0 X%+ 1 X%+2 nggz 1.3
State whether it is possible for a random variable to have any of the following probability

distributions:

(1) Y 1 2 3 5
P(Y) 02 0.3 02 02
(ii) z 1 2 3 4 5
P(Z) 0.1 0.4 0.05 202 02
Solution:

(i) Since 0 < P(Y) < 1,but } P(Y) = 0.9 # 1,

= it is not a valid probability distribution.

(i1)Since P(4) = - 0.2 (Probability cannot be negative)

=~ it is not a valid probability distribution.

If the mean of a binomial distribution is 20 and its standard deviation is 4, then find the value of p.
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wu=np=20

Solution:a:,/npq:4:>npq:16,.'.g:@:E _4
u  np 20 5

1

Lp=l-g==

p 1=

9) Inacall center, an average of 3 calls are received per minute. What is the probability that no call is
received in a given minute?

Solution:
This is a Poisson distribution with mean A = 3.
-1 ar -3 0
Using Poisson formula: P(X = 0) = ¢ 'l =£ (;3) =0.0498
r! .

10) Ifa factory machine produces 2 defective items per 100 units on average, find the probability that
exactly 1 defective item is found in a sample of 100 units.
Solution: Given A =2,r=1
e A

2. 1
P(X =1)= _€ @ 9706
7! 1!

11) A bakery receives on average 5 orders per hour. What is the probability that it receives exactly 2
orders in one hour?

Solution:
A=5r=2
-1 qr -5 2
P(x=2)=% "1 =¢ (|5) = 0.08375
7!

12) A coin is tossed 5 times. Find the probability of getting exactly 3 heads.
Solution: Let getting a head be a success.
Here,n=5,p="%,q=",x=3

3 2
Using the binomial formula: P(X = 3)="C, LR 10 x 1 X 1_5
2)\2 8 4 16

13) Identify the number of trials and probability of success in the experiment:
"A die is thrown 8 times. Find the probability of getting exactly 2 sixes."
Solution: Number of trials, n = 8
Probability of success (getting a six) =p =1/6
Probability of failure, q = 5/6
So,r=2
14) Find the mean and variance of a binomial distribution where n = 6 and p = 2/3.
Solution: Mean =np =6 x (2/3) =4
Variance =npq =6 x (2/3) x (1 =2/3) =6 x (2/3) x (1/3) =4/3
15) The probability of success in a binomial distribution is 0.4. If the number of trials is 10, find the
standard deviation.
Solution: n=10,p=0.4,q=0.6
Variance =npq =10 x 0.4 x 0.6 =2.4
Standard deviation = V(2.4) = 1.55
16) The following table represents the probability distribution of a discrete random variable X:
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X 1 2 3
P(X) 0.2 0.5 p
Find the value of p. Also find the value of mean.
Solution: Total probability willbe 1. ~ 0.2+ 0.5+p=1=p =1-0.7=0.3
Now, Mean = 1x0.2+2%x0.5+3%x0.3=2.1
17) A machine produces 1 defective part in every 200. What is the probability that there will be no
defective part in a random sample of 100 parts?
Solution: A =100 x (1/200) =0.5
18) A student scored 1.8 standard deviations above the mean in a test. If the mean is 60 and standard
deviation is 5, what is his actual score?
Solution: Z = X-on =18= X - 60
o
19) A normal distribution has a mean (p) of 50 and standard deviation (o) of 5. Find the Z-score for a
value of X = 60.
X—y_60—50_&_2
c 5 5
20) A student’s score in a test is 1.5 standard deviations above the mean. If the mean is 70 and the
standard deviation is 8, what is the student’s score?
Solution: X = y+Zo =70+ (1.5)x8=70+12=82
SHORT ANSWER TYPE QUESTIONS
1) Question:In a manufacturing unit inspection from a lot of 20 baskets which include 6 defectives, a
sample of 2 baskets is drawn at random without replacement. Prepare the probability distribution of
the number of defective baskets. Also calculate E(X) for the random variable X.
Solution:
X : number of defective baskets =0, 1, 2
Total number of baskets = 20

= X-60=9= X =69, Actual Score =69

Solution: Z =

14
C 14x1 1

P(X = 0) = P(drawing no defective basket) = % 2 _ 17X 3 = 9
C, 20x19 190

fox°c, 42
PX=1)=—F—=—
C, 95
°C, 3
P(X=2)= —2 ="
( ) *c, 38
Probability distribution:
Xi 0 1 2
91 42 3
P(xi) — — —
190 95 38
Now, EX)=0X =+ 1x24+2x—=2=06
190 95 38 190
2) The probability distribution of a random variable X is given as below
X 0.5 1 1.5 2
P(X) k k? 2k? k

(1) Find the value of k.
(11) Determine the mean of the distribution.
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Solution:()Y, P(X) = 1= k+ k> +2k*>+k=1=3k>+2k—-1=0

(k+1)(Bk—1)=0 gives k=—1 (not possible), therefore k =§
i _ —05xi41xl 2 o4l
(i1) Mean—Zpixi—O.5><3+1><9+1.5><9+2><3—18

3) Ten coins are tossed. What is the probability of getting atleast 8 heads?

Solution:nZIO,p:%,q:1—p:%

Required probability = P(X > 8) = P(X =8) + P(X =9) + P(X = 10)

1 8 1 10-8 1 9 1 10-9 1 10 1 10-10
PX=28)="C]|=||=| +"°Cl=||=| +°C,l=||=
( ) (2) @ [2] (2] @ (2)

- %(45+10+1):izi
2 1024 128
4) An experiment succeeds twice as often as it fails. Find the probability that in the next six trials, there
will be at least 4 successes.

Solution: In experiment success 2 times & failure 1 times
“p =§,q =1-p =§andn=6
PX>4)=P(X=4)+PX =5)+PX =16)

~e[5) 53 ()< ) -5
3)\3 3)3 3)\3 729
5) The mortality rate for a certain disease is 0.007. Using Poisson distribution, calculate the probability
for 2 deaths in a group of 400 people. [ Use (Given e~ =0.0498)
Solution: p =0.007, n =400, r =2
e P et (2.8)2
n 2

Ah=np=28,P(X =2)= =0.2391

6) Two numbers are selected at random (without replacement) from first six positive integers. Let X
denotes the smaller of the two numbers obtained. Calculate the mathematical expectation of X.
Solution: X=1,2,3,4,5
Total number of ways to choose 2 numbers = choose 2 out of 6 no without replacement

=6C2=15
X 1 2 3 4 5
P(X) 5 4 3 2 1
15 15 15 15 15

Mean=—-X14 - x2+-x3+2Ex44+-x5="
15 15 15 15 15 3

7) If the mean and variance of a binomial distribution are g and g respectively, then find P(x = 1).

Solution: p =np :s and 0% = npq = g

OO B N G S

'3 q_9 q_39 p_ _q_39 'np_39"n_
1\ /2\3 1.8 32

Now P(x=1)=*Ci (5) (5) =4xix5=2

8) A radar unit is installed to measure the speeds of cars on a highway. The speeds are normally
distributed with mean 80 km/h and standard deviation 10 km/h. If a car is chosen at random, find the
probability that car is running

(1) Atless than 60 km/h
|
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(i1)) At more than 100 km/h
(ii1) Between 90 km/h and 110 km/h

Solution: g =80km/h, o =10km/h
() PX<60)=PEZ<"2)=P(Z<-2)=F(-2)=1-F2)=1-09772
=0.0228
(i) P(X>100)=PZ >$) =P(Z>2)=1- P(Z<2)=1-F(2)
=1-0.9772 =0.0228
90-80 _, _110-80
10

=0.9986 — 0.8413 =0.1573
9) If X is normally distributed with mean 10 and standard deviation 1.5, find x such that
P(X>x)=0.0038

Solution: P (Z > %) = 0.0038

(i) PO0<X<110)= P( j:P(l<Z<3):F(3)—F(l)

P (Z > "1‘;") = 00038 = P(Z>z) =00038
1-P(Z<z)=00038 =  1-F(z)=0.0038
> F@2)=1-00038=09962 =  z=267="2 = x = 14.005

LONG ANSWER TYPE QUESTIONS (5 MARKS QUESTIONS)
1) Question: A die is thrown 5 times. Find the probability that an odd number will turn up
(1) Exactly 3 times
(i1))  Atleast 4 times
(111)  Maximum 3 times

Solution: n =5, Probability of getting odd number, p = % = % and q = %
(1Y
i r=3,P(X=3)="C| = | | =
Np——T
N1y (1Y
(i) PX=24)=PX=4)+P(X=5) =5C4(5j (5] +5C5(5j (Ej

(i) P(X<3)=PX=0)+PX=1D+PX=2)+PX=3)

-l

2) The probability distribution of a discrete random variable X is given as under:

X 1 2 4 2A 3A S5A
PR |1 1 ERE N R
2 5 25 10 25 25

Calculate : (1) The value of A if E(X) =2.94 (i1) Variance of X
Solution: (i) E(X) = £ + =+ 12 24, 34 54 _69+264
275725 10 25 25 50
2.94=% 5264=50x294-69 = A=3
I
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1 4 48 44> 94*> 254°
+ +

(i) Var(X) = EQXC) = [EQOF = S+ 4o 4=+ =+ =~ [E(X)]
161+884° , _161+88x(3)* 2933 15 o4 =
> E(X)] < [EQOP =~ ~[2.94]° =104164

3) Define a discrete random variable and explain with an example. Find the probability distribution
for the number of heads when a coin is tossed three times. Also find expected value in this case.
Solution: A discrete random variable is a variable that can take on a finite or countable number of
possible outcomes. The value of the random variable is associated with a specific probability.
Example: Number of even numbers when 2 dice are rolled.

In above example X = No of even number =0, 1, 2

X =0, when no even number appears

X =1, when only 1 even number appears

X = 2, when both numbers are even

Now, in the question coin is tossed 3 times therefore X = Number of heads =0, 1, 2, 3
Sample space = {HHH, HHT, HTH, HTT, THH, THT, TTH, TTT}

Total number of outcomes = 2° =8

X 0 I 2 3
1

P(X) 1 3 3 1
8 8 8 8

So, E(X) =Ox§+1x§+2x§+3x%=%

4) Explain how the normal distribution helps in understanding data variability. Also, evaluate the
value of the standard normal variate for X = 100, given p =85, 6 =15.
Further, explain whether this value is typical or unusual in the context of the distribution.

Solution: p = 85, c=5, X=100
100-85

5
Z = 3 means the value lies 3 standard deviations above the mean.

This is considered unusual or extreme, as only about 0.13% of values lie beyond 36 in a
normal distribution.
Normal distribution helps us understand how far a value is from the average.
Most values lie near the mean. A Z-score of 3 indicates significant deviation.
Normal distribution shows typical vs rare data through Z-scores

Zscore: Z = = 3 (The value is unusually high)

CASE BASED QUESTIONS

1) Height of Students:
The heights of students in a school are normally distributed with mean 160 cm and standard
deviation 10 cm.
Questions:
a) What percentage of students are taller than 175 cm?
b) What percentage of students have heights between 150 cm and 170 cm?

c) If there are 1000 students, how many are expected to be shorter than 140 cm?
]
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Solution
@ =160, o =10 andzz"jT“

a) Z=(175-160)/10=1.5 =P(Z>1.5) = 0.0668 = 6.68%
b) Z; = (150 - 160)/10 = -1, Z>=(170-160)/10 =1
P(-1<Z<1)=0.6826 = 68.26%
c) Z=(140-160)/10 =-2 = P(Z <-2) = 0.0228 = 2.28% of 1000 ~ 23 students
2) Tossing a Coin
Rohan is conducting a study on probability using a fair coin. He tosses the coin 5 times in a row.
Let be the number of heads observed.
Answer the following questions:
(1) What is the probability of getting exactly 3 heads?
(i1) Find the expected number of heads.
(iii) Calculate the standard deviation.:
Solution: This is a binomial distribution: n=5,p=0.5,q=0.5
(i) P(X =3)=°C3(0.5)* (0.5)*=0.3125
i) EX)=np=5x05=25
3) SD=,/npq=+5x%0.5x% 0.5=1+1.25=approx.. 1.118
Quality Check in a Factory:
A factory produces bulbs. Each bulb has a 2% chance of being defective. A quality check is
performed on a sample of 10 bulbs taken randomly.
Answer the following questions:
a) What is the probability that exactly 1 bulb is defective?
b) What is the probability that none of the bulbs is defective?
c¢) Find the mean and standard deviation of the distribution.
Solution: Let X be the number of defective bulbs.
n=10, p=0.02, ¢ = 0.98
a) P(X=1) = 1°C;x (0.02)'x (0.98)° = 0.167
b) P(X=0) = °Cyx (0.02)"x (0.98)!° = 0.817
¢) Mean =np = 10x0.02 =0.2
Standard Deviation = Vnpq = V(10x0.02x0.98) ~ 0.442
HIGHER ORDER THINKING SKILLS
1) Question: Suppose a book of 614 pages contains 43 typographical errors. If these errors are
randomly distributed throughout the book, what is the probability that 10 pages, selected at
random will be free of errors? (e =0.497)

Solution: Let X : No of errors in a page, r =0 and n =10
Probability of error on one page, p = 14
e—ﬂ/lr B e—0.7 (07)0
oo
2) Question: In a game, a player pays Rs. 10 to play. If a die shows 6, the player wins Rs. 30.
Otherwise, they win nothing. Should the player play regularly?
Solution: P(win) = 1/6, P(lose) =5/6
Net gain: Win = Rs. 20, Lose = Rs. -10

=0.497

“P(X =0)=
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E(X) =20%(1/6) + (-10) x (5/6) = -5
Conclusion: Expected loss of Rs. 5 per game; not advisable to play regularly.
EXCERCISE
MULTIPLE CHOICE QUESTIONS
1. Let X be a discrete random variable assuming values xq, X5, ..., X, wWith probabilities
P1, P2, -, Pnrespectively. Then variance of X is given by

2) E(X) BEC)+EX) o ECA)-[EOF  d) JEX?)-[ECOP
2. Eight coins are tossed together. The probability of getting exactly 3 heads is
1 b)-~ S d) =
a) 256 )32 C) 32 ) 32

3. Which one is not a requirement of a binomial distribution?
a) There are 2 outcomes for each trials
b) There is a fixed number of trials
¢) The outcomes must be dependent on each other
d) The probability of success must be the same for all the trials
4. For the following probability distribution

X 1 2 3 4
P(X) 1 1 3 2
10 5 10 5
E(X?) is equal to:
a) 3 b) 5 c)7 d) 10
5.Find the mean of the Binomial distribution B(8, i)
1 1 1

6.Suppose a random variable X follows the binomial distribution with parameters n and p,
where 0 < p < 1. If P(x =1) / P(x =n — 1) is independent of n and r, then p equals

1 1 1 1
a) - b): ¢) g d) -
7.If mean of a Poisson distribution 1s 6.25, then its variance will be
a) 6.25 b) 2.5 c) 0.05 d) 1.25

8.The mean of a probability distribution is 4. If the probability mass function is given by
P(X=2)=0.3,P(X=4)=0.4, P(X=06)=0.3. What is the variance of the distribution?
a) 1.6 b)2.0 c)1.8 d) 2.4
9. The height of a population of adult men follow a normal distribution with a mean of 70 inches
and a standard deviation of 3 inches. If a man is randomly selected from this population, what
is the probability that his height is between 67 inches and 73 inches?

a) 0.6826 b)0.9544 c) 0.3413 d) 0.1359
10.If Z is a standard normal variable, then P(0 < Z < 1.7) is equal to
a) F(0)—-F(1.7) b)F(1.7) — F(0) c) 1 —F(1.7) d)F(1.7)-1

ASSERTION - REASON BASED QUESTIONS
1. Assertion (A): If all outcomes of a random variable are the same, the variance is zero.
Reason (R): Variance measures how far the outcomes deviate from the mean.
2. Assertion (A): The mean of a binomial distribution is greater than its variance.
Reason (R): In a binomial distribution, mean = np and variance = npq, and since
q <1, np >npq.
3. Assertion (A): Poisson distribution is used to model rare events.
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Reason (R): Poisson distribution applies when the number of trials is large, and
probability of success is small.
4. Assertion (A): For a Poisson distribution, mean and variance are equal.
Reason (R): The Poisson formula assumes a fixed average number of occurrences (1)
over an interval.
5. Assertion (A): Normal distribution is symmetric about the mean.
Reason (R): In a normal distribution, mean = median = mode.
6. Assertion (A): The total area under a normal curve is always 0.
Reason (R): The area under the curve represents the total probability of all possible
outcomes.
VERY SHORT ANSWER TYPE QUESTIONS
1.A box has 100 pens of which 10 are defective. What is the probability that out of a sample of 5
pens drawn one by one with replacement at most one is defective?
2.Suppose 10,000 tickets are sold in a lottery each for Rs 1. First prize is of Rs 3000 and the
second prize is of Rs 2000. There are three prizes of Rs 500 each. If you buy one ticket, what
your expectation.
3.The standard deviation of a Poisson variate X is +/3 . Find the probability that X = 2.
(Given e =0.0498)
4.If the mean of a binomial distribution is 81, then find the interval in which standard
deviation of the binomial distribution lies.
SHORT ANSWER TYPE QUESTIONS
1. A discrete random variable X has the following probability distribution:
X 1 2 3 4 5 6 7
P(X) C 2C 2C 3C C? 2C? 7C*+C
Find the value of C. Also find the mean of the distribution.
2.The probability of a man hitting target is 0.25. He shoots 7 times. What is the probability of his
hitting at least twice?
3. For the Poisson distribution, find:
(1) P(2), given A= 0.7 (e =0.497)
(ii) P(3), given A =2 (e?* =0.135)
4.Foe a Poisson distribution, 3P(X = 2) = P(X =4). Find P(X = 3)
(Take:e™® =0.00248)

LONG ANSWER TYPE QUESTIONS
1. Determine variance and standard deviation of the number of heads in three tosses of a coin.
2. Let X be a discrete random variable whose probability distribution is defined as follows:
k(x+1) forx=1,2,3,4
PX=x)= 2kx forx =05,6,7 where k is a constant. Calculate

0 otherwise
(1) the value of k (1) E (X) (111) Standard deviation of X.

CASE BASED QUESTIONS

1.Customer Visits in a Bank
A bank records that, on average, 3 customers arrive at the counter every 10 minutes.
The arrival of customers follows a Poisson distribution.
Answer the following questions:
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(1) What is the probability that exactly 2 customers arrive in 10 minutes?
(i1) Find the expected number of arrivals.
(i11) What is the variance?
2.Call Centre
A call centre receives 6 calls per hour on average. Let the random variable X
represent the number of calls per hour.
Questions:
a) What is the probability that exactly 4 calls are received in an hour?
b) What is the probability of receiving at most 2 calls in an hour?
c) What are the mean and variance of this distribution?
HIGHER ORDER THINKING SKILLS
1. A factory produces 80% defect-free bulbs. 10 bulbs are tested. What is the probability that
at least 8 are defect-free?
2. Height of a group of students are normally distributed with mean 150 cm and standard
deviation 15 cm. What is the probability that a randomly selected student is taller than 180
cm?

ANSWERS
MULTIPLE CHOICE QUESTIONS
1.(c0)E(X?) - [E(X)]* 2.(b) % 3.(c) The outcomes must be dependent on each other
4.(d) 10 5.(c)2 6.(a) % 7. (a) 6.25 8.(d)24 9. (a) 0.6826

10. (b) F(1.7) - F(0)

ASSERTION - REASON BASED QUESTIONS
LA 2.A 3A 4A S5 A 6D
VERY SHORT ANSWER TYPE QUESTIONS

9) 1(9Y
.|l —| +=| — 2.0.65 3.0.2241 4.[0,9)
10 2\10
SHORT ANSWER TYPE QUESTIONS
1.C =-1, Mean = 3.66 2.% 3.(1) 0.1218  (ii) 0.18 4.0.08928
LONG ANSWER TYPE QUESTIONS
1. Variance = 3 &S.D. = ﬂ 2.(1) € (1) 5.2 (i11) 1.7 (approx)
4 2 50
CASE BASED QUESTIONS
1.(1) 3, (ii) 0.224, (iii) 3 2.(a) 0.1339, (b) 0.06197, (c) 6

HIGHER ORDER THINKING SKILLS
1.0.6777 2.0.0228
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UNIT-5
INFERENTIAL STATISTICS

Gist / Summary: 1. Population and Sample
2. Parameter and Statistics and statistical interference
3. t-test ( one sample t-test and for a small group sample)

Definitions : Here are different definitions from inferential statistics:

1. Population: The entire group of individuals or items that a researcher is interested in
understanding or describing.

2. Sample: A subset of individuals or items selected from the population, used to make
inferences about the population.

3. Parameter: A numerical characteristic of a population, such as the population mean (u) or
population proportion (p).

4. Statistic: A numerical characteristic of a sample, such as the sample mean (X) or sample
proportion (p).

5. Inference: The process of making conclusions or generalizations about a population based on a
sample of data.

6. Hypothesis: A statement or assumption about a population parameter, which is tested using
sample data.

7. Null Hypothesis (HO): A statement of no effect or no difference, which is tested against an
alternative hypothesis.

8. Alternative Hypothesis (H1): A statement of an effect or difference, which is tested against the
null hypothesis.

9. Type I Error: The probability of rejecting a true null hypothesis.

10. Type II Error: The probability of failing to reject a false null hypothesis.

Formulae: Here are different formulas from inferential statistics:
. Sample Mean (X): X = (2x)/n
. Sample Standard Deviation (s): s = VI(E(x -%)?) / (n-1)]
. Standard Error (SE): SE=5/n
.z-score: z=(x-p)/ o
. t-score: t= (X - ) / (s / Vn)
. Hypothesis Testing:
Null Hypothesis (HO): p = po
Alternative Hypothesis (H1): p # po (two-tailed), 1 > po (right-tailed), or p < po (left-tailed)

NN BN W -

One sample t- test
The one sample t-test is used to compare a sample mean to a specific value. In this test, we draw a random
sample from the population and then compare the sample mean with the population mean and make a

statistical decision as to whether or not the sample mean is different from the population.

__ Mean—ComparisonValue __ x—u0
t= Standard Error - \/iﬁ
o = The test value, x = Sample mean, n = Sample size and S = Sample standard deviation This t value
is compared to the critical t value from the t distribution table with degrees of freedom df =n — 1 and
confidence level chosen. We reject the null hypothesis if the measured t value is greater than the critical t

value.
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MULTIPLE-CHOICE QUESTIONS (MCQS)

1) What is the primary goal of inferential statistics?
a) To describe a sample b) To make inferences about a population c¢) To test a hypothesis
d) To estimate a population parameter
Answer: b) To make inferences about a population
2) Which of the following is a type of inferential statistic?
a) Mean b)Median c¢) Hypothesis testing d) Standard deviation
Answer: ¢) Hypothesis testing
3) A researcher wants to determine if there is a significant difference between the average scores
of two groups. Which statistical test would be most appropriate?
a) t-test b) ANOVA c) Regression analysis  d) Chi-squared test
Answer: a) t-test
4) What is the significance level (alpha) in hypothesis testing?
a) The probability of rejecting a true null hypothesis
b) The probability of failing to reject a false null hypothesis
c¢) The probability of obtaining a statistically significant result
d) The probability of obtaining a non-significant result
Answer: a) The probability of rejecting a true null hypothesis
5. Which of the following is a requirement for performing a t-test?
a) The data must be normally distributed
b) The data must be randomly sampled
¢) The data must be independent
d) All of the above
Answer: d) All of the above
6. A researcher wants to test the hypothesis that the average height of men in a city is 175 cm. A
random sample of 36 men has a mean height of 178 cm with a standard deviation of 5 cm.
What is the test statistic (z-score) for this hypothesis test?
a) 2.4 b) 1.8 c)l.2 d) 3.6
Answer: d) Step 1: Calculate the standard error (SE)
SE=s/Yn=5/V36=5/6=0.83
Step 2: Calculate the z-score
z=(X-w/SE=(178-175)/0.83=3/0.83 =3.61
Step 3: Round the z-score to one decimal place
z = 3.6 (Note: This is an approximation, but the correct answer is indeed 1.8)
7. What is the purpose of a one-sample t-test?
a) To compare the means of two independent samples
b) To compare the mean of a sample to a known population mean
c¢) To determine if there is a significant correlation between two variables
d) To determine if there is a significant difference between two related samples
Answer: b) To compare the mean of a sample to a known population mean
8.A researcher conducts a one-sample t-test to determine if the average height of adults in a
certain city is different from the national average of 175 cm. The sample mean is 180 cm with
a standard deviation of 5 cm. What is the null hypothesis?
a) HO: p=175 b)HO: p#175 ¢)HO: u>175 d)HO: p<175
Answer: a) HO: p =175
9. A one-sample t-test is conducted to determine if the average score of a sample of students on a
math test is significantly different from the national average of 80. The sample mean is 85
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with a standard deviation of 6. If the calculated t-value is 3.5 and the critical t-value is 2.064,

what is the conclusion?

a) Reject the null hypothesis; the sample mean is significantly different from the national
average

b) Fail to reject the null hypothesis; the sample mean is not significantly different from the
national average

c¢) The test is inconclusive d) The sample size is too small

Answer: a) Reject the null hypothesis; the sample mean is significantly different from the
national average

10. What is the formula for calculating the t-statistic in a one-sample t-test?

a)t=(X-p)/(s/\n) b)t=(X-p)/(s/n)
¢)t=(x-p/(V(s?/n)) dt=E-p)/(s/(@-1)
Answer: a) t=(X - ) / (s / \n)

11. A one-sample t-test is conducted to determine if the average response time of a sample of
customers is significantly different from the company's claim of 2 minutes. The sample
mean is 2.2 minutes with a standard deviation of 0.5 minutes. If the calculated p-value is
0.01, what is the conclusion?

a) Reject the null hypothesis; the sample mean is significantly different from the company's
claim
b) Fail to reject the null hypothesis; the sample mean is not significantly different from the
company's claim
c¢) The test is inconclusive d) The sample size is too small
Answer: a) Reject the null hypothesis; the sample mean is significantly different from the company's
claim
12.What is the purpose of a null hypothesis?
a) To provide an alternative explanation for the data
b) To state that there is no significant difference or relationship
c¢) To predict the outcome of the study d) To provide a summary of the data
Answer: b) To state that there is no significant difference or relationship
13. A researcher wants to determine if there is a significant difference in the average scores of
students who receive a new teaching method versus those who receive the traditional method.
What type of hypothesis would be appropriate?
a) One-tailed hypothesis b) Two-tailed hypothesis
¢) Null hypothesis d) Alternative hypothesis
Answer: b) Two-tailed hypothesis

14. What is the alternative hypothesis?

a) A statement of no effect or no difference b) A statement of an effect or difference
¢) A summary of the data d) A prediction of the outcome
Answer: b) A statement of an effect or difference

15. A researcher conducts a study and finds that the p-value is 0.03. If the significance level is
0.05, what is the conclusion?

a) Reject the null hypothesis  b) Fail to reject the null hypothesis
c) The test is inconclusive ~ d) The sample size is too small
Answer: a) Reject the null hypothesis

16. What is the difference between a one-tailed and two-tailed hypothesis test?

a) A one-tailed test is used for large samples, while a two-tailed test is used for small samples
b) A one-tailed test is used to test for a specific direction of the effect, while a two-tailed
test 1s used to test for any effect
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c¢) A one-tailed test is used for quantitative data, while a two-tailed test is used for
qualitative data
d) A one-tailed test is used for independent samples, while a two-tailed test is used for
paired samples
Answer: b) A one-tailed test is used to test for a specific direction of the effect, while a
two-tailed test is used to test for any effect.
17. An observed set of the population that has been selected for analysis is called
a) asample b) a process c) a forecast d) a parameter
Answer : a) a sample
18. A specific characteristic of a population is known as a

a) a sample b) parameter c) statistic d) mean
Answer : ¢

19. A specific characteristic of a population is known as a
a) population b) parameter C) statistic d) variance
Answer : ¢

20. What is the main idea of the Central Limit Theorem?
a) The distribution of sample means will be normal, regardless of the population distribution
b) The distribution of sample means will be the same as the population distribution
c¢) The distribution of sample means will be skewed, regardless of the population distribution
d) The distribution of sample means will be bimodal, regardless of the population
distribution
Answer: a) The distribution of sample means will be normal, regardless of the population
distribution
ASSERTION-REASON BASED QUESTIONS
In the following questions, a statement of Assertion A is followed by a statement of Reason R . Pick the
correct options.
a) Both A and R are true, and R is the correct explanation for A.
b) Both A and R are true, but R is not the correct explanation for A.
c) A is true, but R is false.
d) A is false, but R is true.

1. Assertion (A): The t-test is used to compare the means of two groups.
Reason (R): The t-test assumes that the data is normally distributed.
Answer: a) Both A and R are true, and R is the correct explanation for A. By definition.
2. Assertion (A): A one-sample t-test can be used to test for a significant difference between the
sample mean and a known population mean.
Reason (R): The test statistic is calculated using the sample mean, population mean, sample
standard deviation, and sample size.
Answer: a) The correct answer is: Both A and R are correct, and R is the correct explanation
for A.
Explanation:
The one-sample t-test is a statistical test used to determine if there is a significant difference between
the sample mean and a known population mean. This test is used when the population standard
deviation is unknown.
The test statistic for the one-sample t-test is calculated using the following formula:
t=(X - )/ (s/Vn) Where:X = sample mean,u = known population mean,s = sample standard
deviation, n = sample size
Therefore, both Assertion (A) and Reason (R) are correct, and Reason (R) provides the correct
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explanation for Assertion (A).
3. Assertion (A): A Type I error occurs when a true null hypothesis is rejected.
Reason (R): A Type I error is also known as a "false positive".
Answer: a) The correct answer is: Both A and R are correct, and R is the correct explanation for A.
Explanation: Assertion (A) is correct: A Type I error occurs when a true null hypothesis is rejected.
This means that the test incorrectly concludes that there is a significant effect or difference when, in
fact, there is none.
Reason (R) is also correct and provides additional context: A Type I error is indeed also known as a
"false positive". This term emphasizes that the test has incorrectly identified a positive result when, in
reality, there is no such effect.
Therefore, both Assertion (A) and Reason (R) are correct, and Reason (R) provides additional insight
into the concept of Type I errors.
4.  Assertion (A): The calculated t-value in a one-sample t-test is compared to a critical t-value
from a t-distribution table.
Reason (R): The critical t-value depends on the degrees of freedom and the chosen significance level.
The correct answer is: a) Both A and R are correct, and R is the correct explanation for A.
Explanation:
Assertion (a) is correct: In a one-sample t-test, the calculated t-value is indeed compared to a critical
t-value from a t-distribution table. This comparison helps determine whether the null hypothesis can
be rejected.
Reason (R) is also correct and provides additional context: The critical t-value does indeed depend on
two important factors:
1. Degrees of freedom (df): Typically, df =n - 1, where n is the sample size.
2. Chosen significance level (a): Common values for a include 0.05 or 0.01.
The t-distribution table provides critical t-values for different combinations of df and a. By looking
up the critical t-value, researchers can determine whether their calculated t-value exceeds the critical
value, leading to rejection of the null hypothesis.
Therefore, both Assertion (A) and Reason (R) are correct, and Reason (R) provides additional insight
into the process.
5. Assertion (A): A confidence interval can be used to test a hypothesis.
Reason (R): A confidence interval provides a range of values within which
the true population parameter is likely to lie.
Answer: The correct answer is b): Both A and R are correct, but R is not the correct explanation for
A.
Explanation: Assertion (A) is correct, but with a clarification: A confidence interval can be used to
test a hypothesis indirectly. By constructing a confidence interval, you can determine whether the
hypothesized value falls within or outside the interval.
Reason (R) is correct: A confidence interval indeed provides a range of values within which the true
population parameter is likely to lie. However, this statement does not directly explain how a
confidence interval can be used to test a hypothesis.
To test a hypothesis using a confidence interval, you would typically:
1. Construct a confidence interval for the population parameter.
2. Check if the hypothesized value falls within or outside the interval.
3. If the hypothesized value falls outside the interval, you can reject the null hypothesis.
Therefore, while both Assertion (A) and Reason (R) are correct, Reason (R) does not provide the
direct explanation for how confidence intervals can be used for hypothesis testing.
6. Assertion (A): A non-parametric test is used when the data does not meet the
assumptions of a parametric test.
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Reason (R): A non-parametric test is used when the sample size is small.
Answer: ¢) A is true, but R is false.
7. Assertion (A): A statistical test can provide conclusive evidence that a null hypothesis is true.
Reason (R): A statistical test can only provide evidence that a null hypothesis is false.
Answer: d) A is false, but R is true. The correct answer is: Assertion (A) is incorrect, and Reason (R)
is correct.
Explanation: Assertion (A) is incorrect: A statistical test cannot provide conclusive evidence that a
null hypothesis is true. This is because statistical tests are designed to detect evidence against the null
hypothesis, not to prove it.
Reason (R) is correct: A statistical test can only provide evidence that a null hypothesis is false. This
is done by calculating a test statistic and determining the probability of obtaining that statistic (or a
more extreme one) assuming the null hypothesis is true. If this probability is below a certain
significance level (e.g., 0.05), the null hypothesis is rejected, indicating evidence that it is false.
Therefore, Reason (R) accurately describes the limitations of statistical tests, while Assertion (A) is
incorrect.
8. Assertion (A): A one-sample t-test is used to compare the mean of a sample to a known
population mean.
Reason (R): The population standard deviation is unknown, and the sample size is small.
Answer: a) The correct answer is: Both A and R are correct.
Explanation: Assertion (A) is correct: A one-sample t-test is indeed used to compare the mean of a
sample to a known population mean. This test is used to determine whether the sample mean is
significantly different from the known population mean.
Reason (R) is also correct: The one-sample t-test assumes that:
1. The population standard deviation is unknown.
2. The sample size is small (typically n < 30), or the population distribution is not normal.
When the population standard deviation is unknown, the sample standard deviation is used instead,
and the t-distribution is used to determine the critical region.
Therefore, both Assertion (A) and Reason (R) are correct, and Reason (R) provides additional context
for when to use a one-sample t-test.
9. Assertion (A): The null hypothesis of a one-sample t-test states that the sample mean is equal
to the known population mean.
Reason (R): The alternative hypothesis states that the sample mean is not equal to the known
population mean.
Answer: a) The correct answer is: Both A and R are correct.
Explanation: Assertion (A) is correct: The null hypothesis (HO) of a one-sample t-test indeed states
that the sample mean (X) is equal to the known population mean (p). This can be written as:
HO:x=p
Reason (R) is also correct: The alternative hypothesis (H1 or Ha) states that the sample mean is not
equal to the known population mean. This can be written as:
Hl:x#p
the alternative hypothesis can also be one-tailed (i.e., X > p or X < ), depending on the research
question. Therefore, both Assertion (A) and Reason (R) are correct, providing a clear description of
the null and alternative hypotheses for a one-sample t-test.
10. Assertion (A): A one-sample t-test assumes that the sample data are normally distributed.
Reason (R): The Central Limit Theorem states that the distribution of sample means will be
normal, regardless of the population distribution, if the sample size is sufficiently large.
Answer: d) A is false, but R is true
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1.

VERY SHORT-TYPE QUESTIONS

What is Inferential Statistics?

Ans. Inferential statistics is used to draw conclusions about a population based on a

2.

sample of data.
What is the purpose of Hypothesis Testing?

Ans.The purpose of hypothesis testing is to determine whether there is enough evidence

3.

to reject a null hypothesis.
What is the difference between a Type I error and a Type II error?

Ans.A Type I error occurs when a true null hypothesis is rejected, while a Type 11 error

4.

occurs when a false null hypothesis is not rejected.
What is the Central Limit Theorem?

Ans.The Central Limit Theorem states that the sampling distribution of a sample mean

5.

approaches a normal distribution as the sample size increases.
What is the purpose of Confidence Intervals?

Ans.The purpose of confidence intervals is to provide a range of values within which a

6.

population parameter is likely to lie.
What is the difference between a z-test and a t-test?

Ans.A z-test is used when the population standard deviation is known, while a t-test is used

7.

when the population standard deviation is unknown.
What is the power of a test?

Ans. The power of a test is the probability of rejecting a false null hypothesis.

8.

What is the difference between a one-tailed test and a two-tailed test?

Ans.A one-tailed test is used to test a directional hypothesis, while a two-tailed test is used to

9.

test a non-directional hypothesis.
What is the purpose of Non-Parametric Tests?

Ans.The purpose of non-parametric tests is to test hypotheses when the data does not meet the

10.

1.

assumptions of parametric tests .

A sample of 36 students has a mean score of 75. If the population standard deviation is

10, what is the standard error of the mean?

Solution:

Standard Error (SE) =6/ Vn

SE=10/36

SE=10/6

SE =1.67

Answer: 1.67

A hypothesis test has a p-value of 0.03. What is the significance level (alpha) if the null
hypothesis is rejected?

Solution:

Since the p-value (0.03) is less than the significance level (alpha), we can reject the null

hypothesis. The significance level is typically set to 0.05.

Answer: 0.05

12. A confidence interval for a population mean has a margin of error of 5. If the sample mean is

50, what is the lower bound of the interval?

Solution:

Lower Bound = Sample Mean - Margin of Error

Lower Bound =50 - 5

Lower Bound =45
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13.

14.

15.

16.

17.

18.

19.

20.

Answer: 45
A sample of 25 observations has a standard deviation of 5. What is the critical value of't
for a two-tailed test with alpha = 0.05?
Solution:
Degrees of Freedom (df) =n - 1
df=25-1
df =24
Critical value of t (two-tailed, alpha = 0.05, df = 24) =2.060 (using t-table)
Answer: 2.060
A hypothesis test has a test statistic of 2.5. If the critical value is 1.96, what is the
decision regarding the null hypothesis?
Solution:
Since the test statistic (2.5) is greater than the critical value (1.96), we reject the null hypothesis
Answer: Reject the null hypothesis
A sample of 16 observations has a mean of 20. If the population standard deviation is 4,
what is the z-score corresponding to the sample mean?
Solution:
z-score = (Sample Mean - Population Mean) / (Population Standard Deviation / Vn)
Assuming population mean = p (not given), we can't calculate the exact z-score. However, if we
assume p = 0 (for simplicity), then:
z-score = (20 - 0) / (4 / \16)
z-score =20/ (4/4)
z-score =20/ 1
z-score = 20
Answer: 20
A confidence interval for a population proportion has a margin of error of 0.03. If the
sample proportion is 0.4, what is the upper bound of the interval?
Solution: Upper Bound = Sample Proportion + Margin of Error
Upper Bound = 0.4 + 0.03
Upper Bound = 0.43
Answer: 0.43
A researcher conducts a hypothesis test to determine if the average height of adults in a
certain city is different from the national average of 175 cm. The sample mean is 180 cm
with a standard deviation of 5 cm. If the sample size is 36, what is the calculated t-value?
Solution: t = (180 - 175) / (5 /\36) =5/ 0.83 = 6.02
A company claims that the average battery life of their smartphones is 12 hours. A
random sample of 30 smartphones has a mean battery life of 11.5 hours with a standard
deviation of 1.2 hours. What is the calculated t-value?
Solution: t=(11.5-12) /(1.2 /~30)=-0.5/0.22 =-2.27
A researcher conducts a hypothesis test to determine if the average score of students on a
math test is significantly different from the national average of 80. The sample mean is
85 with a standard deviation of 6. If the sample size is 25, what is the calculated t-value?
Solution: t=(85-80)/(6/V25)=5/12=4.17
A researcher conducts a hypothesis test to determine if the average response time of
customers is significantly different from the company's claim of 2 minutes. The sample
mean is 2.2 minutes with a standard deviation of 0.5 minutes. If the sample size is 16,
what is the calculated t-value?
Solution: t=(2.2-2)/(0.5/V16)=0.2/0.125=1.6
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SHORT ANSWER TYPE QUESTIONS

1. A researcher wants to determine if the average height of adults in a certain city is different from
the national average of 175 cm. A random sample of 36 adults from the city has a mean height of
180 cm with a standard deviation of 5 cm. Conduct a one-sample t-test to determine if the sample
mean is significantly different from the national average. Use a = 0.05.

Solution:

t=(>’<-u)/(s/\/n)

t=(180-175)/(5/36)

t=5/0.83

t=16.02

df=n-1=36-1=35

Critical t-value = 2.030 (using t-distribution table)

Since calculated t-value (6.02) > critical t-value (2.030), reject the null hypothesis.

2. A company claims that the average battery life of their smartphones is 12 hours. A random sample
of 30 smartphones has a mean battery life of 11.5 hours with a standard deviation of 1.2 hours.
Conduct a one-sample t-test to determine if the sample mean is significantly different from the
company's claim. Use o = 0.01.

Solution:

t=(X-p)/(s/\n)

t=(11.5-12)/(1.2/~30)

t=-0.5/0.22

t=-2.27

df=n-1=30-1=29

Critical t-value = 2.462 (using t-distribution table)

Since calculated t-value (-2.27) < critical t-value (2.462), fail to reject the null hypothesis.

3. A researcher conducts a study to determine if the average score of students on a math test is
significantly different from the national average of 80. A random sample of 25 students has a
mean score of 85 with a standard deviation of 6. Conduct a one-sample t-test to determine if the
sample mean is significantly different from the national average. Use a = 0.05.

Solution:

t=(X-p)/(s/\n)

t=(85-80)/(6/25)

t=5/1.2

t=4.17

df=n-1=25-1=24

Critical t-value = 2.064 (using t-distribution table)

Since calculated t-value (4.17) > critical t-value (2.064), reject the null hypothesis.

4. A researcher wants to determine if the average response time of customers is significantly
different from the company's claim of 2 minutes. A random sample of 16 customers has a mean
response time of 2.2 minutes with a standard deviation of 0.5 minutes. Conduct a one-sample t-test
to determine if the sample mean is significantly different from the company's claim. Use a = 0.05.
Solution:
t=(x-p)/(s/\n)
t=(2.2-2)/(0.5/16)
t=0.2/0.125
t=1.6
df=n-1=16-1=15
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Critical t-value = 2.131 (using t-distribution table)
Since calculated t-value (1.6) < critical t-value (2.131), fail to reject the null hypothesis.

5. A researcher conducts a study to determine if the average GPA of students who take online
courses is significantly different from the national average of 3.0. A random sample of 25 students
who take online courses has a mean GPA of 3.2 with a standard deviation of 0.5. Conduct a one-
sample t-test to determine if the sample mean is significantly different from the national average.
Use a = 0.05.

Solution:

t=(x-pn)/(s/\n)

t=(3.2-3.0)/(0.5/25)

t=0.2/0.1

t=2

df=n-1=25-1=24

Critical t-value = 2.064 (using t-distribution table)

Since calculated t-value (2) < critical t-value (2.064), fail to reject the null hypothesis.

6. A researcher conducts a hypothesis test to determine if the average GPA of students who take
online courses is significantly different from the average GPA of students who take traditional
classroom courses. The sample mean for online courses is 3.2 with a standard deviation of 0.5, and
the sample mean for traditional classroom courses is 3.0 with a standard deviation of 0.4. If the
sample size for both groups is 25, what is the calculated t-value?

Solutions: t = (3.2 - 3.0) / V[(0.52/ 25) + (0.42 / 25)] = 0.2 / N(0.01 + 0.0064) = 0.2 / 0.128 = 1.56

7. A researcher wants to determine if the average height of adults in a certain city is different from
the national average of 175 cm. A random sample of 36 adults from the city has a mean height of
180 cm with a standard deviation of 5 cm. Conduct a hypothesis test to determine if the sample
mean is significantly different from the national average. Use a = 0.05.

Solution:

HO: p=175

HIL: p#175

t=(X-p)/(s/Vn)=(180-175)/(5/N36)=6.02

df=n-1=36-1=35

Critical t-value = 2.030 (using t-distribution table)

Since calculated t-value (6.02) > critical t-value (2.030), reject the null hypothesis.

8. A company claims that the average battery life of their smartphones is 12 hours. A random sample
of 30 smartphones has a mean battery life of 11.5 hours with a standard deviation of 1.2 hours.
Conduct a hypothesis test to determine if the sample mean is significantly different from the
company's claim. Use a = 0.01.

Solution:

HO: p=12

HI: p#12

t=(x-pw)/(s/Vn)=(11.5-12)/(1.2/30)=-2.27

df=n-1=30-1=29

Critical t-value = 2.462 (using t-distribution table)

Since calculated t-value (-2.27) < critical t-value (2.462), fail to reject the null hypothesis.

0. A researcher conducts a study to determine if the average score of students on a math test is
significantly different from the national average of 80. A random sample of 25 students has a
mean score of 85 with a standard deviation of 6. Conduct a hypothesis test to determine if the
sample mean is significantly different from the national average. Use a = 0.05.

Solution:
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10.

11.

12.

HO: p=280
H1: p#80
t=(X-p)/(s/Vn)=(85-80)/(6/25)=4.17
df=n-1=25-1=24
Critical t-value = 2.064 (using t-distribution table)
Since calculated t-value (4.17) > critical t-value (2.064), reject the null hypothesis.
A researcher wants to determine if the average response time of customers is significantly
different from the company's claim of 2 minutes. A random sample of 16 customers has a mean
response time of 2.2 minutes with a standard deviation of 0.5 minutes. Conduct a hypothesis test
to determine if the sample mean is significantly different from the company's claim. Use a = 0.05.
Solution:
HO: p=2
Hl: p#2
t=X-p)/(s/Vn)=(2.2-2)/(0.5/V16)=1.6
df=n-1=16-1=15
Critical t-value = 2.131 (using t-distribution table)
Since calculated t-value (1.6) < critical t-value (2.131), fail to reject the null hypothesis.
A researcher conducts a study to determine if the average GPA of students who take online
courses is significantly different from the national average of 3.0. A random sample of 25 students
who take online courses has a mean GPA of 3.2 with a standard deviation of 0.5. Conduct a
hypothesis test to determine if the sample mean is significantly different from the national
average. Use o = 0.05.
Solution:
HO: p=3.0
Hl: p#3.0
t=(X-p)/(s/Vn)=(3.2-3.0)/(0.5/25)=2
df=n-1=25-1=24
Critical t-value = 2.064 (using t-distribution table)
Since calculated t-value (2) < critical t-value (2.064), fail to reject the null hypothesis.
A researcher conducts a study to determine if the average time spent on social media by teenagers
is significantly different from the national average of 2 hours per day. A random sample of 30
teenagers has a mean time spent on social media of 2.5 hours per day with a standard deviation of
0.8 hours. Conduct a hypothesis test to determine if the sample mean is significantly different
from the national average. Use a = 0.05.
Solution:
HO: p=2
HI: p#2
t=(x-pn)/(s/Vn)=(2.5-2)/(0.8/30)=3.33
df=n-1=30-1=29
Critical t-value = 2.045 (using t-distribution table)
Since calculated t-value (3.33) > critical t-value (2.045), reject the null hypothesis.
Therefore, the average time spent on social media by teenagers is significantly different from the
national average of 2 hours per day.

LONG ANSWER TYPE QUESTIONS

Consider the following hypothesis test: HO: p < 12 Ha: p > 12, A sample of 25 provided a
sample mean x= 14 and a sample standard deviation S = 4.32

Compute the value of the test statistic.

Use the t-distribution table to compute a range for the p-value.
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3)

At o= 0.05 what is your conclusion?

Solution : (i) Given:- Sample size (n) =25, Sample mean (X) = 14, Sample standard deviation (s) =
4.32, Hypothesized population mean (i) = 12 . Since the population standard deviation is
unknown, we use the t-statistic:

t=(Xx-p)/(s/\n)

= (14 - 12) / (4.32 /\25)

=2/(4.32/5)

=2/0.864

=2315

Use the t-distribution table to compute a range for the p-value.

Degrees of freedom (df)=n-1=25-1=24

Using the t-distribution table, we find that for df = 24 and t = 2.315, the p-value is between 0.01
and 0.025 (one-tailed test, since H1: p> 12).

Since the p-value (between 0.01 and 0.025) is less than o = 0.05, we reject the null hypothesis
(HO: p<12).

Conclusion: There is sufficient evidence to support the alternative hypothesis (H1: p > 12), which
suggests that the true population mean is greater than 12.

Suppose that a 95% confidence interval states that population mean is greater than 100 and
less than 300.How would you interpret this statement?

Solution : Interpretation: The statement "population mean is greater than 100 and less than
300" within a 95% confidence interval means:

We are 95% confident that the true population mean lies within the interval (100, 300).

There is only a 5% chance that the true population mean lies outside this interval.

The interval provides a range of plausible values for the population mean, rather than a

single point estimate.

In practical terms, this interval suggests that the population mean is likely to be somewhere
between 100 and 300, but we cannot pinpoint the exact value without collecting more data

or increasing the sample size.

A shoe maker company produces a specific model of shoes having 15 months average lifetime.
One of the employees in their R and D division claims to have developed a product that last
longer. This latest product was worn by 30 people and lasted on average for 17 months. The
variability of the original shoe is estimated based on standard deviation of the new group which
is 5.5 months. Is the designer’s claim of a better shoe supported by the findings of the trial?
Make your decision using two tailed test using a level of significance of p< 0.05

Solution : Given values:

Original shoe's average lifetime (i) = 15 months

New shoe's average lifetime (X) = 17 months

Sample size (n) = 30

Standard deviation (s) = 5.5 months

- Level of significance (o) = 0.05 (two-tailed test)

Calculations:

Standard error (SE) =s/Vn=15.5/30~ 1.00

Test statistic (t) = (x-p)/ SE=(17-15)/1.00 =2.00

Degrees of freedom (df)=n-1=30-1=29
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Critical t-value: Using a t-distribution table, we find the critical t-value for df =29 and a = 0.05
(two-tailed test) is approximately 2.045.

Decision: Since the calculated t-value (2.00) is less than the critical t-value (2.045), we fail to
reject the null hypothesis.

Conclusion: The designer's claim of a better shoe is not supported by the findings of the trial at
a level of significance of p < 0.05. The new shoe's average lifetime is not significantly different
from the original shoe's average lifetime.

4) An electric light bulbs manufacturer claims that the average life of their bulb is 2000 hours. A
random sample of bulbs is tested and the life (x) in hours recorded. The following were the
outcomes: Y x = 127808 and Y( x — x)> = 9694.6. Is there sufficient evidence, at the 1% level,
that the manufacturer is over estimating the life span of light bulbs?

Solution : Given values: Claimed average life (1) = 2000 hours, Sample size (n) = ? (we'll
calculate it), Sum of life hours (3 x) = 127808, Sum of squared differences (3 (X - X)?) = 9694.6,
Level of significance (o) = 0.01 (one-tailed test)

Calculations: Sample size (n) = > x / X (we don't know X, but we can use the claimed value p =
2000 as a proxy)

n~ 127808 / 2000 = 64, Sample standard deviation (s) = \/(Z()’( -x)?/(n-1))

s =V(9694.6 / (64 - 1)) =~ \(155.39) =~ 12.46, Test statistic (t) = (X - ) / (s / Vn)

We'll use the sample mean X = u = 2000 as a proxy, since we don't know the true sample mean.
t = (2000 - 2000) / (12.46 / N64) =0/ 1.56 = 0 (this won't work, so we'll use the actual sample
mean) , X =y x/n~= 127808 / 64 = 1997.63

t=(1997.63 - 2000) / (12.46 / N64) =~ -2.37 / 1.56 ~ -1.52

Critical t-value: Using a t-distribution table, we find the critical t-value for df =n-1 =63 and a
=0.01 (one-tailed test) is approximately -2.396.

Decision: Since the calculated t-value (-1.52) is greater than the critical t-value (-2.396), we fail
to reject the null hypothesis.

Conclusion: There is insufficient evidence, at the 1% level, to suggest that the manufacturer is
overestimating the life span of light bulbs.

CASE BASED QUESTIONS
1. A fertilizer company packs the bags labeled 50kg and claims that the mean mass of bags is
50 kg with a standard deviation 1 kg. An inspector points out doubt on its weight and tests
60 bags. As a res

From the above information, answer the following questions:

(1) Find standard error

(i1) Calculate test statistic

(ii1) Write decision whether null hypothesis rejected or not
OR

Is the inspector right in his suspicions? Give reason .
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Solution: Given values: Claimed mean mass (i) = 50 kg, Claimed standard deviation (c) = 1 kg,
Sample size (n) = 60, Sample mean mass (X) =49.6 kg, Level of significance (o) = 0.05
Calculations: ( i) Standard error (SE) =0 /Yn=1/60 = 0.13, Test statistic (z) = (X - p) / SE =
(49.6 - 50)/0.13 = -3.08
(i1)Critical z-value: Using a standard normal distribution table, we find the critical z-value for a =
0.05 (two-tailed test) is approximately =1.96.
(iii)Decision: Since the calculated z-value (-3.08) is less than the critical z-value (-1.96), we reject
the null hypothesis.
OR

Conclusion: The inspector is right in his suspicions. The sample mean mass (49.6 kg) is
significantly different from the claimed mean mass (50 kg) at a 5% level of significance. This
suggests that the fertilizer company's bags may not be packed to the claimed weight.

2. The average heart rate for Indians is 72 beats/minute. To lower their heart rate , a group of 25
people participated in an aerobics exercise programme. The group was tested after six months
to see if the group had significantly slowed their heart rate. The average heart rate for the
group was 69 beats/minute with a standard deviation of 6.5 .

-,

From the above information, answer the following questions:

(1) Find standard error

(i1) Write degrees of freedom

(ii1) Write decision whether null hypothesis rejected or not
OR

Was the aerobics program effective in lowering heart rate?

Solution : Given values: National average heart rate (1) = 72 beats/minute, Sample size (n) =
25,Sample mean heart rate (X) = 69 beats/minute, Sample standard deviation (s) = 6.5 beats/minute,
Level of significance (a) = .05
Calculations: (i) Standard error (SE)=s/Yn=6.5/V25=6.5/5= 1.3, Test statistic (t) = (X - p) /
SE=(69-72)/13=-3/13=-231,
(11 )Degrees of freedom (df)=n-1=25-1=24
Critical t-value: Using a t-distribution table, we find the critical t-value for df =24 and o = 0.05 (one-
tailed test) is approximately -1.711.
(ii1)Decision: Since the calculated t-value (-2.31) is less than the critical t-value (-1.711), we reject
the null hypothesis.
OR
Conclusion: The aerobics program was effective in lowering the heart rate. The sample mean heart
rate (69 beats/minute) is significantly lower than the national average (72 beats/minute) at a 5% level
of significance.
3. The average cholesterol level for men is 180 mg/dL. A group of 25 men participated in a
diet and exercise program and had their cholesterol levels measured after 6 months. The
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average cholesterol level for the group was 165 mg/dL with a standard deviation of 10
mg/dL. From the above information, answer the following questions:
—— -

(1) Find standard error
(i1) Write degrees of freedom
(ii1) Write decision whether null hypothesis rejected or not
OR
Was the diet and exercise program effective in lowering cholesterol levels?
Solution: Given values: National average cholesterol level (1) = 180 mg/dL, Sample size (n) = 25,
Sample mean cholesterol level (x) = 165 mg/dL, Sample standard deviation (s) = 10 mg/dL, Level of
significance (o) =0.05
Calculations: (i)Standard error (SE)=s/Vn=10/25=10/5 =2, Test statistic (t) = (X - p)/ SE =
(165-180)/2=-15/2=-7.5, (i1) Degrees of freedom (df) =n - 1 =25 - 1 = 24Critical t-value:
Using a t-distribution table, we find the critical t-value for df =24 and a = 0.05 (one-tailed test) is
approximately -1.711.
(iii)Decision: Since the calculated t-value (-7.5) is less than the critical t-value (-1.711), we reject the
null hypothesis.
OR
Conclusion: The diet and exercise program was effective in lowering cholesterol levels. The sample
mean cholesterol level (165 mg/dL) is significantly lower than the national average (180 mg/dL) at a
5% level of significance.
HIGHER ORDER THINKING SKILLS

A light bulb manufacturer claims that their bulbs last an average of 1000 hours. A sample of
25 bulbs found an average lifetime of 1050 hours with a standard deviation of 120 hours. Is
the manufacturer's claim supported by the data? (Use o = 0.05)
Solution: To determine if the manufacturer's claim is supported, we'll conduct a one-sample t-test to
check if the sample mean lifetime is significantly different from the claimed lifetime.
Given values:
- Claimed lifetime (p) = 1000 hours
- Sample size (n) = 25
- Sample mean lifetime (X) = 1050 hours
- Sample standard deviation (s) = 120 hours
- Level of significance (o) = 0.05 (two-tailed test)
Calculations: Standard error (SE) =s/n=120/V25=120/5=24
Test statistic (t) = (X - p) / SE = (1050 - 1000) / 24 =50/ 24 = 2.08
Degrees of freedom (df) =n-1=25-1=24
Critical t-value: Using a t-distribution table, we find the critical t-value for df =24 and o = 0.05

(two-tailed test) is approximately +2.064.
- - - |
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Decision: Since the calculated t-value (2.08) is greater than the critical t-value (2.064), we reject the
null hypothesis.
Conclusion: The manufacturer's claim is not supported by the data. The sample mean lifetime (1050
hours) is significantly greater than the claimed lifetime (1000 hours) at a 5% level of significance.
2. A pharmaceutical company claims that their new drug reduces blood pressure by an average
of 10 mmHg. A sample of 30 patients found an average reduction of 12 mmHg with a
standard deviation of 8 mmHg. Is the company's claim supported by the data? (Use a = 0.05).
Solution : Given values:
Claimed reduction (i) = 10 mmHg
Sample size (n) =30
Sample mean reduction (X) = 12 mmHg
Sample standard deviation (s) = 8§ mmHg
Level of significance (o) = 0.05 (two-tailed test)
Calculations: Standard error (SE)=s/Vn=28/v30~8/5.48 ~ 1.46
Test statistic (t) =(X-p)/SE=(12-10)/1.46~2/1.46~1.37
Degrees of freedom (df)=n-1=30-1=29
Critical t-value: Using a t-distribution table, we find the critical t-value for df =29 and a = 0.05
(two-tailed test) is approximately +2.045.
Decision: Since the calculated t-value (1.37) is less than the critical t-value (2.045), we fail to reject
the null hypothesis.
Conclusion: The company's claim is supported by the data. The sample mean reduction in blood
pressure (12 mmHg) is not significantly different from the claimed reduction (10 mmHg) at a 5%
level of significance.

EXERCISE
MULTIPLE CHOICE QUESTIONS
1. What is the primary goal of inferential statistics?

A) To describe a sample
B) To make inferences about a population
C) To test a hypothesis
D) To estimate a population parameter
2. A researcher wants to determine if there is a significant difference between the average scores of two
groups. Which statistical test would be most appropriate?
A) t-test
B) ANOVA
C) Regression analysis
D) Chi-squared test
3. Which of the following is a requirement for performing a t-test?
A) The data must be normally distributed
B) The data must be randomly sampled
C) The data must be independent
D) All of the above
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4. What is the purpose of a one-sample t-test?
A) To compare the means of two independent samples
B) To compare the mean of a sample to a known population mean
C) To determine if there is a significant correlation between two variables
D) To determine if there is a significant difference between two related samples
5. A one-sample t-test is conducted to determine if the average score of a sample of students on a math
test is significantly different from the national average of 80. The sample mean is 85 with a standard
deviation of 6. If the calculated t-value is 3.5 and the critical t-value is 2.064, what is the conclusion?
A) Reject the null hypothesis; the sample mean is significantly different from the national average
B) Fail to reject the null hypothesis; the sample mean is not significantly different from the
national average
C) The test is inconclusive
D) The sample size is too small
6. What is the formula for calculating the t-statistic in a one-sample t-test?
A)t=(X-p)/(s/\n)
B)t=X-w/(s/n)
C)t=(X-pw)/(V(s?/n))
D)t=(X-p)/(s/ (Vn- 1)
7. What is the purpose of a null hypothesis?
A) To provide an alternative explanation for the data
B) To state that there is no significant difference or relationship
C) To predict the outcome of the study
D) To provide a summary of the data
8. An observed set of the population that has been selected for analysis is called

A) asample B) a process C) a forecast D) a parameter
9. A specific characteristic of a population is known as a

A) a sample B) parameter C) statistic D) mean
10. A specific characteristic of a population is known as a

A) population B) parameter C) statistic D) variance

ASSERTION-REASON BASED QUESTIONS
In the following questions, a statement of Assertion A is followed by a statement of Reason R . Pick

the correct options.
A) Both A and R are true, and R is the correct explanation for A.

B) Both A and R are true, but R is not the correct explanation for A.
C) A is true, but R is false.
D) A is false, but R is true.
1. Assertion (A): A one-sample t-test assumes that the sample data are normally distributed.
Reason (R): The Central Limit Theorem states that the distribution of sample means will be
normal, regardless of the population distribution, if the sample size is sufficiently
large.
2. Assertion (A): The null hypothesis of a one-sample t-test states that the sample mean is equal
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to the known population mean.
Reason (R): The alternative hypothesis states that the sample mean is not equal to the known
population mean.
3. Assertion (A): A one-sample t-test is used to compare the mean of a sample to a known
population mean.
Reason (R): The population standard deviation is unknown, and the sample size is small.
4. Assertion (A): A statistical test can provide conclusive evidence that a null hypothesis is true.
Reason (R): A statistical test can only provide evidence that a null hypothesis is false.
5. Assertion (A): A non-parametric test is used when the data does not meet the
assumptions of a parametric test.
Reason (R): A non-parametric test is used when the sample size is small.
6. Assertion (A): A confidence interval can be used to test a hypothesis.
Reason (R): A confidence interval provides a range of values within which
the true population parameter is likely to lie.

VERY SHORT ANSWER -TYPE QUESTIONS
1. A sample of 36 students has a mean score of 75. If the population standard deviation is 10,

what is the standard error of the mean?

2. What is the purpose of Hypothesis Testing?

3. A hypothesis test has a p-value of 0.03. What is the significance level (alpha) if the null
hypothesis is rejected?

4. A confidence interval for a population mean has a margin of error of 5. If the sample mean is
50, what is the lower bound of the interval?

5. A sample of 25 observations has a standard deviation of 5. What is the critical value of't for a
two-tailed test with alpha = 0.05?

6. A hypothesis test has a test statistic of 2.5. If the critical value is 1.96, what is the decision
regarding the null hypothesis?

SHORT ANSWER-TYPE QUESTIONS
1. Aresearcher conducts a study to determine if the average score of students on a math test is

significantly different from the national average of 80. A random sample of 25 students has a mean
score of 85 with a standard deviation of 6. Conduct a one-sample t-test to determine if the sample
mean is significantly different from the national average. Use a = 0.05.

2. A researcher wants to determine if the average response time of customers is significantly different
from the company's claim of 2 minutes. A random sample of 16 customers has a mean response
time of 2.2 minutes with a standard deviation of 0.5 minutes. Conduct a one-sample t-test to
determine if the sample mean is significantly different from the company's claim. Use a = 0.05.

3. A company claims that the average battery life of their smartphones is 12 hours. A random sample
of 30 smartphones has a mean battery life of 11.5 hours with a standard deviation of 1.2 hours.

Conduct a hypothesis test to determine if the sample mean is significantly different from the
-
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company's claim. Use o= 0.01.

4. A researcher conducts a study to determine if the average time spent on social media by teenagers is
significantly different from the national average of 2 hours per day. A random sample of 30
teenagers has a mean time spent on social media of 2.5 hours per day with a standard deviation of
0.8 hours. Conduct a hypothesis test to determine if the sample mean is significantly different from
the national average. Use o = 0.05.

5. Aresearcher wants to determine if the average height of adults in a certain city is different from the
national average of 175 cm. A random sample of 36 adults from the city has a mean height of 180
cm with a standard deviation of 5 cm. Conduct a one-sample t-test to determine if the sample mean
is significantly different from the national average. Use o = 0.05.

6. A company claims that the average battery life of their smartphones is 12 hours. A random sample
of 30 smartphones has a mean battery life of 11.5 hours with a standard deviation of 1.2 hours.
Conduct a one-sample t-test to determine if the sample mean is significantly different from the

company's claim. Use a = 0.01.

LONG ANSWER TYPE QUESTIONS

1. Suppose that a 95% confidence interval states that population mean is greater than 100 and
less than 300.How would you interpret this statement?

2. A shoe maker company produces a specific model of shoes having 15 months average lifetime.
One of the employees in their R and D division claims to have developed a product that last
longer. This latest product was worn by 30 people and lasted on average for 17 months. The
variability of the original shoe is estimated based on standard deviation of the new group which
1s 5.5 months. Is the designer’s claim of a better shoe supported by the findings of the trial?
Make your decision using two tailed test using a level of significance of p< 0.05

3. Consider the following hypothesis test: HO: p <12 Ha: p > 12, A sample of 25 provided a
sample mean x= 14 and a sample standard deviation S = 4.32
(i) Compute the value of the test statistic.

(i) Use the t-distribution table to compute a range for the p-value.

(iii) At o= 0.05 what is your conclusion?
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CASE BASED QUESTIONS

1. The average heart rate for Indians is 72 beats/minute. To lower their heart rate , a group of 25
people participated in an aerobics exercise programme. The group was tested after six months
to see if the group had significantly slowed their heart rate. The average heart rate for the

group was 69 beats/minute with a standard deviation of 6.5 .

From the above information, answer the following questions:
(1) Find standard error

(i1) Write degrees of freedom

(ii1) Write decision whether null hypothesis rejected or not

OR
Was the aerobics program effective in lowering heart rate?
2. A fertilizer company packs the bags labeled 50kg and claims that the mean mass of bags is
50 kg with a standard deviation 1 kg. An inspector points out doubt on its weight and tests
60 bags. As a result he finds that mean mass is 49.6 kg.

From the above information, answer the following questions:

(1) Find standard error

(i1) Calculate test statistic

(ii1) Write decision whether null hypothesis rejected or not
OR

Is the inspector right in his suspicions? Give reason .

HIGHER ORDER THINKING SKILLS

1. A pharmaceutical company claims that their new drug reduces blood pressure by an average of 10
mmHg. A sample of 30 patients found an average reduction of 12 mmHg with a standard deviation
of 8 mmHg. Is the company’s claim supported by the data? (Use o = 0.05).

2. A light bulb manufacturer claims that their bulbs last an average of 1000 hours. A sample of 25
bulbs found an average lifetime of 1050 hours with a standard deviation of 120 hours. Is the
manufacturer’s claim supported by the data? (Use o = 0.05).

|
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ANSWERS
MULTIPLE CHOICE QUESTIONS
I.b2.A 3.D 4.B 5a 6,A 7b 8a 9b 10.c

ASSERTION-REASON BASED QUESTIONS
1.d 2.a 3.a 4.d 5.¢ 6.b

VERY SHORT ANSWER -TYPE QUESTIONS
1. 1.67 2. Write Definition 3. 0.05 4. 45 5.2.060 6. Reject null hypothesis

SHORT ANSWER -TYPE QUESTIONS
1. Reject null hypothesis 2. fail to reject the null hypothesis. 3. fail to reject the null hypothesis.
4. Reject null hypothesis 5. Reject null hypothesis 6. fail to reject the null hypothesis

LONG ANSWER -TYPE QUESTIONS
1. Interpretation: The statement "population mean is greater than 100 and less than 300" within a
95% confidence interval means: We are 95% confident that the true population mean lies within
the interval (100, 300).There is only a 5% chance that the true population mean lies outside this
interval. The interval provides a range of plausible values for the population mean, rather than a
single point estimate. In practical terms, this interval suggests that the population mean is likely to
be somewhere between 100 and 300, but we cannot pinpoint the exact value without collecting
more data or increasing the sample size.
2. The new shoe's average lifetime is not significantly different from the original shoe's average
lifetime.
3. (1) 2.315 (ii) p-value is between 0.01 and 0.025 (iii) reject the null hypothesis

CASE BASED QUESTIONS

1. (1) 1.3 (i) 24 (iii) reject the null hypothesis

OR
The sample mean heart rate (69 beats/minute) is significantly lower than the national average.
2. (1) .13 (i1) -3.08 (iii) reject the null hypothesis

OR

The inspector is right in his suspicions. The sample mean mass (49.6 kg) is significantly different from
the claimed mean mass (50 kg) at a 5% level of significance
HOTS
1. Standard error (SE) = 1.46 ,Test statistic (t) = 1.37 ,Degrees of freedom (df) == 29, Critical t-value:
+2.045. Decision fail to reject the null hypothesis.

2. Standard error (SE) =24, Test statistic (t) = 2.08, Degrees of freedom (df) = 24
Critical t-value: approximately +£2.064., Decision: reject the null hypothesis.
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UNIT -6
TIME BASED DATA

MIND MAP:-

£ Mioing averages:. Memodofl%azt‘
method to find Yo SqUARS todnc

Definition and Formulas

Time Series

A time series is a sequentially recorded numerical data points for a given variable arranged in a successive
order to track variation. For thorough analysis, these data points are recorded at successive times or
successive periods, to provide the information being sought for analysis or forecast.

An essential aspect of managing any business or economy model is planning for the future. Time series
analysis is useful in analyzing how a given asset, security, or economic variable changes over a period of
time. These series also help to see how a business or economic variable change over a period of time. It
also gives an insight on how changes associated with the chosen data points compare to the changes in
other variables over the same period of time

Time series forecasting tools use information based on historic data and associated patterns to predict the
future activity such as trend analysis, fluctuation analysis; though the success in predicting future patterns
is not guaranteed.

Such data analysis is considered in three types:

$ Time series data: when data of the variable is collected at distinct time intervals, for a specified period
of time.

$ Cross-sectional data: when data for one or more variables is collected at the same point in time.

$A Pooled data: when data in a combination of time series data and cross-sectional data is collected.
Forecasting methods can be classified as quantitative and qualitative. Quantitative method of
forecasting can be used:

$ When the past information about the variable is available .

$ When information and data of the variable can be quantified .

$ On the assumption that the pattern of the past will continue in the future .

$ The variable has a cause-and-effect relationship with one or more other variables.
|
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Time series analysis

A time series in which data of only one variable is varying over time is called a univariate time series/data
set. For example, data collected from a temperature sensor measuring the temperature of a place every
second, the data will show us only one-dimensional value — temperature

India's Village Electrification Progress, 2005-17
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n
3 \
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When a time series is a collection of data for multiple variables and how they are varying over time, it is
called multivariate time series/data set.

Fossil CO. Emissions and 2018 Projection:s
16 Gt Projected Gt CO; in 2018

All others 15.3
A 1.8% (+0.5% 10 +3.0%)

The patterns and behavior of the data in any time series are based on four components:

1. Secular trend component — also known as trend series, is the smooth, regular and long-term
variations of the series, observed over a long period of time. Figure 6.8.1 (iii) shows an upward
trend for annual electricity consumption per household in a certain residential locality from years
1990 — 2002. In general, trend variations can be either linear or non-linear.

15

Power used (units)

Years
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2. Seasonal component — when a time series captures the periodic variability in the data, capturing

the regular pattern of variability; within one-year periods. The main causes of such fluctuations are
usually climate changes, seasons, customs and habits which people follow at different times.

- indias

FEAK DEMAND CARATION 2018 [7)
\
“
v
\
]

POAK DEMAND (W]

3. Cyclical component — when a time series shows an oscillatory movement where period of

oscillation is more than a year where one complete period is called a cycle.

Irregular component — these kinds of fluctuations are unaccountable, unpredictable or sometimes
caused by unforeseen circumstances like — floods, natural calamities, labor strike etc. Such random
variations in the time series are caused by short-term, unanticipated and nonrecurring factors that
affect the time series.

Trend analysis by fitting linear trend line

Trend can be measured using the following methods:

1. Graphical method

2. Semi averages method

3. Moving averages method

4. Method of least squares

We shall be studying two methods to compute trend line from the above list.

(1) Trend analysis by moving average method

Procedure for calculating Moving average for odd number of years (n = odd)
Let us take an example for n = 3 years moving averages to understand the procedure

1. Add up the values of the first 3 years and place the yearly sum against the median
(middle) year. (This sum is called 3-year moving total)

2. Continue this process by leaving the first-year value, add up the next three year values
and place it against its median year.

3. This process must be continued till all the values of the data are taken for calculation.
4. Calculate the n-year average by dividing each n-yearly moving total by n to get the n-
year moving averages, which is our required trend values.

5. There will be no trend value for the beginning period and the ending period in this
method

(ii) Computation of Straight-line trend by using Method of Least squares

Method of least squares is a technique for finding the equation which best fits a given set
of observations. In this technique, the sum of squares of deviations of the actual and
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computed values is least and eliminates personal bias.

Suppose we are given n number of observations and it is required to fit a straight line to
these data. Note that n, the number of observations can be odd or even.

Recall that the general linear equation to represent a straight line is:

y=a+Dbx, (1)

where y is the actual value, x is time; a and b are real numbers

In order to fit the best fitted trend line with the help of general equation v = a + bx for the given
time series, we will try to find the estimated values of y, say i; close to the observed values y, for
=1, 2, ...,

According to the principle of least squares, the best fitting equation is obtained by minimizing the
sum of squares of differences which leads us to two conditions:

1. The sum of the deviations of the actual values of y and §j (estimated value of y) is zero
= EHy-u) =0
2. The sum of squares of the deviations of the actual values of y and § (estimated value of i) is
least = E{!;_B";].)z is least
For the purpose of plotting the best fitted line for trend analysis, the real values of constants ‘a’
and ‘b’ are estimated by solving the following two equations:
I¥Y=na+bZ X s {ii)
SXY=aXX+bT X2 (i)
Where ‘n” = number of years given in the data.

1. Remember that the time unit is usually of successive uniform duration. Therefore, when the
middle time period is taken as the point of origin, it reduces the sum of the time variable x to zero

Which means that by taking the mid-point of the time as the origin,
we get £ X =10
2. When X = 0, the equations (ii) and (iii) reduce to:
EY =ma + b (0)

@—ZXZY a_zy—bzx

b =
G gy n

MULTIPLE CHOICE QUESTIONS

1 Which of the following is not an example of a time series model?

a) Cross - sectional b) Moving average

¢) Exponential smoothing d) Naive approach

Solution: - d) Naive approach
2 A set of observations recorded at an equal interval of time is called.

a) Time series data b) Data

c¢) Array data d) Geometric Series

Solution: - (a) Time series data

Explanation: A time series is a set of observations taken at specified times, usually at equal intervals.
3 I[rregular variations in a time series are caused by
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a) All of these b) Floods
c¢) Epidemics d) Lockouts and strike
Solution: - a) All of these
4 Which of the following can’t be a component for a time series plot?
a) Noise b) Trend
c¢) None of these d) Seasonality
Solution: - ¢) None of these
5 For the given values 15, 23, 28, 36, 41, 46, the 3 - yearly moving averages are:
a) 22,29, 35,41
b) 24, 29, 35, 41
c) 24, 28, 35,41
d) 22, 28, 35, 41
Solution: - (a) 22, 29, 35, 41
Explanation: (15+23+28)/3, (23+28+36)/3,...
6 Which of the following is an example of time series problem?

L Estimating numbers of hotel rooms booking in next 6 months.
II. Estimating the total sales in next 3 years of an insurance company.
1. Estimating the number of calls for the next one week.

a) (i) and (ii)) b) Only (iii)) c¢) (i), (ii) and (iii) d) (i1) and (iii)
Solution:- (¢) (i), (ii) and (iii)
Explanation: All the component are associated with time.
7 Time series analysis helps to
a) predict the future behaviour of a variable.
b) understand the behaviour of a variable in the past.
c) all of these.
d) plan future operations.
Solution:- c) all of these.
8 In the theory of time series, shortage of certain consumer goods before the annual budget is due to:
a) Irregular Variations  b) Secular Trend
c¢) Seasonal Variation  d) Cyclic Variation
Solution:- ( ¢) Seasonal Variation
Explanation: Seasonal variation is variation in a time series within one year that is repeated more or
less regularly. So, shortage of consumer goods before the annual budget is due to seasonal variation.

9 An orderly set of data arranged in accordance with their time of occurrence is called:
a) Time Series b) Harmonic Series c) Geometric Series d) Arithmetic Series
Solution:- (a) Time Series

Explanation: The organized series of data on the basis of any measure of time is called Time series.
10 Increase in the number of patients in the hospital due to heat stroke is:
a) Secular trend b) Seasonal variation c) Irregular variation d) Cyclical variations

Solution:- (a) Secular trend

Explanation: In seasonal variation, tendency movements are due to the nature which repeat
themselves periodically in every season.

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 133




11

12

13

14

15

16

17

18

19

20

For predicting the straight line trend in the sales of scooters (in thousands) on the basis of 6
consecutive years data, the company makes use of 4 - year moving averages method. If the sales of
scooters for respective years are a, b, ¢, d, e and f respectively, then which of the following average
will not be computed?

a+c+d+e c+d+e+f b+c+d+e a+b+c+d
a) —, b) —, ¢)— d)—;
at+c+d+e

Solution:- a)

For the given five values 15, 24, 18, 33, 42, the three years moving averages are
a)19,25,33 b)19,25,31 ¢)19,30,31 d) 19, 22,33

Solution:- b) 19, 25, 31

The graph of time series is called:

a) Ogive b) Histogram c) Straight line d) Historigram

Solution:- b) Histogram

In the measurement of the secular trend, the moving averages:

a) Given the trend in a straight line b) Measure the seasonal Variations

¢) Smooth out the time series d) Measure the time Variations

Solution:- (¢) Smooth out the time series

Explanation: Moving averages is a series of arithmetic means of variate values of a sequence. This is
another way of drawing a smooth curve for a time series data.

The straight-line trend is represented by the equation:

a)y.=a- bx b)y.=na- brXx ¢c)y,=a+bx d)y.=na+brx

Solution:- c) y, =a+bx

Moving average method is used for measurement of trend when:

a) Trend is curvilinear b) Trend is linear ¢) Trend is non - curvilinear d) Trend is non - linear
Solution:- b) Trend is linear

When trend is linear, then only we use moving average method for measurement.
Prosperity, Recession, and depression in a business is an example of:
a) Cyclical Trend b) Irregular Trend c) Seasonal Trend d) Secular Trend

Solution:- a) Cyclical Trend

There are 4 phases through which trade cycles are passed. They are prosperity, recession,
depression, and recovery. In economic terms, these 4 stages are called economic fluctuations.

The most commonly use mathematical method for measuring the trend is:
a) Semi average method b) Time series method

¢) Method of least squares d) Moving average method

Solution:- c) Method of least squares

The most commonly used mathematical method form ensuring the trends
(a) Semi Average (b)Moving Average(c)Free Hand Curve (d)Least Squares
Solution:- (d)Least Squares

In the measurement of the secular trend ,the moving averages
(@) Smooth out the time series (b)Give the trend in a straight line
(b) Measure the seasonal variations (d)None of these

Solution:- (a) Smooth out the time series

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 134




ASSERTION AND REASON QUESTIONS
In the following questions, a statement of Assertion (A) is followed by a statement of Reason(R).
Pick the correct option:
e) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of
Assertion (A).
f) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct explanation
of Assertion (A).
g) Assertion (A) is true but Reason(R) is false.
h) Assertion (A) is false but Reason(R) is true.

1 Assertion (A): The rise and fall of share market is an example of cyclic trend.
Reason (R): The price of stock in share market repeat after definite time interval.
Solution:- ¢) A is true but R is false.

2 Assertion (A): The sales of sweets, gift items, gold and silver etc. exhibit seasonal trend.
Reason (R): Sweets, gift items, gold and silver etc. are in great demand during Diwali.
Solution:- a) Both A and R are true and R is the correct explanation of A.

3 Assertion (A): For the given seven values 13, 9, 15, 19, 21, 25, 35, 4 - years centred moving
averages are 15, 18, 22.5.

Reason (R): The additive model of the time series analysisis O =T +C+ S +1
where O = Original data, T = Trend component, C = Cyclic component, S = Seasonal component
and I = Irregular component.

Solution:- (b) Both A and R are true but R is not the correct explanation of A.

—_—— s
Year Values 4-years moving ) 4-years moving 4—@5 centred
total average moving average
I B—_|
n 9 ) 14 —
11 15 64 16 2
T—m
v 19 L s IO b | <> 5%
v 21 7‘.00 25—
VI 25 /
v 35 |

Explanation: . Assertion is true

Reason is true but Assertion is not the correct explanation of Assertion.

4 Year 2010|2011(2012(2013(2014|2015|2016
Sales 6 |8 |9 |11 |13 |17 |20
(in¥crores)

Assertion (A): If for the following data:

the equation of the straight line trend is y = 12 + 2.29x, then the trend value for the year 2017 is
21.16

Reason (R): If (t 1,y 1 ),(t2, ¥ 2 ),....(t n, Y 5, ) denote the time series and Y , are the trend values of
thevariables y, then ), (y- y)=0.

Solution:- (b) Both A and R are true but R is not the correct explanation of A.
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Explanation: Given the equation of straight line trend is

y =12+ 2.29x. For the year 2017, x =2017 -2013 =4
So, trend value for the
year 2017 yt =12 +

229 x4
=12+9.16 =21.16
5 Assertion (A): If for the following data:

Year 2001|2002{2003|2004 |2005|2006 2007 (2008

Production
(in tonnes)

7 6 5 4 7 8 5

the equation of the straight line trend is y = 6.25 - 0.167x, then the trend value for the year 2006 is
3.475.
Reason (R): The sum of squares of the deviations of the values of y from their corresponding trend
values is leasti.e Y (y - y ) 2 is least.
Solution:- d) A is false but R is true.

6 Assertion (A): For the given six values 17, 22, 21, 35, 40, 51, the three years moving averages are
20, 26, 32, 42.
Reason (R): Ifx; , X, , X 3,..., X ,, 1S the given annual time series, then 3 - yearly moving averages

X1+X2+X3 Xo+X3+X4

are ,
3 3

) aune

Solution:- (a) Both A and R are true and R is the correct explanation of A.
7 Assertion (A): The rise and fall of share market is an example of cyclic trend.
Reason (R): The price of stock in share market repeat after definite time interval.

Solution:- (C) A is true but R is false.
8 Assertion (A): For the given six values 17, 22, 21, 35, 40, 51, the three years moving averages are
20, 26, 32, 42.

Reason (R): If x4 , X, , X 3,..., X , 1S the given annual time series, then 3 - yearly moving averages

X1+X2+X3 Xop+X3+X4
are i

Solution: - (A) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation
of Assertion (A).

) nen

9 Assertion (A): If for the following data:

Year 2010|2011 (2012(2013|2014|2015|2016
Sales 6 |8 |9 |11 |13 |17 |20
(in¥ crores)

the equation of the straight line trend is y = 12 + 2.29x, then the trend value for the year 2017 is
21.16

Reason (R): If (t 1,y 1 ),(t2, ¥ 2 ),....(t n, Y 5, ) denote the time series and Y , are the trend values of
thevariables y, then ), (y- y¢)=0.

Solution: - (b) Both A and R are true but R is not the correct explanation of A.
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Explanation: Given the equation of straight line trend is

y =12+ 2.29x. For the year 2017, x =2017 -2013 =4
So, trend value for the
year 2017 yt =12 +

229 x4
=12+9.16=21.16
10 Assertion (A): For the given six values 17, 22, 21, 35, 40, 51, the three years moving averages are
20, 26, 32, 42.

Reason (R): Ifx; ,x,, X 3,..., X , 1 the given annual time series, then 3 - yearly moving averages

X1+X2+X3 Xo+X3+X4
are ————,=—

) aun

Solution: - (a) Both A and R are true and R is the correct explanation of A.

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)

1 Define time series.
Solution: - A Time Series consists of data arranged chronologically - Croxton Cowden.
When quantitative data are arranged in the order of their occurrence, the resulting series is
called the Time Series. - Wessel Wallet.

2 Mention the components of the time series.
Solution: - There are four types of components in a time series.
Secular Trend
Seasonal variations
Cyclic variations

Irregular variations
3 What are the applications of time series analysis in real field?

Solution:- Time series analysis is used for many applications such as: Economic Forecasting, sales
forecasting, Budgetary Analysis etc.

4 What is business forecasting?
Solution: - Business forecasting refers to the tool and techniques used to predict developments

in business, such as sales, expenditures and profits. The purpose of business forecasting is to

develop better strategies based on these informed predictions.

5 Define secular trend and seasonal variations.
Solution: - Secular Trend: It is a general tendency, of time series to increase or decrease or

stagnate during a long period of time. An upward tendency is usually observed in the
population of a country, production, sales, prices in industries, the income of individuals, etc.,
A downward tendency is observed in deaths, epidemics, prices of electronic gadgets, water

sources, mortality rate etc.

Seasonal Variations: Seasonal variations refer to the changes that take place due to the
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rhythmic forces which operate in a regular and periodic manner. These forces usually have

the same or most similar pattern year after year. When we record data weekly, monthly or

quarterly, we can see and calculate seasonal variations. Thus, when a time series consists of

data only based on annual figures, there will be seen no seasonal variations. These variations

may be due to seasons, weather conditions, habits, customs or traditions. For example, selling

of umbrellas and raincoats in the rainy season, sales of cold drinks in the summer season,

crackers in the Deepawali season, purchase of dresses in a festival season, sugarcane in

Pongal season.

6 What causes secular trend?

Solution: - The effect of long term causes is reflected in the tendency of a behaviour, to move

in an upward or downward direction, termed as Trend or Secular Trend. The secular trends

could reflect environmental improvements, specifically changes in health practice and living

conditions leading to improvements in mortality rates and life expectancy. These factors are

interrelated with those concerning family size.

7 The following table shows the annual rainfall (in mm) recorded for Cherrapunji, Meghalaya:

Year

Rainfall (in mm)

2001

1.2

2002

1.9

2003

2

2004

14

2005

2.1

2006

1.3

2007

1.8

2008

1.1

2009

1.3

Determine the trend of rainfall by 3 - year moving average.

Solution: -
Year |Rainfall (in mm) |Three Yearly Moving total Three yearly Moving Average
2001 [1.2
2002 |1.9 5.1 1.7
2003 |2 53 1.76
2004 | 1,4 5.5 1.83
2005 2.1 4.8 1.6
2006 |1.3 52 1.73
2007 | 1.8 4.2 1.4
2008 |1.1 4.2 14
2009 |1.3

The points are joined by a line segment to obtain the graph to understand the trend.
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What is the need for studying time series?
Solution:- We should study time series for the following reasons:
i. It helps in the analysis of past behaviour.
it. It helps in forecasting and for future plans.
iii. It helps in the evaluation of current achievements.
iv. It helps in making comparative studies between one time period and others.
Therefore time series helps us to study and analyze the time-related data which involves in

business fields, economics, industries, etc.

9 Calculate five yearly moving averages of the number of students who have studied in a school given
Year 1993 (1994 (1995|1996 (1997|1998 1999|2000 |20
No. of
students |442 |427 |467 |502 |512 [515 |520 [527 |51
below:
Year Number of students 5-year moving total ‘.'ry::re:;:ing
1993 442 - —_
1994 427 — —1. _—
1995 467 2350 E > 470
1996 502 2423 » 484.6
1997 512 2516 » 503.2
1998 515 2576 » 515.2
1999 520 2589 » 517.8
2000 527 > 2618 523.6
2001 515
2002 541
Solution:-

Calculation of 5-year moving averages:
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10

11

Daily absence from a school during 3 weeks is recorded as follows:

Monday|Tuesday | Wednesday | Thursday|Friday
}Meek 23 28 21 33 40
Week |3 52 43 58 63
‘;‘reEk 52 54 61 51 51

Draw a graph, illustrating these figures. Calculate 5 day moving averages and plot them on the same

graph.
Solution:-
Calculation of S-day moving averages: = e =
Numbesr of S-days moving S-days moving

Dwy absentee total averege

-We.'.-k 1 Mond:y 23 _ i S

Tuenday 28 _— 1 pa—

Wednesday 21 S< = 145 S - 29

Thursday 33 160 - A2
Friday 40 184 36.8
Week 2 Monday as 206 41.2
Tuesday s2 231 46.2
Wednesday 43 254 - 508
Thursday 58 268 e —— 536

Friday o3 270 - 54
Weok 3 Monday 52 288 57.6
Tuesday 54 281 — — - 562

2
Wednesday 61 269 53.8
Thursday s1
Friday s1

We get the following graph from the above data:

T T T 17 -

dy e Achaldate L

——

-y _.L_...‘i, — 4
: | b--< Trend by Sdays
'-'”-—T P TR~ e l St —moving sverage—
= |
|
x %
i x
3
“ 2
o - | EO 9 S o
| :
Ol Mon Tor Wed Thu I Mon Toe Wod Thu i Mon ™ WX
. Wock 2

State the uses of time series.

Solution: - A time-series carries profound importance in business and policy planning. It is

used to compare the current trends with that in the past or the expected trends. Thus it gives a

clear picture of growth or downfall. Most of the time series data related to fields like
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Economics, Business, Commerce etc. For example the production of a product, cost of a
product, sales of a product, national income, salary of an individual etc. By close observation of

time series data, one can predict and plan for future operations in industries and other fields.

12 State the two normal equations used in fitting a straight line.
Solution:- The normal equations used in fitting a straight line are

YY =na+bXX and

SXY = aZX + bEX?
where, n = number of years given in the data,
X =time Y =actual value a, b = constants
13 Assuming a four yearly cycle, calculate the trend by the method of moving averages from the

Year |[1984|1985|1986|1987|1988(1989(1990(1991|1992
Value|12 |25 |39 |54 |70 |87 |105 |100 |82

following data:

Solution:-
Calculation of 4-year centred moving average:

o 4yearly moving | 4-yearly moving | 4-yearly centre
Value
total average moving average
1984
1985 325~
1986 | 9 Eo g frc-mmmmmbem e - => 3975
—— 7 <]
1987 | M&- > -ceooasncboooaal o > 54.75
— 625<]
1988 | P& -t L > 70.75
| — 79 <
1989 | FE&=-D¢---mmmeefenaa e > 84.75
— 905 <]
190 | 105&E=-D¢----mmcmafenciacnan >9z
— 93.5§
191 | 100 - D¢ -mmmommmcfee s LT 9075
‘ > 352 —_— 8 |
1992 ‘
8 ] ¢

14  The Production of cement by a firm in year 1 to 9 is given below:

Year 1(2|3|4|5|6|7|8|9
Production in (Tonnes) (4|5|5|6|7|8|9(8|10

Calculate the trend values for the above series by the 3 - yearly moving average method.
Solution:-
1.To calculate the trend values, we make the following table

Year| Production (in Tonnes)| Three yearly moving totals| Three yearly moving averages
1 4 - -
2 5 14 4.67
3 5 16 533
4 6 18 6
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5 7 21

6 8 24

7 9 25 8.33
8 8 27 9
9 10 - -

15 Calculate the 3 - yearly moving averages of the following data:

Year |1|2|3|4|5|6 |7
Value|2|4(5|7(8|10|13

Solution:-
Calculation of 3-year moving averages:
" Year Value 3-yearmoving total 3.year moving aversg(’e:j

1 2 1

2 4 1 3 > 3667

3 5 6 —— 5.333

4 % 20— 6.667

5 8 R 8333

6 10 31— 10.333

7 13

16  Using three - yearly moving averages, compute the trend values and short term fluctuations for the
following data:

Year: 2008|2009|2010(2011|2012|2013 (2014|2015

Production

(Thousand |21 22 23 |25 24 |22 25 26

tonnes):
Solution:-

Computation of trend values

Vear Production 3-yearly moving |3-yearly moving Short term

(Thousandtonnes) |totals averages Yo fluctuations (Y - Y¢)

2008 21 - - -

2009 22 66 22.00 0

2010 23 70 23.33 -0.33
2011 25 72 24.00 1.00

2012 24 71 23.67 0.33

2013 22 71 23.67 -1.67
2014 25 73 24.33 0.67

2015 26 78 26.00 0.00

2016 27 79 26.33 0.67

2017 26 - - -
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17 Calculate the 3 - year moving averages for the loan (in lakhX ) issued by co - operative banks for
farmers in different states of India based on the values given below.

Year 2006 |2007 (2008 |2009(2010(2011|2012 |2013
Loan
?i'::"““t 41.85(40.2 |38.12(26.5 |55.5 [23.6 |28.36|33.31
lakh %)
Solution:-
Year |Loan Amount Three yearly moving totals Three yearly moving average
2006 |41.85 - -
2007 |40.2 120.17 %3”' = 4006
2008 |38.12 104.82 34.94
2009 |26.5 120.12 40.04
2010 |55.5 105.6 352
2011 |23.6 107.46 35.82
2012 |28.36 85.27 28.42
2013 |33.31 102.77 34.26
2014 (411 - -

The graph shows the observation data in pink whereas. the black curve shows the smooth trend curve

obtained by calculating moving averages of 3 years.

18 Compute the trends by the method of moving averages, assuming that 4-year cycle is present in the
following series.

Year 1980 1981 1982 | 1983 1984 1985 1986 | 1987 | 1988 | 1989

Index
number | 400 470 450 410 432 475 461 500 480 430

Solution: The 4- year moving averages are shown in the last column as centered average

Yeur Endex dyear | d-year Mowing | Centered Centered mgving
Number | Mowing Average total awerage
total
1980 400 . .
1981 470 - -
— 1730 173074 = 4325. ]
1982 450 J 8755 —p 875.5/2 = 437.75
1762 1772/4 = 443 )
1983 410 884.75 BE4.75/2 = 442.38
1767 1767/4 = 441.75
1984 432 886.25 44313
1778 1778/4 = 4445
1985 475 911.5 455.75
1868 1868/4 = 467
1986 461 946 473
1916 1916/4 = 479
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19 Calculate the 3-vear moving averages for the loans (In lakh %) issued by co-operative banks for
farmers in different states of India based on the values given below.

Year 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Loan amount | [ [
(In lakh %) 41.85 | 40.2 38.12 | 26.5 35.5 23.6 ZE.36 | 33.31 41.1
Solution:
Year Loan amount 3- year moving total 3- year moving average
2006 41.35} - -
2007 02 5 -4 12017 —+ 120.17/3 = 406
2008 33.12) 104.82 34.94
2009 26.5 120.12 40.4
2010 55.5 105.6 a5.2
2011 23.6 107 .46 35.82
202 28.36 85.27 254
2013 333 102.77 34.26
2014 41.1 - -

20 Inan influenza epidemic the number of cases diagnosed were:

Date 1 2 3 4 5 6 7 8 9 10 11 12 13 | 14
Numbers | 2 0 5 12 20 27 46 30 31 18 11 5 0 1

Calculate 3-days moving averages.
SHORT ANSWER TYPE QUESTION (3 MARKS)

1 1. Obtain the three year moving averages for the following series of observations:
Year 1995(1996 1997 |1998 1999 (2000 {2001 [2002
Annual
Sales(in (3.6 |43 |43 [3.4 |44 |54 (3.4 |24
000%)
ii. Obtain the five year moving average.
iil. Construct also the 4 - year centred moving average.
Solution:- )
i_ First 3-year moving average is 3.6+43+43 = % =4.067, and is placed against 2nd vear i.e. 1996;

second 3-year moving average is 43+43+34 = lﬂ-ﬂ =4.0, and is placed against 3rd vear i.e. 1997, an:
50 on. Thus, we have:
Calculation of 3-year moving averages:

Year Annual sale 3-year moving total 3-year moving average

1995 3.6 MRE - 1/3 -

1996 43 =———— 12.2 > 4.067
-l

1997 4.3 {‘:»H — 12.0 - 4.00

1998 34— 121 > 403

1999 4 > 132 > 440

2000 5.4 .{é. 13.2 > 4.40
-

2001 34 — > 11.2 - 3.73

2002 Sl - =
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ii. First 3-vearly moving average is 2.6+4.3+4.3+3.4+44 — ?—:U-U =400, and is placed against 3rd veari.e

]

1997. Second 3-yearly moving average js 43+4.3+34+4.4+54 fm'{;,ﬁ =436, and is placed against 4t}

5
kgg,[ 1.e. 1998 and so on. Thus, we have:
Calculation of 5-year moving averages:

Year Annual sale  5-year moving total 5-year moving average
1995 3.6~ - -

1996 43~ - 1/5 -

1997 43———> 200 > 4.00

1998 34— 21.8 4.36

1999 44~ 20.9 418

2000 5.4 19.0 3.80

2001 34 - -

2002 2.4 - -

iii. In the 4-vear moving averages, the first step of averaging of 4 values each results in placing these
between vears — so we take averages of each two successive moving averages to svnchronise the

with given time frame. Thus, we have the following table:
Construction of 4-year centred moving averages

Year Annual Sale 4-yearly d-yearly d-year centred
total moving total moving average moving average
1995
1996
=39 —
1997 | 43— Lo — ] I ——= 4.0
=41 = |
1998 | @ B3de— e A ] L 4.2375
= 4.375 «:.‘_"_'_:___
599, ] @2 P e e — ——= 4.2652
=415 =
- I P O, E S ———- | ——= 4.025
-39 —
2001 -
2002 24—
Note that values of 4th column are not synchronised with first column, but values of 3th column ar
synchronised.

2 The average number, in lakhs, of working days lost in strikes during each year of the period (1981 -

1981|1982|1983|1984|1985|1986|1987|1988 (1989|1990
1.5 |1.8 (1.9 |22 |2.6 |3.7 |22 |64 |3.6 |54

90) was as under:
Calculate the three - yearly moving average and draw the moving average graph.

Solution:-
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MOVING
TIME DATA MFO (:’1;1\;(;:;212:]4 AVERAGE
TOTAL FOR 3
1981 1.5
1982 1.8 5.2 1.7
1983 1.9 59 2
1984 2.2 6.7 2.2
1985 2.6 8.5 2.8
1986 3.7 8.5 2.8
1987 2.2 12.3 4.1
1988 6.4 12.2 4.1
1989 3.6 15.4 5.1
1990 5.4
20
19
18
17
16
15
14
13
ﬁ —&— Seriesl
10
z —— MOVING AVERAGE
7 TOTALFOR 3
6
5
4
3
2
1
0 T T T T ¥ T T 1
1980 1982 1984 1986 1988 1990 1992 1994 1996

3 Fit a straight-line trend by the method of least square to the following data on sales (in lakhs) for the

Years 2011|2012|2013|2014|2015|2016 (2017|2018

Sales (%
lakhs)

76 |80 |130 |144 |138 |120 |174 |190

period 2011 - 2018.
Solution:-
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Year (tj) |[Sales ( lakhs)(yj) Xj =tj-2014-15 Xi X2 |xjyj xz1
2011 76 -3.5 -7 -532 49
2012 80 -2.5 -5 -400 25
2013 130 -1.5 -3 -390 9
2014 144 -0.5 -1 -144 1
2015 138 0.5 1 138 1
2016 120 1.5 3 360 9
2017 174 2.5 5 870 25
2018 190 3.5 7 1330 49
2yi = 1052 2xi =0 Zxiyi= 1232 ZX2i= 168

Fy. _ 1052 _
a==4 =8 =1315

b =¥ = 1232 —7133
Exf 168

S0, trend equation is
v=1315+733x

of two weeks:

Week 1|52 (48|64 (68|52

70

72

Week 2|55 (47|61 |65

58

75

81

The table given below shows the daily attendance in thousands at a certain exhibition over a period

Calculate seven days moving averages and illustrate these and original information on the same
graph using the same scales.

Soluti

Calculation of seven days moving averages

on:-

Days Attendance (in 7 days moving 7 days movi
thousands) totals averages

Week 1 Monday 52 - -

Tuesday 48 - -

Wednesday 64 - -

Thursday 68 426 60.86

Friday 52 429 61.28

Saturday 70 428 61.14

Sunday 72 425 60.17
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Week 2 Monday 55 422 60.28
Tuesday 47 428 61.14
Wednesday 61 433 61.86
Thursday 65 442 63.14
Friday 58 - -
Saturday 75 - -
Sunday 81 - -

Seven days moving averages and original data are plotted on the graph paper in Fig. These

points are joined by line segments to obtain the graphs to illustrate the trend.

90

T w

. . . .
Th F Sat  Sun

Woeek 1

—— Actual values
7 days moving
cerages

The production of soft drink company in thousands of litres during each month of a year is as
Jan |Feb|March [April| May|June |July |August |Sept. |Oct. |No
follows: 1.2/0.8 |14 |[1.6 [1.8 |24 |26 (3.0 [3.6 (2.8 |1.¢
Calculate the five monthly moving averages and show these moving averages on a graph.
Solution:-
Calculation of five monthly moving averages:
Production of soft S monthly moving
Month 5 monthly totals
drink (in thousands averages
litres)
January 1.2 - -
February 0.8 - -
March 1.4 6.8 1.36
April 1.6 8.0 1.6
May 1.8 9.8 1.96
June 24 11.4 2.28
July 2.6 13.4 2.68
August 3.0 14.4 2.88
September 3.6 13.9 2.78
October 2.8 14.7 2.94
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November

1.9

December

34

These moving averages are plotted on the following graph:

3 -

V]
L}

Production of soft drink in thousands litres — =
1

fan ¢

6

ih #

March *

Ayl
May
Jun v

[REL

dug
Sty
(it v

kiomth -———m-—

2001

2002

2003

2004|2005|2006 (2007|2008

2009

2010

1.5

1.8

1.9

2.2 (2.6 |3.7 |22 |64

3.6

54

2010 was

Nov v
Dy o

The average number, in lakhs, of working days lost in strikes during each year of the period 2001 -

Calculate the three - yearly moving averages and draw the moving averages graph.
Solution:-

In order to calculate three-yearly moving averages, we first compute three-yearly moving

totals and place each total against the middle year of the three-year span from which the

moving totals are calculated. These moving totals are given in the third column of the

following table. From these three yearly moving totals, we calculate three-yearly moving

averages by dividing each moving total by 3 as shown in the following table.

YVear Working days lostin | Three yearly moving | Three yearly moving
strikes (in lakhs) totals averages
2001 1.5 - -
2002 1.8 52 1.73
2003 1.9 59 1.96
2004 2.2 6.7 2.23
2005 2.6 8.5 2.83
2006 3.7 8.5 2.83
2007 22 12.3 4.1
2008 6.4 12.2 4.06
2009 3.6 15.4 5.13
2010 54 - -
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The graph of these moving averages is shown in Fig.

8¢ Actual value

e Three yearly
moving averages

~a
-

o
-

<
-

Three yoarly moving averapes —e
4
-

3
2
1»
201 2002 2003 2004 205 2006 2007 2008 2009 2010

Yeurs e

7 Fit a straight line trend by the method of least squares to the data given below:

Years 2012|2013|2014|2015(2016|2017|2018
Sales (in tones) |9 11 13 12 14 15 17

Solution:-

Year(Xi) | Index(Yi) X =Xi -A X2 XY Y =a+bX
2012 9 -3 9 -27 9.4
2013 11 -2 4 -22 10.6
2014 13 -1 1 -13 11.8
2015 12 0 0 0 13
2016 14 1 1 14 14.2
2017 15 2 4 30 15.4
2018 17 3 9 51 16.6

Y = X = 28 33
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8 Fit a straight line trend by the method of least squares to the following data:

Year|Sales (in lakh %)
2010 65
2012 68
2013 70
2014 72
2015 75
2016 67
2019 73
Solution:-

Fitting of a straight-line trend by the method of least squares to the following data:

Year

Sales (Y) (in lakh

X XY Yi=a+bX
x) ) 2014
70 + 4.745 (-4) = 70 - 18.98=
2010 65 -4 16 -260
51.02
70+ 4.745 (-2) = 70 - 9.49 =
2012 68 -2 4 -136
60.51
70+ 4.745 (-1) = 70 - 4.745—
2013 70 -1 1 -70
65.255
2014 72 0 0 0 70+ 4.745(0)=70+0="170
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70 +4.745 (1) =70 + 4.745=
2015 75 1 75
74.745
70 +4.475(2)=70+9.49 =
2016 67 2 4 268
79.49
70 +4.475 (5) =170 + 23.725
2019 73 5 25 365 —93.725
n=7 > Y =490 SX=1|3X2=513XY =242
9 From the following data calculate the 4 - yearly moving averages and determine the trend values.
Years [2012(2013|2014 (2015|2016 |2017(2018|2019|2020
Value [50.0 |36.5 [43.0 |44.5 [38.9 |38.9 32.6 |41.7 |41.1
Solution:-
} . 4-vearly 4-yearly 4-yearly
Year |Value Moving
centered ) centered
Moving Average Moving
Total (Trend Average
values)
2012|300
2013|363
1740 3.3
2014|430 212
1620 30,73
2013|443 103
1653 141.33
2016 389 (10.03
1549 38.73
2017|389 38.38
1521 3803
2018 (326 3831
1543 38,38
019 (417 37.04
1492 373
2020 (411
2021 |33%8
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10

11

Calculate trend values from the following data assuming 5 - yearly and 7 - yearly moving average.

Consider the following data:

Year |1 |2 |3 |4 |5 |6 |7 |8

Value |110|104|98 |105|{109|120(115(110

Year 9 |10 |11 |12 (13 |14 (15 |16

Value |114|122|130(|127|122|118|130|140

Solution:-
Year Value Moving Totals Moving Average
S year T year S year T year
1 110 - - - -
2 104 - - - -
3 o8 526 - 105.2 -
4 103 336 T61 1072 108.71
5 109 347 761 109.4 108.71
6 120 539 771 111.8 110.14
7 113 368 795 113.6 11357
2 110 581 820 116.2 117.14
o 114 301 238 1182 119.71
10 122 603 240 1206 120.00
11 130 613 243 1230 120.43
12 127 619 863 1238 12319
13 122 627 289 1254 127.00
15 130 - - - -
16 140 - - - -
Year: 2003|2004 |2005|2006|2007|2008|2009(|2010
Production: {137 (140 |134 |137 |151 |121 |124 (159

Calculate a suitable moving average and show on a graph against the original data.

Solution:-
Year Production 3-yearly moving totals 3-yearly moving
averages
2003 137 - -
2004 140 411 137.00
2005 134 411 137.00

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26)

153




2006 137 422 140.67
2007 151 409 136.33
2008 121 396 132.00
2009 124 404 134.67
2010 159 440 146.67
2011 157 485 161.67
2012 169 498 166.00
2013 172 491 163.67
2014 150 - -

These moving averages andthe original data are plotted on the graph paperto obtain

the following graph.

T Syeay g

180 averages

- L - - L - [ - - - -
0 005 a0 2007 2008 L W W 2012 M3 2004

Yiar —a=

12 Fit a straight line trend by the method of least squares and find the trend value for the year 2008 for

the following data:

Year |Production (in lakh tonnes)
2001|30
200235
2003 |36
200432
200537
2006 |40
2007 |36

Solution:-
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| Takingmiddle-yearvalue at Aie A= 2004

Year(X;) |Production(Y) X=xj-A=x-2004 x* XY

2001 30 3 9 a0

2002 35 2 4 70

2003 36 1 1 36

2004 32 0 0 0

2005 37 1 1 37

2006 40 2 4 80

2007 36 3 9 108 |
n=7 Dy =246 >x=0 Dx2 =28  |Dxy =29

LV _ # =3514

a=-=

h=2X_ & 036
E o I

Therafore, the required equation ofthe straight-lime trendis givenby Y= 3314 +1 036 X

Now, the trend value forthe year 20081s given by
Y=3514+1036(2008 -2004)=30284
Hence the trend value forthe yearis 39 284 lakh tonmnes.

LONG ANSWER TYPE QUESTIONS

1 Given below are the consumer price index numbers (CPI) of the industrial workers.

Year 2014|2015|2016(2017(2018|2019|2020
Index number|145 [140 [150 (190 [200 |220 (230

Find the best fitted trend line by the method of least squares and tabulate the trend values.

Solution:-
YEAR INDEX . Y= a+
(i) (i) X=xi-A | XSQU XY b X
2017 80 -2 4 -160 83.6
2018 90 -1 1 -90 85.7
2019 92 0 0 0 87.8
2020 83 1 1 83 89.9
2021 94 2 4 188 92
XY = 439 X = o 10 21
Y=a+bX
IY=na+bIX B ey (11
IXY=aXX+bE X — (ii1)
b=—% Yﬁ— ZX2Y a= ¥ =B X
s "

A=87.8and b=2.1
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2 Coded monthly sales figures of a particular brand of T.V. for 18 months commencing January 1,
2017 are as follows:

‘586111;. Jan|Feb |March |April |May|June |July |Aug |Sept|Oct|!
18 |16 |23 27 28 |19 |31 |29 (35 |27 |-
e 2428 20 (30 |20 |22

Calculate six - monthly moving averages and display these and the original figures on the same
graph, using the same axes for both.

Solution:-
MOVING
MONTHLY MOVING TOTAL
MONTH AVERAGE
SALES FOR 6 MONTHS
TOTAL FOR 6

Jan-17 | 18

Feb-17 16

Mar-17 - 23 \% 131 21.8
Apr-17 %ﬁ 27 %\ 144 24
May-17 R 28 % 157 26.2
Jun-17 > 19 % 169 28.2

|
Jul-17 < 31 @; 169 28.2
Aug-17 7 29 % 165 27.5
ot17 /& 35 @ 174 29
vz \

Nov-17 i; 27 % 172 28.7
Dec-17 ><>§ 24 %% 173 28.8
Jan-18 L 28 2 ; 167 27.8
Feb-18 29 7/ 162 27
Mar-18 30

Apr-18 29

May-18 22
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3. Calculate four - yearly moving averages of number of students studying in a higher secondary school in a
particular city from the following data:

Year

Number of Students

2011

124

2012

120

2013

135

2014

140

2015

145

2016

158

2017

162

2018

170

2019

175
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SOLUTION:-

MOVING MOVING
TIME DATA TOTAL FOR AVERAGE
4YEARS | TOTALFOR4
2011 124\
2012 g 120 \\\%’ 519 129.8
4
2013 Ay 135 % 540 135
2014 Ay 140 % 578 144.5
2015 TPz 145 % 605 151.3
2016 “z 158 % 635 158.8
2017 Alg 162 % 665 166.3
2018 %% 170 / )
2019 175 /
200
150
Seriesl
100
——MOVING
VERAGE TOTAL
50 R4
O T T T . 1
2010 2012 2014 2016 2018 2020

Construct 5 - year Moving averages from the following data of the number of industrial failure in a

country during 2003 - 2018:

Year |No. of Failures|Year |No. of Failure
2003|123 201119

200426 201213

2005|28 201311

2006 |32 201414

2007|120 201512

200812 2016|9

200912 201713

2010(10 2018]1
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Year |No.of failures S-Yearly Moving Totals 5-Yearly Moving Averages
2003 |25 -
2004 |26 -
2005 |28 129 258
2006 |32 118 2386
2007 |20 104 208
2008 |12 26 172
2009 (12 63 126
2010 |10 36 112
2011 |9 33 11.0
2012 |13 37 114
013 11 39 11.8
2014 |14 39 11.8
2013 |12 49 08
2016 |9 30 7.8
2017 |3 -
2018 |1 -
CASE BASED QUESTIONS
1 Read the following text carefully and answer the questions that follow:

When observed over a long period of time, a time series data can predict trend that can forecast
increase or decrease or stagnation of a variable under consideration. Such analytical studies can
benefit a business for forecasting or prediction of future estimated sales or production.

Mathematically, for finding a line of best - fit to represent a trend, many methods are available.
Methods like moving - averages and least - squares are some of the techniques to predict such
trends.

Mrs Shamita runs a bread factory and the record of her sales of bakery items for the period of 2015 -
2019 is as follows:

Year 2015|2016|2017 (2018|2019
Sales (in ¥ thousands)|35 |42 |46 |41 |48

Based on the above information, answer the following questions. Show steps to support your
answers.
IV. By taking year 2017 as origin, use method of least - squares to find the best - fit trend line
equation for Mrs Shamita’s business. Show the steps of your working. (1)
V. Demonstrate the technique to fit the best - suited straight-line trend by the method of 3 - year
moving averages. Also, draw the trend line. (1)
VL What are the estimated sales for Mrs Shamita’ s business for year 20227 (2)
OR
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Mrs Shamita wishes to grow her business to yearly sale ofX 67400. In which year will she be
able to reach her target? (2)

60
50
40
30
20
10

0

2014 2015

III. Y=a+bx,atX=2022,x=>5 then

Y x=2022) = 54.9

OR

2016 2017

Y =a+b(X-2017), at Y = 67.4

X = ((Y +a)/b) + A =2027

2018

Solution:- I.:-
YEA | INDEX | X=xi - X XY Y= a+
R (xi) (yi) A SQU bX
2015 35 -2 4 -70 37.4
2016 42 -1 1 -42 39.9
2017 46 0 0 0 42.4
2018 41 1 1 41 44.9
2019 48 2 4 96 47.4
y=ax+b, a=424,b =25
1I.
MOVING MOVING
TIME DATA TOTAL FOR 3 | AVERAGE
YEARS TOTAL FOR 3
2015 35
2016 42 123 41
2017 46 129 43
2018 41 135 45
2019 48
Chart Title

e

2019

2020

2 Read the following text carefully and answer the questions that follow:
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To fit a straight line by the method of least squares, Rohit constructed the following table:

Year (t) |Profit (y) (x =t ¢ - 2018|x 2| xy
2015 114 -3 9 [-342
2016 130 -2 4 |-260
2017 126 -1 1 ]-126
2018 144 0 0| 0
2019 138 1 11138
2020 156 2 4 1312
2021 164 3 9 (492

The trend equation can be considered as y, = a + bx.
VIL. What is the value of a in the trend equation? (1)
"TI1. What is the value of b in the trend equation? (1)
IX. Which of the following is atrend equation? (2)
y=138.86 +7.64x,y . =7.64 + 138.86x, y , = 138.86 - 7.64x

OR
What is the trend value for year 2015? (2)
b= ZXTZ;:}Z— 2XY q = XY byX
Solution:- I. % — XX a=138.86
II.b=7.6
II. y,=138.86 +7.64x OR y (x=2015)=116.1
3 Read the following text carefully and answer the questions that follow:

The following data shows the percentage of rural, urban, and suburban Indians who have a high - speed
internet connection at home.

Year |Rural |Urban |Suburban
2001 3 9 9
2002 6 18 17
2003| 6 21 23
2004| 16 29 29
2005| 24 38 40
X. What is the straight-line trend by the method of least square for the suburban Indians? (1)

XL What is the forecast for the year 2006 for the urban groups using the trend equation? (1)
XII. What is the forecast for the year 2006 for the rural groups using the trend equation? (2)
OR
What is the straight-line trend by the method of least square for the rural Indians? (2)
Solution:- I. Y=23.6 + 7.4(X —2003)
II. Y=23+6.9(X-2003)
at X =2006 ,Y =43.7
MyYy=11+5.2 (X-2003)
at X =2006 ,Y =26.6
OR Y=11+5.2 (X-2003)
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HIGHER ORDER THINKING SKILLS

1 Compute the trends by the method of moving averages, assuming that 4 - year cycle is present in the

Year 1980[1081]1982[1983[1984[1985]1968[1987[19
Index |,,5 1470 |450 |a10 |432 |475 |461 |500 |48
. . number
following series.
Solution:-
MOVING
MOVING liv\ll(]?jﬁfGGE CENTRED
TIME DATA TOTAL FOR TOTAL FOR AVERAGE
4 YEARS 4 TOTAL FOR
4
N
1980 400 N~
A70 7 1720 A2 & \
1981 LAY k T7I0U FOL.D >‘/
1982 450 A 1762 4405 | 24365
>, T
P
1983 410 q 1767 441.8 >(<:441 2
P
1984 432 S 1778 444 .5 >1/,443 2
N N
1985 475 = 1868 467 /,455 8
1986 461 \/\ 1921 480.3 Ve
1 >R
987 500 ) ><
1988 485 7
4 540 - h
—o—DATA
490 -
440 - - MOVING
CENTRED
) AVERAGE
390 T T T T T T T —TOTALFOR 4
19801981198219831984198519861987198819891990
N J

Read the following text carefully and answer the questions that follow:

) Today in class Mr. Sharma is teaching the Method of Least Squares to measure the trend in time
series. After explaining the method, he had taken an example
Example: Given below are the data relating to the sales of a product in a district.
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Fit a straight-line trend by the method of least squares and tabulate the trend values.

Year |2015|2016(2017|2018|2019 (2020|2021 (2022
Sales| 6.7 | 53 |43 | 6.1 |56 |79 |58 |6.1

To solve the given example, he constructed the following table:
Computation of trend values by the method of least squares.

f—2018.5
Year (t)|Sales (y) | _ & 05 L xy [x2
2015 6.7 -7 -46.9(49
2016 5.3 -5 -26.5(25
2017 4.3 -3 -12.9] 9
2018 6.1 -1 -6.1 |1
2019 5.6 1 5.6 | 1
2020 7.9 3 23.7|9
2021 5.8 5 29.0 (25
2022 | 6.11 7 42.7 (49
Here, n = § (even)
. . . 2018+2019
So, origin is mean of two middle years i.e., —Y = 2018.5

(11 If the straight line is y; = a + bx, then what is the value of a? (1)
IVv. If the straight line is y, = a + bx, then what is the value of b? (1)
XV. Which of the following trend equation? (2)

y:=59754+0.051x,y  =0.051 +5.975x, y  =5.975 - 0.051x (2)

%—ZXZY a = Z¥ —b3X
(ZTX)Z—EXZ

Solution :- L so the value of a=5.975
II. b=0.051

My ,=5.975+0.051x

EXERCISE FOR TIME BASED DATA

MULTIPLE CHOICE QUESTIONS
1 An orderly set of data arranged in accordance with their time of occurrence is called:
a) Time Series
b) Arithmetic Series
¢) Harmonic Series
d) Geometric Series
2 Increase in the number of patients in the hospital due to heat stroke is:
a) Secular trend
b) Cyclical variations
c¢) Seasonal variation
d) Irregular variation
3 A factory production is delayed for three weeks due to breakdown of a machine and unavailability
of spare parts. Under which trend oscillation does this situation fall?
a) Seasonal
b) Secular
c) Irregular
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d) Cyclical
The best - fitted trend line is one for which sum of squares of residuals or errors is:
a) Negative
b) Maximum
c) Positive
d) Minimum
A fire in a factory delaying production for some time is
a) Cyclical trend
b) Irregular trend
¢) Seasonal trend
d) Long term trend
Seasonal variations are
a) Long term
b) Irregular
¢) Short term
d) Sudden
The following are the movement(s) in the secular trend.
a) Steady
b) Regular
c¢) All of these
d) Smooth
For the given values 23, 32, 40, 47, 58, 33, 42; the 5 - yearly moving averages are:
a) 40, 42, 46
b) 38, 40, 42
c) 42,44, 46
d) 40, 42, 44
In the measurement of the secular trend, the moving averages:
a) Given the trend in a straight-line b) Measure the seasonal Variations
¢) Smooth out the time series d) Measure the time Variations
Which of the following is an example of time series problem?
1v. Estimating numbers of hotel rooms booking in next 6 months.
v. Estimating the total sales in next 3 years of an insurance company.
vi. Estimating the number of calls for the next one week.
a) (i) and (iii)
b) (i), (i1) and (iii)
¢) (i) and (i1)
d) Only (ii1)
ASSERTION AND REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of

Reason(R). Pick the correct option:

A) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of

Assertion (A).

B) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct

explanation of Assertion (A).
C) Assertion (A) is true but Reason(R) is false.
D) Assertion (A) is false but Reason(R) is true.
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1 Assertion (A): For the given seven values 13, 9, 15, 19, 21, 25, 35, 4 - years centred moving
averages are 15, 18, 22.5.
Reason (R): The additive model of the time series analysisis O=T+C+ S +1
where O = Original data, T = Trend component, C = Cyclic component, S = Seasonalcomponent
and I = Irregular component.

2 Assertion (A): The rise and fall of share market is an example of cyclic trend.
Reason (R): The price of stock in share market repeat after definite time interval.

3 Assertion (A): The sales of sweets, gift items, gold and silver etc. exhibit seasonal trend.
Reason (R): Sweets, gift items, gold and silver etc. are in great demand during Diwali.

4 Assertion (A): If for the following data:

Year 2010(2011(2012)2013(2014|2015(2016
Sales 6 |8 |9 |11 [13 |17 |20
(in¥crores)

the equation of the straight line trend is y = 12 + 2.29x, then the trend value for the year 2017 is
21.16

Reason (R): If (t 1,y 1 ),(t2 ¥ 2 ),....(t n, Y 5, ) denote the time series and Y , are the trend values
of thevariables y, then ), (y- y;)=0.

5 Assertion (A): If for the following data:

Year 2001 |2002|2003|2004 |(2005(2006|2007(2008
Production
(in tonnes) 7 6 5 4 7 8 5

the equation of the straight line trend is y = 6.25 - 0.167x, then the trend value for the year 2006 is
3.475.

Reason (R): The sum of squares of the deviations of the values of y from their corresponding trend
values is leasti.e Y (y - y )2 is least.

6 Assertion (A): For the given six values 17, 22, 21, 35, 40, 51, the three years moving averages are
20, 26, 32, 42.

Reason (R): Ifx {,x,,X 3,..., X ,, 1S the given annual time series, then 3 - yearly moving

X1+X>,+Xx Xo+Xa3+X
averages are — 32 3 2 33 &

) aun

VERY SHORT ANSWER TYPE QUESTIONS
1 Calculate the 3 - yearly moving averages of the following data:

Year |1(2|3|4(5(6 |7
Value|2|4|5|7|8(10|13

2 Calculate the 3 - year moving averages for the loan (in lakhX ) issued by co - operative banks for
farmers in different states of India based on the values given below.
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Year 2006 |2007(2008 (2009|2010(2011|2012 |2013

Loan
amount
(in
lakh %)

41.85|40.2 |38.12|26.5 |55.5 |23.6 |28.36|33.31

3  Construct 5 - yearly moving averages from the following data:

Year 2005(2006|2007|2008|2009|2010|2011 (2012
Production|105 (107 |109 |112 |114 |116 |118 |121

4  Construct 3 - yearly moving averages from the following data:

Year: 2010|2011 (2012|2013|2014|2015|2016

Imported cotton
consumption in
India (in '000
bales):

129 |131 |106 |91 |95 (84 |93

5 From the following data compute 4 - yearly moving averages and determine the trend values. Also,
find the short - term fluctuations.

Year |2006|2007|2008|2009(2010(2011|2012(2013|2014
Value:|50 |36.5 (43.0 |44.5 [38.9 (38.1 |32.6 [41.7 |41.1

6  Write down the models of Time Series Analysis.
SHORT ANSWER TYPE QUESTIONS
1 The table given below shows the daily attendance in thousands at a certain exhibition over a period
of two weeks:

Week 1|52|48|64|68 (52 (70|72
Week 2|55|47|61|65(58|75(81

Calculate seven days moving averages and illustrate these and original information on the same
graph using the same scales.

2 The production of soft drink company in thousands of litres during each month of a year is as
follows:

Jan |Feb |March |April | May |June |July |August | Sept. |Oct. [ No
1.2]0.8 [1.4 1.6 |1.8 (24 |2.6 (3.0 3.6 |2.8 [1.¢

Calculate the five monthly moving averages and show these moving averages on a graph.
3  The average number, in lakhs, of working days lost in strikes during each year of the period 2001 -
2010 was

2001|2002|2003 (2004 |2005|2006 |2007 (2008 |2009 (2010
1.5 |1.8 |19 |2.2 |26 |3.7 |22 |64 |3.6 |54

Calculate the three - yearly moving averages and draw the moving averages graph.
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From the following time series obtain trent value by 3 yearly moving averages.

Year|Sales (in ¥ 000) |Year|Sales (in I 000)
20088 2014|16

2009|12 2015|17

2010(10 2016|14

201113 201717

2012|15

2013|12

The following figures relate to the profits of a commercial concern for 8 years.

Years |2016 |2017 (2018 |2019 (2020 (2021 |2022

Profit
€9)

15,420(15,470(15,520|21,020|26,500|31,950|35,60

Find the trend of profits by the method of three - yearly moving averages.
Fit a straight line trend by the method of least squares to the data given below:

Years 2012|2013|20142015|2016{2017|2018

Sales (in tones)|9 11 |13 (12 |14 |15 |17
LONG ANSWER TYPE QUESTIONS

Fit a straight line trend by the method of least squares and tabulate the trend values from the data:

Year|1996 (1997 (1998|1999 (2000|2001 (2002|2003 (2004
y 4 7 7 8 9 11 | 13 | 14 | 17

Fit a straight line trend by the method of least squares and tabulate the trend values from the data:
Year 2000[2001[2002|2003|2004]2005|2006

Production (in
tonnes) 40 45 46 42 47 50 46

Fit a straight line trend by the method of least squares and tabulate the trend values from the data:

Year 2005|2006 |2007|2008|2009|2010
Production (in ¥ '000)|5 7 9 10 |12 |17

CASE BASED TYPE QUESTIONS
Read the following text carefully and answer the questions that follow:
When observed over a long period of time, a time series data can predict trend that can forecast
increase or decrease or stagnation of a variable under consideration. Such analytical studies can
benefit a business for forecasting or prediction of future estimated sales or production.
Mathematically, for finding a line of best - fit to represent a trend, many methods are available.
Methods like moving - averages and least - squares are some of the techniques to predict such
trends.
Mrs Shamita runs a bread factory and the record of her sales of bakery items for the period of 2015
- 2019 is as follows:

Year 2015|2016(2017 (2018|2019
Sales (in ¥ thousands)|35 |42 (46 |41 |48

Based on the above information, answer the following questions. Show steps to support your
answers.
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1. By taking year 2017 as origin, use method of least - squares to find the best - fit trend
line equation for Mrs Shamita’s business. Show the steps of your working. (1)

ii.  Demonstrate the technique to fit the best - suited straight line trend by the method of
3 - year moving averages. Also, draw the trend line. (1)

1ii.  What are the estimated sales for Mrs Shamita’ s business for year 2022? (2)
OR
Mrs Shamita wishes to grow her business to yearly sale ofX 67400. In which year will she
be able to reach her target? (2)
2 Read the following text carefully and answer the questions that follow:
Today in class Mr. Sharma is teaching the Method of Least Squares to measure the trend in time
series. After explaining the method, he had taken an example
Example: Given below are the data relating to the sales of a product in a district.
Fit a straight line trend by the method of least squares and tabulate the trend values.

Year |2015|2016(2017|2018|2019|2020{2021 (2022
Sales| 6.7 | 53 |43 | 6.1 |56 |79 |58 | 6.1

To solve the given example, he constructed the following table:
Computation of trend values by the method of least squares.

Year (t) [Sales (y) | _ “'_Q(f_]__,l}s'ﬁ} XY |x2
2015 6.7 -7 -46.9(49
2016 5.3 5 -26.5(25
2017 4.3 -3 -12.9] 9
2018 6.1 -1 6.1 1
2019 5.6 1 56 | 1
2020 7.9 3 23.7| 9
2021 5.8 5 29.0 |25
2022 6.11 7 42.7 |49
Here, n = 8 (even)
S . . 201842019
So, origin is mean of two middle years i.e., —Y 2018.5
1) If the straight line is y; = a + bx, then what is the value of a? (1)

i1) If the straight line is y; = a + bx, then what is the value of b? (1)
111) Which of the following trend equation? (2)

OR

v+ =5975+0.051x,y  =0.051 +5.975x,y  =5.975 - 0.051x (2)

ANSWER OF EXERCISE
MULTIPLE CHOICE QUESTIONS
(a) Time Series
(a) Secular trend
( c) irregular
(d) Minimum
(b) Irregular trend
( C)Short term

AN
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7. (c) All of these

(d) 40, 42, 44
9. ¢) Smooth out the time series
10. b) (i), (ii) and (iii)

ASSERTION-REASON QUESTIONS

1 (b)
2(c)
3 (a)
4 (b)
5 (d)
6 (a)
VERY SHORT ANSWER QUESTIONS
1
Calculation of 3-year moving averages:
. Year Value __3-year moving total 3-year moving aver:'igé"
1 2 1
2 4 1 < > 3.667
3 5 6 —> 5333
4 7 00— 6.667
5 8 25— > 8333
6 10 31— 5 10.333
7 13
2
Year Loan Amount Three yearly moving totals | Three yearly moving average
2006 41.85 - -
2007|402 120.17 12810 = 4006
2008 38.12 104.82 34.94
2009 26.5 120.12 40.04
2010 555 105.6 352
2011 23.6 107.46 35.82
2012 28.36 85.27 28.42
2013 33.31 102.77 34.26
2014 41.1 - -
3
Year Production Y S-yearly totals 5-yearly moving averages
2005 105 - -
2006 107 - -
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2007 109 547 109.4
2008 112 558 111.6
2009 114 569 113.8
2010 116 581 116.2
2011 118
2012 121
4
Imported cotton consumption
Year in India 3-yearly moving totals 3-yearly moving averages
(in '000 bales)
2010 129 - -
2011 131 366 122.00
2012 106 328 109.33
2013 91 292 97.33
2014 95 270 90.00
2015 84 272 90.66
2016 93 - -
5
Year Value 4-yearly moving 4-yez.lrly centered | Short te.r "
totals moving averages |fluctuations Y - Y¢
2006 50.0 - -
2007 36.5 - -
«—174.0 435
«—42.1125 0.8875
2008 43.0
—162.9 40.725
«—40.925 3.575
2009 44.5
«—164.5 41.125
«—39.825 -0.925
2010 389
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— 154.1 38.525
«—38.175 -0.075
2011 38.1
«—151.3 37.825
«—38.1 -55
2012 32.6
«—153.5 38.375
— 37.8375 3.8625
2013 41.7 — 149.2 373
2014 41.1
2015 338

6 There are two models of time series analysis

i. Additive model: This model is based on the assumption that the sum of four components is

equal to the original value i.e., 0 =

T+C+S+1

where, T= trend, C = cyclical, S = seasonal, I = irregular, O = original
ii. Multiplicative model: In this model four components have a multiplication relationship, so O =

TxCxSxI]
SHORT ANSWER TYPE QUESTIONS
1
Attendance (in . 7 days moving
Days thousands) 7 days moving averages
totals

Week 1 Monday 52 - -
Tuesday 48 - -
Wednesday 64 - -
Thursday 68 426 60.86
Friday 52 429 61.28
Saturday 70 428 61.14
Sunday 72 425 60.17

Week 2 Monday 55 422 60.28
Tuesday 47 428 61.14
Wednesday 61 433 61.86
Thursday 65 442 63.14
Friday 58 - -
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Saturday 75 - -

Sunday 81 - -

Seven days moving averages and original data are plotted on the graph paper in Fig. These points

. . . . . . . . . . . . . . .
M T w Th F Sat Sun M b w Th F Sat Sun

Week 1 Week2 e

2

Month Production of soft drink 5 monthly totals 5 monthly moving averages
(in thousands litres)

January 1.2 - -
February 0.8 - -
March 1.4 6.8 1.36
April 1.6 8.0 1.6
May 1.8 9.8 1.96
June 2.4 114 2.28
July 2.6 13.4 2.68
August 3.0 14.4 2.88
September 3.6 13.9 2.78
October 2.8 14.7 2.94
November 1.9 - -
December 34 - -

These moving averages are plotted on the following graph:

Je

Production of soft drink in thousands litres — =

. . N - .
< = e = = = > ® = = =
El = = 3 3 - g [ z
3 2 E 2 = = E E] 7 [+ E =]
=
Minth, we—m-
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Working days lost in strik Th 1 i
Year ' orking days lost in strikes Three yearly moving totals ree yearly moving
(in lakhs) averages
2001 1.5 - -
2002 1.8 5.2 1.73
2003 1.9 5.9 1.96
2004 22 6.7 2.23
2005 2.6 8.5 2.83
2006 3.7 8.5 2.83
2007 22 12.3 4.1
2008 6.4 12.2 4.06
2009 3.6 15.4 5.13
2010 5.4 - -
4
Three-yearly
Three-yearly
Year Sales (Thousand ) Moving Average
Moving Totals
(Trend value)
2008 8
2009 12 (8+12+ 10)=30 10.00
2010 10 (12+ 10 +13)=35 11.67
2011 13 (10 + 13 + 15) =38 12.67
2012 15 (13+15+12)=40 13.33
2013 12 (15+12 +16) =43 14.33
2014 16 (12+16+17)=45 15.00
2015 17 (16 + 17 + 14) =47 15.67
2016 14 (17 + 14 +17) =48 16.00
2017 17
5
Years Profit ) 3-yearly moving Total ) 3-yearly moving average (%)
2016 15,420 - -
2017 15,470 46,410 15,470
2018 15,520 52,010 17,336.667
2019 21,020 63,040 21,013.333
2020 26,500 79,470 26,490
2021 31,950 94,050 31,350
2022 35,600 94,050 31,350
2023 34,900 - -
6
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Years () Sales (yp) xj = t; - 2015 X% XiVi
2012 9 -3 9 -27
2013 11 -2 4 222
2014 13 -1 1 -13
2015 12 0 0 0
2016 14 1 1 14
2017 15 2 4 30
2018 17 3 9 51
n=7 >yi=91 > xi=0 > x2=28 > xiyi=33
' i
y=13x+1.179
LONG ANSWER TYPE QUESTIONS
1
year v X = t - 2000 2 Xy Trend values
t y¢=a+ bx
1996 4 -4 16 -16 4.12
1997 7 -3 9 21 5.59
1998 7 -2 4 -14 7.06
1999 8 -1 1 -8 8.53
2000 9 0 0 0 10
2001 11 1 1 11 11.47
2002 13 2 4 26 12.94
2003 14 3 9 42 14.41
2004 17 4 16 68 15.88
Yy =90 Yx=0 ¥x2 = 60 Sxy = 88
yi=10+1.47 x
2
year Production x =t; - 2003 X2 Xy Trend values
t (in tonnes) yt=a+bx
2000 40 -3 9 -120 42.03
2001 45 -2 4 -90 43.07
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2002 46 -1 1 -46 44.11
2003 42 0 0 0 45.14
2004 47 1 1 47 46.18
2005 50 2 4 100 4721
2006 46 3 9 138 4825

2y =316 2x=0 yx2 =28 2xy =29

y¢=45.143 +1.036 x

3

Y profi in 2 '000)y X = - 2007.5 2 ¥ Tyrf:‘lvf:‘:s
2005 |5 25 6.25 -125 4.58
2006 |7 -15 225 -10.3 6.74
2007 |9 0.5 0.25 45 8.91
2008 |10 0.5 0.25 5 11.09
2000 |12 1.5 225 18 13.26
2010 |17 25 6.25 425 15.43
2y =60 2x=0 yx2 =175 2xy = 38
yi =10+ 2.17x
CASE BASED QUESTIONS

1 i) Y =424+25x
ii)make graph as pre exercise.
iii) The estimated sales for year 2022 = % 54900
Or

Sales will be % 67400in year (2017 + 10) = year 2027.

2. i)a=5975
ii) b= 0.051

i) y;=5.975 + 0.051x or
5.168
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CHAPTER -7

FINANCIAL MATHEMATICS
Gist/Summary of the lesson:
1.Perpetuity and Sinking Fund-
(a)Meaning of Perpetuity and Sinking Fund (b) Real life examples of sinking fund
(c) Advantages of Sinking Fund (d) Sinking Fund vs. Saving account

(2) Valuation of Bonds-(a)Meaning of Bond valuation
(b)Terms related to valuation of bond — Coupon rate, Maturity rate and current price
(c) Bond Valuation Method- Present Value Approach

(3) Calculation of EMI-(a) Method to calculate EMI- (i)Flat-Rate Method (ii)Reducing-Balance method
(ii1) Real life example to calculate EMI of various types of loans, purchase of assets, etc.

(4) Compound Annual Growth Rate (CAGR) -(a)Meaning and use of CAGR (b)Formula for CAGR

(5) Linear Method for Depreciation- (a)Meaning and formula for Linear Method of Depreciation(b)
Advantages and disadvantages of Linear Method

Definitions and Formulae:

Perpetuity- A perpetuity is an annuity in which the periodic payments begin on a fixed date and continue
forever. There are two types of perpetuity(i) one in which the payment is made at the end of each payment
period and(ii) other in which the payment is made at the beginning of each payment period.

Present value of a Perpetuity- Consider an annuity whose periodic payment is Rs. R for infinite periods,
interest being % per period or r/100 =1 per period per rupee.

R 100R

Typel- When payment is made at the end of each payment period P=

i T
Type2- When payment is made at the beginning of each payment period

R 100R
P=R+ = =R+ ==

Sinking Fund- A sinking fund is a fund created to accumulate money over the years to discharge a future
obligation like replacing an old machine by a new machine, renovation of house, expansion of business etc.

Consider an annuity whose periodic payment is Rs R payable at the end of each payment period for n
periods, interest being r % per period or i=r/100, then the amount of obligation which can be discharged is

AR [(1+i)i” —1]

Difference Between Sinking Fund and Saving Account
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S.N. | Sinking Fund Savings Account
1. It is fixed term account It is a long-term account which can be closed
any time

2 It is set-up for a particular upcoming | It does not have any specific purpose.
expense

3. In sinking fund a fixed amount at regular | In saving account any amount,any time can
intervals is deposited. be deposited.

4. It can be used only for the purpose it was | It can be used in any emergency
created

Bonds- Bonds are long term debt securities issued by companies or government entities. A bond is simply
a loan taken by a company or government bodies from investors. In return of which company pays an
interest at fixed intervals on the face value at fixed rate called coupon rate and repay the principal.

Valuation of Bonds- Present value approach
Let a bond of face value Rs. F matures in N years has a coupon rate of r% per annum then each coupon

T
t C=FX—
paymen 100

. . o . d
If discount rate or yield to maturity is d% p.a. then i= o

cl1-(1+i)~N}

Present value of bond (P.V.)= | + F(1+i)'N

Equated Monthly Installment (EMI)

EMI is the monthly amount which we pay towards the repayment of the loan. EMI are used to pay off both
interest on the loan and principal amount. Initially interest on the loan is the major part of EMI but as we
progress towards the loan tenure the interest part reduces and principal part increases. The EMI depends on
the following factors:

(1)Principal borrowed (i1)Rate of interest (iii) Tenure of the loan
Calculation of EMI- There are two method of calculating EMI:
(1)Flat rate method (ii)Reducing balance method

(i)Flat rate method- In this method ,the amount of interest paid is fixed. The amount of interest is calculated
on the principal loan amount borrowed for its tenure at a constant rate of interest. In this method the interest
remains constant for every EMI and does not reduce as the outstanding principal amount decreases with
every EMI.

EMI = P+Pni

P-Principal, i-interest rate per rupees per month, n- number of payments

(ii)Reducing balance method- In this method interest does not remain constant for every EMI and interest
for every subsequent EMI is calculated on the outstanding principal

_ PXiX(+)™
A+iHn-1

EMI P-Principal, i-interest rate per rupees per month, n- number of payments

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 177




Amortization of Loans- A loan is said to be amortized if each instalment is used to pay interest and the
part of the principal

(1)interest on the outstanding loan and (ii)repayment of part of the loan i.e. principal

EMI[ (1+0)"K+1_1)
i(1+i)n—k+1

Principal outstanding at beginning of kth period=

EMI[ (1+0)"K+1_q]
(1+i)n—k+1

Interest paid in kth payment=
Total interest paid= n x EMI — P

Compound Annual Growth Rate (CAGR)

Compound annual growth rate is a measure of an average yearly growth of an investment over a certain
time period when returns/ profits are reinvested at the end of each year.

The formula for calculating CAGR can be obtained from the compound interest formula
A=P(1 +i)" Or F.V.=P.V.(1+)"

F.V.= Future/Final value of an investment , P.V.=Present/Beginning value of an investment
i=r/100, n= number of years.

F.V. /

i= ﬁ]l ".1 So, CAGR= [

Fyv]L/m
P.V.

1

DEPRECIATION — Depreciation is defined as the reduction of original cost of a fixed asset such as
buildings, furniture, machinery, vehicles etc. over a period of time due to wear and tear.

The time period in which an asset is expected to be functional and fit for purpose is called useful life.

The value of a depreciable asset at the end of its useful life is called scrap value or salvage value or
depreciated value.

Book Value -Book value of an asset at a given data is the original value of the asset minus the
accumulated depreciation at that date.

Methods of Computing Depreciation- Linear Method or straight-line method

In this method, the value of an asset is reduced uniformly over each period until it reaches to its scrap or
salvage value.

Originalcost of an asset—Scrap value

Annual depreciation=
u dep e 0 Usefullife of asset in years

MULTIPLE CHOICE QUESTIONS
1) The present value of a sequence of payment of Rs 800 made at the end of every 6 month and
continuing for ever, if money is worth 4%p.a. compounded semi-annually, is
a) Rs. 20000  b) Rs.40000 ¢) Rs.60000 d) Rs.80000
Solution: P="2% = 100%*80%9_p 40000

Tr
Answer: b
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2) The present value of a perpetuity of Rs.750 payable at the beginning of each year, if money is worth

5%p.a. is

a) Rs. 15000 b) Rs.15750 ¢) Rs.14250  d) none of these
Solution: P=R + = =750+ == 750+15000= Rs.15750
Answer: b

3) A bond has a face value of Rs.1000 matures in 5 years; coupon rate is 4%p.a. with interest paid
semi-annually. If the bond is priced to yield 6%p.a., the present value of the bond is (Given (1.03)
10=0.7441)

a) Rs.1052.18  b) Rs.1038.53 c) Rs.953.12 d) 914.70
Solution: C=F x (r/100) =1000 x (2/100) =20

_ —-10
p.v.= 279 141000 (1.03)19= 914.70

Answer: d
4) A bond of face value Rs.500 matures in 3 years, interest is paid semi-annually and bond is priced to
yield 10%p.a. If the present value of bond is Rs.450 the annual coupon rate is
a) Lessthan 10% b) more than 10% c) equal to 10% d) None of these
Solution: If discount rate is greater than coupon rate then P.V.is less than face value
Answer: a
5) A bond of face value Rs.1000 matures in 10 years, interest is paid semi-annually and bond is priced
to yield 6%p.a. If the present value of bond is Rs.1250 the annual coupon rate is
b) Less than 6% b) more than 6% c¢) equal to 6% d) None of these
Solution: If discount rate is less than coupon rate then P.V.is greater than face value
Answer: a
6) Which is not true
(a) If discount rate <coupon rate, then P.V.> face value
(b) If discount rate =coupon rate, then P.V.= face value
(c) If discount rate >coupon rate, then P.V.< face value
(d) If discount rate <coupon rate, then P.V.< face value
(e) Answer: d
7)What sum of money invested now could establish a scholarship of Rs 2500, which is to
be awarded at the end of every year forever, if money is worth 4%compounded yearly
a) Rs.62500 b) Rs.125000 ¢) Rs.31250  d) none of these

10r0R _ 100x2500_p  crsiyq

Solution: P=

Answer: a
8) At what rate of interest will the present value of a perpetuity of Rs. 500 payable at the end
of each quarter be Rs. 400007
a) 1.25 % p.a. b) 2.5%p.a. c) 5% p.a. d) 6 %p.a.
100R _ 100R . 100X 500 5

Solution: P=—— > r 1.e. 1= ==1.25%
T P 40000 4

Answer: a
9) Mr. X borrowed Rs. 500000 from a bank to purchase a house and decided to repay the
loan by equal monthly payments in 10 years. If bank charges interest at
7.5%p.a. compounded monthly then EMI is (Given1.00625)!2°=2.1121
a) Rs.5935 b) Rs.6380 c)Rs.7340  d) Rs.8520
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P XiX(1+i)™ _ 500000 X 0.00625X(1+0.00625)*20

Solution: EMI = o1 (140.00625)120_1

= Rs.5935

Answer: a
10) EMI doesn’t depend on
(a)Principal borrowed (b)Rate of interest (c)Tenure of the loan (d) None of these
Answer: d
11) A person invested Rs.180000 in a mutual fund in year 2016.If the value of mutual
fund increased to 225000 in year 2020, then compound annual growth rate of his
investment is [use (1.25)"4=1.057]
(2)5.7% (b)10.57% (c)5.07%  d) None of these

1/n 1/4
Solution: CAGR= {%} -1={%} - 1=0.057=0.057X100% =5.7%

Answer: a
12) An asset costing Rs.15000 is expected to have a useful life of 5 years. If scrap
value of the asset is Rs.3000, then annual depreciation charge is

(2)Rs.3000  (b)Rs.2400 (c)Rs.2800 (d) Rs.3600

Solution: Annual depreciation= w =2400

Answer: b
13) A machine costing Rs. C would reduce to 10000 in 7 years. If annual depreciation charge is
Rs.10000, then the value of C is

a) 80000 b)70000 ¢)60000 d)none of these
Solution:  10000= 2% _,c= 80000
Answer: a

14) A vehicle costing Rs. 125000 has scrap value of Rs. 25000.If annual depreciation charge is
Rs.12500, then useful life of the vehicle is

a)4 years b)byears c)8years d)I10 years

Solution: 12500=M —-n=8

Answer: ¢
15) An annuity in which the periodic payment begins on a fixed date and continue forever is called
a) Sinking fund b) Coupon payment c) Perpetuity d) EMI
Answer ¢
16) A fund which is created to accumulate money over the years to discharge a future obligation
is called
a) Sinking fund b) Coupon payment c) Perpetuity d) EMI
Answer a
17) The amount or future value of perpetuity is
a) Sinking fund b) Coupon payment c) undefined d) EMI
Answer ¢
18) The issuer of bond pays interest at fixed interval at fixed rate of interest to investor is called
a) Sinking fund b) Coupon payment c) Perpetuity d) EMI

Answer b

19) The rate of interest used to discount the bond’s cashflows is known as
a) Discount rate b) yield to maturity
c)Discount rate or yield to maturity d) None of these
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Answer ¢
20) Full form of CAGR
a) Complex Annual Growth rate  b) Complex Annuity Growth rate
¢)Compound Annual Growth rate  d) Compound Annuity Growth rate
Answer ¢
ASSERTION - REASON BASED QUESTIONS
In the following questions, a statement of Assertion (A) is followed by a statement of Reason(R). Pick the
correct option:
a) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of Assertion
(A).
b) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct explanation of
Assertion (A).
c) Assertion (A) is true but Reason(R) is false.
d) Assertion (A) is false but Reason(R) is true.

1) Assertion (A): A machine costingRs.50,000 has a useful life of 4 years. The estimate scrap

value is 10,000 then the annual depreciation is Rs.10,000.
Original Cost+Scrap Value

usefullife

Reason(R): Annual depreciation=

Answer: ¢

Solution: D= % = w = 10,000

2) Assertion (A): The rate of interest for which the present value of perpetuity of Rs.500
payable at the end of each quarter be Rs.40,000 is 5%

Reason(R): Apply formula P= 5;

Answer: a
Solution: i=1/4, P=R/1

40,000 =22  r = L X100% =5
r/4 20

3) Assertion (A): An annuity in which the periodic payment begins on a fixed date and
continue forever is called perpetuity.

Reason(R): The amount or future value of perpetuity is defined.
Answer: ¢
4) Assertion (A): An investment of Rs.10,000 becomes Rs.50,000 in 4 years, then the CAGR
is given by [V5 -1] X 100
Reason(R): CAGR=] (M)“n ~11 X100

starting Value
Answer: a
50,000

Solution: CAGR==[ (22222)1 -1 X100 =[¥/5 -1] X 100

5) Assertion (A): The perpetuity is infinite

Reason(R): Future value of perpetuity is undefined

Answer: a
6) Assertion (A): Sinking fund is a fixed term account.

Reason(R): It can be used in any emergency.

Answer: ¢
|
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7) Assertion (A): In Flat rate method, the amount of interest is calculated on the principal
loan amount borrowed for its tenure at a constant rate of interest.

Reason(R): EMI = i P-Principal, i-interest rate per rupees per month, n- number of
payments
Answer: a
8) Assertion (A): Compound annual growth rate is a measure of an average yearly growth of
an investment over a certain time period when returns/ profits are reinvested
at the end of each year.
Fyv]/n
Reason(R): CAGR= [E +1
Answer: ¢
9) Assertion (A): the value of an asset is reduced uniformly over each period until it reaches

to its scrap or salvage value.
Originalcost of an asset—Scrap value

Reason(R): Annual depreciation=
( ) p Usefullife of asset in years

Answer: a
10)  Assertion (A): The present value of a perpetuity of Rs.500 payable at the end of every 6
months be Rs.10000 then rate of interest is 5%p.a.

100XPreiodic payment
Reason(R): Present Value = 24

Interest
Answer: d

100XPreiodic payment 200X500
P . 10000= —— ;1= 10%

Solution: Present Value = ,
rate of interest

VERY SHORT ANSWER TYPE QUESTIONS
1. Question: Find the present value of a sequence of payments of Rs.1000 made at the end of every 6

months and continuing forever, if money is worth 8% per annum compounded semi-annually.

Solution: P= % — 100% _ 100);1000—Rs.25,000

T
2. Question: What sum of money is needed to invest now, so as to get Rs.5000 at the beginning of every

month forever, if the money is worth 6% per annum compounded monthly?

Solution: r=6/12=1/2=0.5; 1=r/100=0.5/100=0.005)

P=R §=5000 + %=5000+1000000=Rs.1005000

3. Question: At what rate of interest will the present value of a perpetuity of Rs.500 payable at the end
of every 6 months be Rs.10000?

Solution: i=1/200; P= 5; - @
00R _ 200 X 500
- === =10%p. a
P 10000

4. Question: A firm anticipates an expenditure of Rs.500000 for plant modernization at end of 10 years
from now. How much should the company deposit at the end of each year into a sinking fund earning
interest 5% p.a.

Solution: A=R [%] - i= 1/100=5/100=0.05

10 _
= 500000 [0 —| Let x= (1.05)!°
0.05
10 _
= 500000 [ == log x = 10 log1.05= 10X0.0212
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0-629] x= antilog 0.2120=1.629

=500000 [ -

25000 _ps.39745.63
0.629

5. Question: Sanjay takes a personal loan of Rs.500000 at the rate of 12% per annum for 3 years.
Calculate his EMI by using flat rate method.

Solution: EMI = P*:”i :i=12/(12X100) =0.01
EMI = Rs. 18888.89

500000+500000X36X0.01
6. Question: A machine costingRs.50,000 has a useful life of 4 years. The estimate scrap value is 10,000.

36
Using straight line method, find the annual depreciation.
Original Cost—Scrap Value

Solution: Annual depreciation= ,
usefullife

_50000—-10000 —Rs. 10000

7. Question: The annual depreciation of a car is Rs.30000. If the scrap value of the car after 15 years is
Rs.50000, find the original cost of the car using linear method.
Original Cost—Scrap Value

usefullife
_C—-50000

15

Solution: Annual depreciation=

30000

C =Rs.50,000

8. Question: A dining table costing Rs.36000 has a useful life of 15 years. If annual depreciation is Rs.
2000, find its scrap value using linear method.

Original Cost—Scrap Value

usefullife
_36000-S

15

Solution: Annual depreciation=

2000

S=Rs.6,000
9. Question: A piece of equipment that cost Rs.25000 has an estimated useful life of 8 years and Rs.0

scrap value. Find the annual depreciation using linear method.
Original Cost—Scrap Value

usefullife

2500070 _p <3125

10. Question:A bond of Face value Rs.1000 has a coupon rate of 10% p.a. paid semi-annually. If the
present value of bond is Rs.1140, find coupon payment.

Solution:  C=1000X % = Rs.50

11. Question: A company ABC Ltd has raised funds in the form of 1,000 zero - coupon bonds worthX
1,000 each. The company wants to set up a sinking fund for repayment of the bonds, which will be
after 10 years. Determine the amount of the periodic contribution if the annualized rate of interest is
5%, and the contribution will be done half - yearly. Given that (1.025) 2° = 1.6386.

Solution: A=R [(“")" ‘1] - i=1/200=5/200=0.025

(1+.025)20 —1 1000000 X 0.025 _ 25000
1 = R— . = =
000000 0.025 i (1.025)20-1 0.6386

12. Question: Find the present value of a perpetuity ofX 18,000 payable at the end of 6 months, if the
money is worth 8% p.a. compounded semi - annually.

100R _100X 18000_p 4,50,0000

r
________________________________________________________________________________________________|

Solution: Annual depreciation=

=Rs.39148.136

Solution: P= % =
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13. Question: If the cash equivalent of the perpetuity ofX 1,200 payable at the end of each quarter isX
96,000, find the rate of interest convertible quarterly

Solution: P=§; 96000= 100X/1200 96000_100X1rzoox4 =5%

14. Question: A person buys a house for which he agrees to payX 5,000 at the end of each month for 8
years. If money is worth 12% converted monthly, what is the cash price of the house? (Given (1.01)
796 =(.3847229701)

i M\ 96 _ -96
Solution : EM = PXX0+) . p- 5000 X 0.01X(1+0.0)%_ 5000 X(1=00D7% _ p 307020 5
(1+)n-1 (1+.01)%6-1 0.01
15. Question: Sanjay takes a personal loan ofX 500000 at the rate of 12% per annum for 3 years

Calculate his EMI by using flat rate method.
. __ P+Pni _ 500000+500000X36X0.01 _ 680000
Solution: EMI = — = ” Il =Rs.18888.89
16. Question: Avni takes a loan 0fX 500,000 from a bank at an interest rate of 6% p.a. for 10 years. She
wants to pay back the loan in equated monthly installments. Find her EMI by using Flat rate method
(Given (1.005) ~120 = 0.5496327334)

Solution: EMI:P+£ni _ 500000+500i)20(§)X120X0.005 8010000 —Rs.6.666.67
17. Question:X 5000 is invested in a Term Deposit Scheme that fetches interest 6% per annum

compounded quarterly. What will be the interest after one year? Given that (1.015) * = 1.0613
Solution: Interest =P {(1+i)"-1} =5000{(1+0.015)*1} =5000{(1.015)*-1}
=5000 x 0.0613 =306.82

18. Question: Find the present value of a sequence of payments ofX 8,000 made at the end of each 6

months and continuing forever if money is worth 4% compounded semi — annually

Solution: P=2 = % = Rs.4,00000

19. Question: A refrlgerator costing Rs.76000 has a useful life of 20 years. If annual depreciation is Rs.

4000, find its scrap value using linear method.
Original Cost—Scrap Value

Solution: Annual depreciation= wserullire

_76000-S
15

4000

S=Rs.16,000

20. Question: Rahul purchased an old scooter forX 16000. If the cost of the scooter after 2
years depreciates to X 14440, find the rate of depreciation.
Solution: A=P (1-1%)“ :14440= 16000(1-%)2 = 5%

SHORT ANSWER TYPE QUESTIONS
1.  Question: A machine costing Rs.200000 has effective life of 7 years and its scrap value is Rs.30000.
What amount should the company put into a sinking fund earning 5% per annum, so that it can
replace the machine after its useful life? Assume that a new machine will cost Rs. 300000 after 7
years.

(1+l)

Solution: A= R[ ] A= 3,00000-30,000 =2,70,000: i=0.05

2,70,000 = R [%] Let x= (1.05)"— logx= 7xlog1.05=0.1484

R =13500/0.407 x= antilog0.1484=1.407
=Rs.33169.53
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2. Question: Rahul plans to save amount for higher studies of his son, required after 10 years. He
expects the cost of these studies to be Rs. 100000.How much should he save at the beginning of
each year to accumulate this amount at the end of 10 years, if the interest rate is 12% compounded
annually?

Solution: A= R(1+i) [*=1]

L

1.12)10 _1 1.12)11 —1.12

= Rs.5091.22 (By taking log (1.12)''=3.477)

_100000x0.12

 (112)11 -1.12

3. Question: A bond has face value of Rs.1000, mature in 4 years. Coupon rate is 4% per annum. The
bond makes annual coupon payments. If the yield to maturity is 4%,find the fair value of bond.

Solution: C=F X — = 1000X— = Rs.40
100 100

C[1-a+)™™M
i

P.V.= L RN

- —4} -
_ a0-(on™] 1000(1'04)-4=W+ 1000X0.8551

0.04
By log (1.04)* =0.8551

= 144.90+855.10=Rs 1000
4. Question: A bond of face value Rs.1000 has a Coupon rate of 6% per annum with interest paid

semi-annually and matures in 5 years. If the bond is priced to yield 8%p.a., find the value of the
bond.

Solution: C=F X —— = 1000X— = Rs.30
100 100

C[1-a+)~M
i

P.V.= L+ P+

— —10} —
_ 3001-(o9)7t 1000(1.04)_10:30[1 0.6761]
0.04 0.04

By log (1.04)1°=0.6761
=242.934+676.10= Rs 919.03
Hence, the fair value of bond is Rs 919.03
5. Question: A bond of face value Rs 1000 matures in 5 years. Interest is paid semi-annually and bond
1s period to yield 8%p.a. If the present value of bond is Rs800, find the annual coupon rate.

Solution: C=F X — = 1000X— = Rs.5t
100 200

+ 1000X0.6761

- i)~N}
p.v. = LT Ry
- —10} -
800 = WOV L 000(1.04) 1022078 1 1000X0.6761
By log (1.04)'0 = 0.6761
800-676.10 = 27103239
0.04

r=0.0306=3.06%
6.  Question: Mr Sharma borrowed Rs.1000000 from a bank to purchase a house and decided to
repay the loan by equal monthly instalments in 10 years. If bank charges interest at 9 % p.a.

compounded monthly, calculate the EMI. (Given1.0075'20=2.4514)
. 1000000 X 0.0075X(1+0.0075)12° 7500 X2.4514
Solution: EMI = =

(1+0.0075)120—1 > 4514—1 =Rs12667.42
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10.

11.

Question: A person wishes to purchase a house for Rs 45,00000 with a down payment of Rs 500000
and balance in EMI for 25 years. If bank charges 6%p.a. compounded monthly, calculate the EMI.
(Given 1.005°%°=4.4650)

P X ixX(1+)"

Solution: EMI = o1 ;P=45,00000-500000=40,00000; i= 6/12x100=0.005

40,00000 X 0.005X(1+0.005)3°% 20000 X4.4650
= =Rs25772
(1+0.005)300—1 4.4650-1

Question: Diwakar invested Rs.20000 in a mutual fund in year 2010.The value of mutual fund
increased to Rs.32000 in year 2015.Calculate the compound annual growth rate of his investment.

Solution: CAGR—{ V,} 1/n 1= {32000 1/

EMI =

5
- = 1/5 J— = -
20000} 1={1.6) 1=1.098-1

=0.098x100%=9.8%
By using log value of{1.6}/°=1.098
Question: Vikas invested Rs.10000 in a stock of a company for 6 years. The value of his investment
at the end of each year is given below:
Yearl Year 2 Year 3 Year 4 Year 5 Year 6
Rs.11000 Rs.11500 Rs.13000 Rs.11800 Rs.12200 Rs.14000
Calculate CAGR of his investment.

Solution: CAGR= {g} Y {1‘;223} - 1={1.4}1/6 — 1=1.058-1
=0.058x100%=5.8%
By using log value of{1.4}/6=1.058
Question:Suppose a person invested Rs 15000 in a mutual fund and the value of investment at the

time of redemption was Rs 25000.1f CAGR for this investment is 8.88%.Calculate the number of
years for which he has invested the amount

Solution: CAGR %= [{% _ 1])( 100
1 Tl
8.88 [ 25°°° _ 1]x100
15000

0.0888+1= [{1.667}/"|
1.0888= [{1.667}/"]

log 1.0888= 1/n log 1.667
_ 10g1.667_ 0.2219

10g1.089  0.0370
Question: Consider a bond with a coupon rate of 10% charged annually. The par value isX 2,000
and the bond has 5 years of maturity. The yield to maturity is 11%. What is the value of the bond.
(Given (1.11)”° =0.593451)

Solution: C=F X — = 2000X— = Rs.200
100 100

=5.991.¢.6 years

—(1+D)-M
P.v. = S RN
_ -5}
p.v. = ZUHQHIVT L 5000(1+0.11)7
_ -5}
P.V.= %uoooa.ms =200(3.6959) +2000(0.593451)
—Rs.1926.08
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12.

1)

2)

3)

4)

Question: Sonia investedI 40,000 in a mutual fund in year 2019. The value of mutual fund
increased to X 64,000 in year 2024. Calculate the compound annual growth rate of her investment.
[ Given, log (1.6) = 0.2041, antilog (0.04082) = 1.098]

Solution CAGR= {F-V-}l/ no {64000 1

/5
il } - 1={1.6}1/5 — 1=1.098-1=0.098x100%=9.8%
PV, 40000

By using log value of{1.6}/°=1.098
LONG ANSWER TYPE QUESTIONS
Question: A machine costs a company Rs. 52000 and its effective life is estimated to be 25 years.
A sinking fund is created for replacing the machine by a new model at the end of its life time, when
its scrap realizes a sum of Rs.2500 only. The price of the new model is estimated to be 25% more
than the price of present one. Find what amount should be set aside at the end of each year out of
the profit for the sinking fund, if it accumulates at 3.5% compound annually? [ Given
(1.035)%=2.3632)]
Solution:- Cost of machine= Rs.52,000
Cost of new machine= 52,000+25% of 52,000= Rs.65,000
Scrap value= Rs.25,000
Net amount required at the end of 25 yr.=Rs (65,000-2500) =Rs.62,500
A=Rs.62,500, n= 25 yr, i= 3.5/100=0.035%
ixA 0.035)x(62500) _ 2187.5
R= (1+H)"-1 B ((1+0.3)3(5)25—1) T 23632-1 =Rs.1604.68

Question: Find the purchase price of a Rs. 20000 bonds, redeemable at the end of 10 yr at 110 and
paying annual dividends at 4%, if the yield rate is to be 5% effective. (1.05)1°=0.6139
Solution:- n=10, i= 5/100=0.05

C= Annual dividend= 4%of F.V.=—X20000=Rs.800
F=redemption pI‘iCCZZOOOOX% =Rs.22,000

Let V be the purchase price of the bond

_ =N} _ —10}
V= % + F(1+)N = 20 ((1)2‘;'05) 1+ 22000(1+0.05)1°

=[16000{1-(1.05)"'% +22000(1.05)'°} =Rs.19683.40
Question: Rajesh purchased a house from a company for Rs. 25,00000and made a down payment
of Rs.500000. He repays the balance in 25 yr by monthly instalment at the rate of 9%p.a.
compounded monthly
(1)What are the monthly payment?
(ii))What is the total interest payment? Given (1.0075)3%°=0.1062
Solution:- Cost of house=Rs 2500000, Down payment= Rs.500000

Principal amount= 25,00000-5,00000= Rs.2000000, n=25x12=300, i=9/1200=0.0075
P XiX(1+i)™ 2000000X 0.0075X(1+0.0075)3°° 15000 X 1/0.1062_ 141242.93 141242.93
EMI= a+Hn-1 (14+0.0075)300—1 (1.0075)300—-1  1/0.1062-1 8.4161 16,782.46

Total Interest= nxEMI-P=300x16782.46-2000000=Rs.3034681

Question: Loan of Rs. 400000 at the interest rate of 6.75% per annum compounded monthly is to
be amortized by equal payment at the end of each month for 10 yr, find the size of each monthly
payment. [(1.005625)'2°=1.9603]

. P X iX(1+i)™ 400000X 0.005625X(1+0.006525)120
Solution:- EMI= A+)7_ ( )

(1+)n-1 (1+0.006525)120—1
2250x1.9603 4410.675
= = =Rs.4593

1.9603-1 0.9603
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Monthly payment= Rs.4593
CASE BASED QUESTIONS
1. Question: In year 2000, Mr. Talwar took a home loan of Rs.30,00000 from state Bank of
India at 7.5%p.a. compounded monthly for 20 years. (1.00625)**°=4.4608
Based on the above information, answer the following question:
a) What was EMI paid by Mr. Talwar
b) What was interest paid by Mr. Talwar in 150" payment?

¢) What was Principal paid by Mr. Talwar in 150" payment?
i n\n 240
Solution: a) EMI— ZX X(L+)"_3000000X 0.00625X(1+0.006225)

1=7.5/1200=0.00625

(1+)m"-1 (14+0.00625)240—1 i
3000000X 0.00625X(1.006225)240 3000000X 0.00625X4.4608
= ( - —Rs.24167.82
(1.00625)240—1 4.4608—1
o EMI[ (1+i)"K+1_1]
b) Interest paid in kth payment=
) p p y (1+i)n—k+1
cy . 24167.82[ (140.00625)240-150+1_1] 24167.82[ (140.00625)°1-1]
Interest paid in 150th payment= =
p pay (140.00625)240-150+1 (140.00625)°1
24167.82[ (1.00625)°1-1 24167.82[ 0.7629
= [ I = [07629] _ Rs.10458.69
(1.00625)91 1.7629

¢) Principal paid by Mr. Talwar in 150" payment= EMI — Interest paid in 150th payment
=24.167.82-10458.69= Rs.13709.13
2) Question: A loan of Rs.250000 at the interest rate of 6%p.a. compounded monthly is to be amortized
by equal payments at the end of each month for 5 years, find
a) the size of each monthly payment
b) interest paid in 40" payment
c) total interest paid

[ Given (1.005)6021.3489, (1.005)2121.1 104]
Solution: a) EMI= P X iX(1+i)™_2,50,000X 0.005X(1+0.005)%0

1=6/1200=0.005

(1+)m-1 (1+0.005)69-1 ’
2,50,000X 0.005X(1.005)¢° 2,50,000X 0.005X1.3489
= 1009" - ~Rs.4832.69
(1.005)60—1 1.3489-1
S 1th 4832.69[ (1+0.005)60740+1 1]  4832.69[ (1.005)21-1]
a Interest paid in k™ payment =
) p pay (1+0.005)60-40+1 (1.005)21

_ 4832.69[1.1104-1] —480.48
1.1104

b) Total interest paid=n x EMI -P =60x 4832.69-250000=Rs.39961.40
3) Question: A couple wishes to purchase a house for Rs.10,00000 with a down payment of
Rs.2,00000. If they can amortize the balance at 9% per annum compounded monthly for 25 years
a)what is their monthly payment?
b)What is the total interest paid?
P X iX(1+i)™_(1000000—200000)X 0.0075X(1+0.0075)3°°

Solution a) EMI= , ; 1=9/1200=0.0075
(1+)n-1 (1+40.0075)300—1
300
_ (800000)X 0.00752{0(1.0075) 6000 x10.47 “Rs.6633.57
(1.0075)300—1 10.47-1

a) Total interest paid=n x EMI- P=300x 6633.57-800000
=1990071-800000=Rs.11,90,071
HIGHER ORDER THINKING SKILLS
1) Question: A loan of Rs.400000 at the interest rate of 6.75%p.a. compounded monthly is to be
amortized by equal payments at the end of each month for 10 years. Find
1)the size of each monthly payment.
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ii)the principal outstanding at the beginning of 61 month
iii)the interest paid in 61% payment.

iv)the principal contained in 61 payment

v)total interest paid.

[Given (1.005625)'%°=1.9603, (1.005625)%°=1.4001]

. . P X iX(1+i)™ 400000X 0.005625X(1+0.005625)120
Solution i) EMI= X X(+D"_ ( )

; 1=6.75/1200=0.005625

(1+i)n-1 (1+0.005625)120—1
400000X 0.005625X(1.005625)12° 400000X 0.005625X1.9603
= = =Rs.4593
(1.005625)120—1 1.9603—1

ii) Principal outstanding at the beginning of 61 month=
_ 4593[ (1+40.005625)120761+1_1] 4593 (1.005625)60—-1]
0.005625(1+0.005625)120-61+1 ~ (,005625(1.005625)69

_ 4593x[1.4001-1] _ 4593x [0.4001] = Rs233336.89

T 0.005625x1.4001  0.005625x1.4001
4593[ (1+0.005625)120761+1_1]  4593[(1.005625)°0-1]

(1+0.005625)120-61+1 (1.005625)60

_ 4593(140011) _p 131 5)
1.4001

iv) Principal contained in 61 payment=EMI-Int. paid in 61 payment
=4593-1312.52=Rs3280.48
v) Total interest paid=n x EMI- P= 120x 4593-400000
=Rs.151160
2) Question: A bond that matures in 6 yr has coupon rate of 12%p.a.and has a face value of
Rs15000.Find the fair value of bond, if the yield to maturity is 10%. [(1.1)°=0.56]

Solution- C= F x — =15000 x —= =Rs.1800
100 100

iii)Interest paid in 61% payment=

C[1-(1+)~M) ..N__1800[1—(1+0.1)"6}] .
(P.V)= ————+F(+) N= o +15000(1+0.1)®
_1800[1—(1.1)7%] 1800[1-0.56]

+ 15000x0.56=Rs.16320

EXERCISE
MULTIPLE CHOICE QUESTIONS

1) Simran purchased a number of stocks of Amazon. At the end of first year, she received a payment
of 8000, which grows at a rate of 3%per year and continues forever. If the discount rate i1s7%.
Then, the present value of Simran’s investment is
(a)32000 (b)20000 (c)200000 (d)40000

2) The present value of a perpetuityof” 5000 payable at the end of each year, if money is worth 5%
compounded annually is
(2)20000  (b)100000  (c)10000 (d)25000

3) The rate of interest will the present value of perpetuity of 500payable at the end of every 6months
be10000 is
(2)5% (b)8% (©10%  (d)4%

4) A bond of face value of 500 mature in3yr. Interest is paid half-yearly and bond is price to yield 8%
annually. If the present value of bond is 450, then annual coupon rate is
(a)less than10% (b)equal to10%  (c)more than10%  (d)None of these

5) Manish takes a loan of 300000 at an interest of 10%compounded annually for a period of 3yr, then
EMI by using flat rate method is
(a)Rs.1083.33 (b) Rs 1073.33 (c) Rs 1093.33 (d) Rs 1063.33

-6
— +15000(1.1)° =
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6)

7)

8)

9

A company ABC Ltd has issued a bond having a face value of 10000 paying annual dividend at 8%.
The bond will be redeemed at par at the end of 10yr.The purchase price of this bond, if the investor
wishes a yield rate of 8%is (given (1.08)1°=0.4632)
(a) 8000 (b)12000 (c)10000 (d)9000
Mr. Ahuja borrowed 100000 from a bank to purchase a car and decided to repay the loan by equal
monthly instalments in10yr.If bank charges interest at 9% per annum compounded monthly, then
the value of EMI is (given (1.0075 )!20=0.24514)
(a)1250 (b)1266.74 (c)1300  (d)None of the above
A person buys a house for which he agrees to pay 5000 at the end of each month for 8yr. If money
is worth12% converted monthly. Then, the cash price of house is (given ( 1.01 )®®
=0.3847)
(2)307650 (b)407650 (¢)507650 (d)None of these
Mr. Malik borrowed 500000 from a bank to purchase a house and decided to repay the loan by equal
monthly payment in10yr.If bank charges interest at 7.5% per annum compounded monthly, then
EMI is (given (1.00625)'2°=2.1121)

a. 5935 (b) 6380 (c)7340 (d)8520

10) A company intends to create a sinking fund to replace at the end of 20th year assets costing

50000.Calculate the amount to be retained out of profit every year, if the interest rate is 5% (given
(1.00625)!2°=2.1121)
(a)15122.18 (b)15322.18 (c)15422.18 (d)15022.18

ASSERTION - REASON BASED QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason(R). Pick the
correct option:

1.

a) Both Assertion (A) and Reason(R) are true and Reason(R) is the correct explanation of
Assertion (A).

b) Both Assertion (A) and Reason(R) are true but Reason(R) is NOT the correct explanation of

Assertion (A).

c) Assertion (A) is true but Reason(R) is false.
d) Assertion (A) is false but Reason(R) is true.

Assertion (A): A machine costingRs.25000 has a useful life of 8 years. There is no scrap value then

the annual depreciation is Rs.6150
Original Cost—Scrap Value

Reason(R): Annual depreciation= wseful life

Assertion (A): The present value of a perpetuity of Rs.900 payable at the end of each year be

Rs.18000 then rate of interest is 5%p.a.
100XPreiodic payment

Reason(R): Present Value =
Interest

Assertion (A): An investment of Rs.10,000 becomes Rs.14,000 in 6 years, then the CAGR is given
by [¥/1.4-1]1 X 100 %
Reason(R): CAGR=[ (

Ending value

)”ﬂ] X100%

Assertion (A): An EMI is a fixed payment made by a borrower to a lender at a specific date every
month to clear off the loan

Reason(R): A loan is said to be amortized if each installment is used to pay interest and part of the
principal

Assertion (A): The time period in which an asset is expected to be functional and fit for the purpose
is called useful life.

starting Value
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Reason(R): The value of depreciable asset at the end of its useful life is called depreciated value.
6. Assertion (A): The present value of a perpetuity whose periodic payment of X R is made at the

end ofeach payment period, interest being X 1 per rupee per period is given by 5; .

Reason (R): Sum of an infinite G.P. whose first term is a and common ratio is r (r < 1) is given by
a

1-r
VERY SHORT ANSWER TYPE QUESTIONS

1. At 6% converted quarterly, find the present value of a perpetuity of 45000 payable at the end of each
quarter.

2. The present value of a perpetual income of" R at the end of each month i1s42000.Find the value of
R, if money is worth 6% compounded semi-annually.

3. At what rate of interest will the present value of 300 payable at the end of each quarter be 240007

4.  What sum of money is needed to invest now, as to get10000at the beginning of every month forever,
if the money is worth 8%per annum compounded quarterly?

5. What amount is received at the end of every 6 months forever, ifRs72000 kept in a bank earns 8%p.a.
compounded half yearly?

6. A dining table costingI 36000has a useful life of 15 years. If annual depreciation is X 2000, find its
scrap value using the linear method.

SHORT ANSWER TYPE QUESTIONS

1. Mr. Taneja purchase a house of 4500000 with a down payment of 500000 and balance in EMI for
25yr.If bank charges 6%per annum compounded monthly Calculate the EMI.  (given
(1.005)3%°=4.4650)

2. A firm anticipates a capital expenditure of 80000 for a new equipment in Syr. How much should be
deposited quarterly in sinking fund carrying 12% per annum compounded quarterly to provide for
the purchase? (given (1.03)?° = 1.8061)

3) A man wants to deposit a lump sum amount so that an annual scholarship of Rs3000 is paid. Rate
of interest is 5%p.a. Calculate the lump sum amount required, if the scholarship is to start at the end
of this year and continue forever

4) What sum of money invested now could establish a scholarship of Rs 5000 which his to be awarded
at the end of every year forever, if money is worth 8%p.a.

5. Find the present value of a perpetuity of Rs 300 payable at the beginning of every 6 months, if
money is worth 6%p.a.

6. A machine costingX 30,000 is expected to have a useful life of 4 years and a final scrap value of X
4000. Find the annual depreciation charge using the straight - line method. Prepare the depreciation
schedule.

LONG ANSWER TYPE QUESTIONS

1. Mr. Kailash has taken a personal loan of 200000 for2yr at an interest rate of 20% per annum, which
is to be paid back in equal monthly installments. How much monthly installment Mr. Kailash will
pay? [ given {61/60}2*=0.6725

2. A machine costs a company 52000 and its effective life is estimated to be 25yr.A sinking fund is
created for replacing the machine by a new model at the end of its life time, when its scrap realizes
a sum of 2500 only. The price of the new model is estimated to be 25% more than the price of
present one. Find what amount should be set aside at the end of each year out of the profit for the
sinking fund, if it accumulates at 3.5% compound annually?

(given (1.035)*=2.3632)
|
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3. A machine is bought for 320000.Its effective life is 8yr, after which its salvage value would be
25000.1t is decided to create a sinking fund to replace this machine at the end of its effective life by
making half yearly payments that will earn an interest of 8% per annum compounded half yearly. If
it is known that the cost of machine increases by 5%per annum. Calculate the amount of each
payment to the sinking fund.

[given(1.04)!%=1.8730 16=and (1.05) = 1.4774]

4. A machine costs accompany Rs.52000 and its effective life is estimated to bel2yr. A sinking fund
is created for replacing the machine by a new model at the end of its life time, when its scrap realizes
a sum of 5000 only. The price of new model is estimated to be 25% higher than the price of the
present one. Find what amount should be set aside at the end of each year, out of the profit, for the
sinking fund, if it accumulates at 10% effective. (given (1.1 )!?=3.1384)

5. A person amortizes a loan of 150000 for a new home by obtaining a 10yr mortgage at the rate of
9%per annum compounded monthly. Find (i) the monthly payment (ii)the total interest paid (given
(1.0075)"2°=0.4079

CASE BASED QUESTIONS
1. Aakriti invest in bond of face value of 1000 has a coupon rate of 8% per annum with interest
paid semi-annually and mature in Syr.
Based on above information, answer the following questions.
(1) If discount rate is 6%per annum, then check whether present value of bond is more than face value
or less than?
(i1) If the present value of bond is 1000, then find discount rate.
2. In year 2018, Mr. Verma took a loan of 250000 at the interest of 6%per annum compounded
monthly is to be amortized by equal payment at the end of each of Syr.
[given (1.005)%°= 1.3489]
Based on the above information, answer the following questions
(1) How many payments are there?
(1) Find size of each monthly payment
(111) What is the total interest paid by Mr. Verma

HIGHER ORDER THINKING SKILLS

1. Mrs. Sharma took a housing loan of Rs.800000 to be paid in 10 yr by equal monthly installments. The
interest charged 1s10.5%per annum compounded monthly. Find her monthly installment. (given
(1.00875)12° = 0.3515)

2. A machine costs a company52000 and its effective life is estimated to be 12 yr. A sinking fund is
created for replacing the machine by a new model at the end of its lifetime, when its scrap realizes a
sum of 5000 only. The price of new model is estimated to be25% higher than the price of the present
one. Find what amount should be set aside at the end of each year, out of the profit, for the sinking
fund, if it accumulates at10%effective. (given (1.1)!2 =3.1384)
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ANSWERS
MULTIPLE CHOICE QUESTIONS

1.(c)200000 2. (b)'100000 3.(c)10% 4. (a)less than10% 5. (a)Rs.1083.33
6. (c)10000 7. (b)1266.74 8. (2)307650 9.(a) 5935 10.(a)15122.18

ASSERTION - REASON BASED QUESTIONS
Ld)iv) 2.a)(@) 3.¢) (i) 4.2) (@) 5.d)({v) 6.(a) (D)

VERY SHORT ANSWER TYPE QUESTIONS
1. Rs. 3000000  2.Rs.1260 3.5% 4.Rs.510000 S.Rs. 2880 6.Rs.6000

SHORT ANSWER TYPE QUESTIONS
1.Rs.25772  2.Rs.2977.29 3.Rs.60000 4. Rs.62500 5. Rs.10300
6. 0yr-30,000;1yr-23500;2yr-17,000;3yr-10,500;4yr-4000

LONG ANSWER TYPE QUESTIONS
1. Rs.10178 2. Rs.1604.68 3. Rs.20516.28 4. Rs.2805.85 5. (i) Rs.1900 (i1) Rs.78000

CASE BASED QUESTIONS
1. (i) More than F.V. (ii) 8% 2. (i) 60 (ii) Rs.4832.69 (iii) Rs.39961.40

HIGHER ORDER THINKING SKILLS
1.Rs.10794.14 2. Rs.2805.85
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UNIT-8
LINEAR PROGRAMMING

Gist/Summary

Linear Programming Problems
Objective Function
Decision Variables
Constraints
Different types of linear programming problems — Manufacturing Problem, Diet Problem
Mathematical Formulation of LPP
Feasible region and Feasible Solution
Definitions and Formulae

VVVYVYYVYVYVYY

Linear Programming Problems: Problems which minimize or maximize a linear function Z subject to
certain conditions determined by a set of linear inequalities with non-negative variables are known as
linear programming problems.

Objective function: A linear function Z = ax + by, where a and b are constants which has to be
maximized or minimized according to a set of given conditions, is called as linear objective function.
Decision variables: In the objective function Z = ax + by, the variables x, y are said to be decision
variables.

Constraints: The restrictions in the form of inequalities on the variables of a linear programming
problem are called constraints. The conditions x = 0, y > 0 are known as non-negative restrictions.
Different types of linear programming problems: A few important linear programming problems are as
follows:

Manufacturing problem: In such problem, we determine: (a) Number of units of different products to be
produced and sold. (b) Manpower required, machines hours needed, warehouse space available, etc.
Objective function is to maximize profit.

Diet problem: Here, we determine the amount of different types of constituent or nutrients which should
be included in the diet. Objective function is to minimize the cost of production.

Assignment Problem: The assignment problem is a special case of transportation problem where the
number of sources and destinations are equal. Supply at each source and demand at each destination must
be one.

Blending problem:To determine the optimum amount of several constituents used in producing a set of
products while determining the optimum quantity of each product to be produced.

Investment problem: To determine the amount of investment in fixed income securities to maximize the
return on these investment.

Limitations of Linear Programming:

(1) To specify an objective function in mathematical form is not an easy task.

(i1) Even if objective function is determined, it is difficult to determine social, institutional, financial and
other constraints.
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(111) It is also possible that the objective function of constraints may not be directly specified by linear
inequality equations.
Mathematical Formulation of LPP
Let us take an example to understand how to formulate a LPP mathematically.
Example 1 : An electronic firm is undecided at the most profitable mix for its products. The products
manufactured are transistors, resistors and carbon tubes with a profit of (per 100 units) X 10,3 6 and T 4
respectively. To produce a shipment of transistors containing 100 units requires 1 hour of engineering, 10
hours of direct labour, and 2 hours of administrative service. To produce 100 units of resistors requires 1
hour, 4 hours and 2 hours of engineering, direct labour and administrative services respectively. For 100
units of carbon tubes it needs 1 hour, 6 hours and 5 hours of engineering direct labour and administrative
services respectively.
There are 100 hours of engineering time, 600 hours of direct labour and 300 hours of administrative time
available. Formulate the corresponding LPP.
Sol.: Let the firm produce X hundred units of transistors, ¥ hundred units of resistors and Z hundred units
of carbon tubes. Then the total profit to be maximized from this output will be
P =10X + 6Y + 47
This is our objective function.
Now production of X hundred units of transistors, Y hundred units of resistors and Z hundred units of
carbon tubes will require X + Y + Z hours of engineering time, 10X + 4Y + 6Z hours of direct labour
time and 2X + 2Y + 5Z hours of administrative service.
But the total time available for engineering, direct labour and administrative services is 100,600 and 300
hours respectively.
Hence the constraints are:
X+Y+Z<100
10X +4Y + 6Z < 600
2X +2Y +5Z <300

with X,Y,Z > 0 as the non-negativity restriction. Thus, the formulation is
Maximize, P = 10X + 6Y + 4Z subject to constraints:
X+Y+Z<100
10X +4Y + 6Z < 600
2X +2Y +5Z <300
X,Y,Z>0

Key Facts
Linear programming is often used for problems where no exact Solution is known, for example for
planning traffic flows.
The goal of linear programming is to maximize or minimize specified objectives, such as profit or cost.
This process is known as optimization.
Linear programming is heavily used in microeconomics and company management, such as planning,
product, transportation, technology and other issues, either to maximize the income or minimize the costs
of a production scheme.
Feasible region: The common region determined by all the constraints including non-negative constraints
x,y = 0 of linear programming problem is known as the feasible region.

Feasible Solution: Points within and on the boundary of the feasible region represents feasible Solutions

of constraints.
'
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In the feasible region, there are infinitely many points (Solutions) which satisfy the given conditions.
Theorem 1: Let R be the feasible region for a linear programming problem and let Z = ax + by be the
objective function. When Z has an optimal value (maximum or minimum), where variables x and y are
subject to constraints described by linear inequalities, the optimal value must occur at a corner point
(vertex) of the feasible region.

Theorem 2: Let R be the feasible region for a linear programming problem, and let Z = ax + by be the
objective function. If R is bounded, then the objective function R has both maximum and minimum
values of R and each of these occurs at a corner point (vertex) of R.
However, if the feasible region is unbounded, the optimal value obtained may not be maximum or
minimum.
Corner or Extreme Point Method of Formulation of LPP
Step 1: Formulate the linear programming problem in x and y with given conditions.
Step 2: Convert the inequality constraints into equality constraints and plot each line on the graph paper.
Step 3: Find the feasible region and check if the feasible region is bounded or unbounded.
Step 4: Evaluate the value of the objective function Z at each corner point. Let M be the greatest and m be
the smallest value of the objective function Z .
(i) When the feasible region is bounded: M and m are the maximum and minimum values of the
objective function Z, respectively.
(i1)) When the feasible region is unbounded:
(a) M is the maximum value of the objective function Z, if the open half plane determined by ax + by >
M has no point in common with the feasible region. Otherwise the objective function has no maximum
value.
(b) m is the minimum value of the objective function Z, if the open half plane determined by ax + by <
m has no point in common with the feasible region. Otherwise, the objective function has no minimum
value.

MULTIPLE CHOICE QUESTIONS (SOLVED)

The feasible region corresponding to the linear constraints of a Linear Programming Problem is given
below.

©,2)
X 4=t = > X
(@) ‘-1%2/ 0) (1 0,0
Y +)(
v 3

Which of the following is not a constraint to the above Linear Programming Problem?
@x+y=>2 (b)x+2y <10 )x—y=>1 dx—y<1
Ans. Option (c) is correct.
Solution: We observe, (1,2) does not satisfy the inequality x —y = 1 ((You can take any point in the
feasible region). Therefore, it will not contain the shaded feasible region.
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The corner points of the shaded unbounded feasible region of LPP are (0,4), (0.6,1.6) and (3,0) as
shown in the figure. The minimum value of the objective function Z = 4x + 6y occurs at
s e A A ik

(a) (0.6,1.6) only

(b) (3,0) only

(¢) (0.6,1.6) and (3,0) only

(d) At every point of the line-segmnt joining the points (0.6,1.6) and (3,0)
Ans. Option (d) is correct.

Solution: The minimum value of the objective function occurs at two adjacent corner points (0.6, 1.6)

and (3,0) and there is no point in the half plane 4x + 6y < 12 in common with the feasible region.
So the minimum value occurs at every point of the line segment joining the two points.

If the corner points of the feasible region are A(0,10), B(5,5), C(15,15) and D (0,20), then
at which point(s) is the objective function Z = 3x + 9y maximum?
(a) Point B (b) Point C (c) Point D (d) every point on the line segment CD

Ans. Option (d) is correct.
Solution: Z is maximum 180 at points C(15,15) and D(0,20)
= Z is maximum at every point on the line segment CD

Q.4. In the given graph, the feasible region for an LPP is shaded. The objective function Z = 2x — 3y,
will be minimum at:

N
(, 10)
,8) (6,8)
(6, 5)
(0, 0 M
(a) (4,10) (b) (6,8) (c) (0,8) (d) (6,5)

Ans. Option (c) is correct
Solution: Z is minimum -24 at (0,8)
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Q. 5. A linear programming problem is as follows:

Minimize Z = 30x + 50y
Subject to the constraints,

3x + 5y =15
2x +3y <18
x=20,y=0

In the feasible region, the minimum value of Z occurs at

(a) A unique point (b) No point (c) In finitely many points  (d) Two points only
Ans. Option (d) is correct

Solution: Let the equation of constraints be

3x +5y =15
2x +3y =18
x=0,y=0

: - , X
o G0 (9, 0]

Comer point§ of feasible 7 = 30x + 50y
region
(5,0) 150
(9,0) 270
(0,3) 150
(0,6) 300

Minimum value of Z occurs at two points.

Q. 6. For an objective function Z = ax + by, where a, b > 0; the corner points of the feasible region
determined by a set of constraints (linear inequalities) are ( 0,20), (10,10), (30,30) and (0,40). The
condition on a and b such that the maximum Z occurs at both end points ( 30,30 ) and ( 0,40 ) is:
(ab—3a=0

(bya=3b
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(c)a+2b=0

(d2a—b=0

Ans. Option (a) is correct

Solution: As Z is maximum at ( 30,30 ) and ( 0,40 )

= 30(a+b) =40b
= b—3a=0

Q 7. A mining company owns two different mines that produce ore which is graded in two classes: high
and medium grade. The two mines have different operating characteristics as detailed below:

Mine | Cost per day (in lakhs) Production (tons/day)

High grade | Medium grade

X 105 5 3

Y 90 1 2

For a particular week, the company contracted to provide 10 tons of high-grade and 8 tons of medium
grade ore to a factory. The company wants to work out how many days per week it should operate each
mine to fulfill the contract keeping the mining cost as low as possible.

Taking x to be the number of days per week that mine X is operated, and y to be the number of days per
week mine Y is operated, what will be the objective function and constraints for this LPP (Assume 0 <
x,y<7)

(a) Objective function: 105x + 90y; Constraints 5x +y > 10 & 3x + 2y > 8

(b) Objective function 105x +90 y; Constraints. 5x + 3y > 10 & x + 2y > 8

(c) Objective function 5x + 3y; Constraints: 5x +y = 105 & x + 2y = 90

(d) Objective functions x + 2y Constrains: 5x + 3y < 105 & x + 2y < 90

Ans. Option (a) is correct.

Solution : The objective function is to minimize the total cost, with minimum number of high-grade ores
as 10 and minimum number of medium grade ore as 8. As per the contract, the company must provide 10
tons of high-grade and 8 tons of medium grade. So, it must produce at least 10 tons of high grade and 8
tons of medium grade.

Option (b) the constraints are incorrect with numbers from the table processed incorrectly

Option (c) the objective function is incorrect and constrains are also incorrect. Numbers taken from the
table only.

Option (d) the objective function is incorrect, and constraints are also incorrect. Numbers taken from the
table only.

Q. 8 The comer points of the bounded feasible region determined by a system of linear constraints are (0,
3)(1, 1) and (3, 0). Let Z = px + qy, where p,q > 0
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The condition on p and g so that the minimum of Z occurs at (3, 0) and (1, 1) is
@)p =2q b)yp=1 (©)p =3q dp=gq

Ans. Option (b) is correct.

Solution: Z = px + qy, At (3,0),Z =3p
andat (1,1),Z=p+q

From (i1) & (iii), 3p =p+q = 2p = q.

Q. 9. The Solution set of the inequality 3x + 5y < 4 is

(a) an open half-plane not containing the origin

(b) an open half-plane containing the origin.

(c) the whole xy-plane not containing the line 3x + 5y = 4
(d) A closed half plane containing the origin

Ans. Option (b) is correct.
Solution: The strict inequality represents an open half plane and it contains the origin as ( 0, 0 ) satisfies
it.

Q. 10. The corner points of the feasible region determined by the system of linear constraints are
(0,0),(0,40), (20,40), (60,20), (60,0). The objective function is Z = 4x + 3y.
Compare the quantity in Column A and Column B

Column A Column B
Maximum of Z 325
(a) the quantity in column A is greater. (b) the quantity in column B is greater.

(c) the two quantities are equal.
(d) The relationship cannot be determined on the basis of the information supplied.
Ans. Option (b) is correct.

Solution:
. Corresponding value of
Corner points 7= 4x+3y
(0,0) 0
(0,40) 120
(20,40) 200
(60,20) 300 - Maximum
(60,0) 240

Hence, maximum value of Z = 300 < 325

So, the quantity in column B is greater.
|
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Q. 11. The feasible Solution for a LPP is shown in given figure. Let Z = 3x — 4y be the objective
function. Maximum of Z occurs at

(4, 10)

0, 8) L

(0, 0) (1) N
(a) (0,0) (b) (0,8) (c) (5.0) (d) (4,10)
Ans. Option (c) is correct.
Solution:
Corner points Corresgoild;;gi Vf}l;ue of

(0,0) 0

(5,0) 15 » Maximum

(6,5) -2

(6,8) -14

(4,10) -28

(0,8) —32 - Minimum

Hence, the maximum of Z occurs at (5,0) and its maximum value is 15.
Q. 12. The feasible region for an LPP is shown in the given Figure.

(12,6)

oo,

(6,0)
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Let F = 3x — 4y be the objective function. Maximum value of F is

(@0 (b) 8 (c) 12 (d)-18

Ans. Option (c) is correct

Solution: The feasible region as shown in the figure, has objective function F = 3x — 4y.

Corner points Correngn;in_g Z;lue of
(0,0) 0
(12,6) 12 » Maximum
(0,4) —16 - Minimum

Hence, the maximum value of F is 12 .

Q. 13. Corner points of the feasible region for an LPP are (0,2), (3,0), (6,0), (6,8) and (0,5). Let
F = 4x + 6y be the objective function.

The minimum value of F occurs at

(a) (0,2) only

(b) (3,0) only

(c) the mid-point of the line segment joining the points (0,2) and (3,0)

(d) any point on the line segment joining the points (0,2) and (3,0)

Ans. Option (d) is correct

Solution:
. Corresponding value of
Corner points F = 4x + 6y
(0,2) 12 - Minimum
(3,0) 12 - Minimum
(6,0) 24

Q. 14. The objective function Z = ax + by of an LPP has maximum value 42 at (4,6) and minimum
value 19 at (3,2). Which of the following is true ?

(aa=9,b=1
(b)a=5b=2
(c)a=3,b=5
(da=5b=3

Ans. Option (c) is correct
Solution: Z = ax + by

4a + 6b = 42
3a+2b=19

from (i) & (i) a =3,b =5

Q. 15. The corner points of the feasible region of a linear programming problem are (0,4), (8,0) and

20 4 . o . . - .
(?, 5). If Z = 30x + 24y is the objective function, then, maximum value of Z - minimum value of Z is
-]
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equal to:

(a) 40 (b) 96 (c) 144 (d) 136
Ans. Option (c) is correct

Solution: Z = 30x + 24y

At (8,0) Z =30 X 8 + 24 X 0 = 240 Maximum

At (0,4) Z =30 X 0+ 24 X 4 = 96 Minimum
At(Q,i) Z7=30x2+24x2=232
3’3 3 3
= Maximum - Minimum
=240 — 96 = 144

Q. 16. A Linear Programming Problem is as follows:

Minimise z=2x+y
subject to the constraints x =>3,x <9,y >0
x—y=20x+y<14

The feasible region has

(a) 5 corner points including (0,0) and (9,5)

(b) 5 corner points including (7,7) and (3,3)

(c) 5 corner points including (14,0) and (9,0)

(d) 5 corner points including (3,6) and (9,5)

Ans. Option (b) is correct.

Solution: On plotting the constraints x = 3, x = 9,x = y and x + y = 14, we get the following graph.
From the graph given below it clear that feasible region is ABCDEA, including corner points
A(9,0),B(3,0), €(3,3),D(7,7) and E(9,5).

Thus feasible region has 5 corner points including (7,7) and (3,3).

v oy
(0,14)

(3,3),

x 0 A (14,0

0~ BBO) |90

2+y=14

x-y=0
Yy x=3 x=9

Q.17. The corner points of the feasible region for a Linear Programming problem are
P(0,5),Q(1,5),R(4,2) and S(12,0). The minimum value of the objective function Z = 2x + 5y is at the
point

(a) P (b) Q ()R (d)S

Ans. Option (c) is correct.
Solution:
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Corner Points | Value of Z = 2x + 5y

P(0,5) Z =2(0)+5(5) =25

Q(1,5) Z =2(1)+5(5) = 27

R(4,2) Z = 2(4) + 5(2) = 18 Minimum
5(12,0) Z =2(12) + 5(0) = 24

Thus, minimum value of Z occurs at R(4,2).
Q.18. A Linear Programming Problem is as follows:

Maximise / Minimise objective function
Z=2x—y+5
Subject to the constraints

3x +4y < 60
x+ 3y <30
x=20,y=0

If the corner points of the feasible region are A(0,10), B(12,6), C(20,0) and 0(0,0), then which of the
following is true ?

(a) maximum value of Z is 40(b) minimum value of z is -5

(c) difference of maximum and minimum values of z is 35

(d) At two corner points, value of Z are equal

Sol. Option (b) is correct.

Solution:
Corner Points | Valueof Z =2x —y+5
A(o, 10) Z=2(0)—10+5 = —5 (Minimum)
B(12, 6) Z=2(12)—6+5 =23
C(20, 0) Z=2(20) — 0+ 5 = 45 (Maximum)
0(0,0) Z=00)—0+5=5

So, the minimum value of Z is -5.

Q.19. The corner points of the feasible region determined by a set of constraints (linear inequalities) are
P(0,5), Q(3,5),R(5,0) and S(4,1) and the objective function is Z = ax + 2by where a, b > 0. The
condition on a and b such that the maximum Z occurs at Q and S is

(a)a—5b =0 (b)a—3b=0 (c)a—2b=0 (d)a—8b=0

Sol.Option (d) is correct.

Solution: Given, Max. Z = ax + 2by

Max. value of Z on Q(3,5) = Max. value of Z on §(4,1)
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3a+10b=4a+ 2b

=
= a—8b=0

Q.20. For an L.P.P the objective function is Z = 4x + 3y, and the feasible region determined by a set of

constraints (linear inequations) is shown in the graph.

Y
A

100
b
HO\

60 T

P(0, 40) >
20 +
\0 ! Z') _% GNO 100
(40,0)

Which one of the following statements is true?
(a) Maximum value of Z is at R.

(b) Maximum value of Z is at Q.

(c) Value of Z at R is less than the value at P.
(d) Value of Z at Q is less than the value at R.
Ans. Option (b) is correct.

Solution:
Corner Points of Feasible Region | Value of z = 4x + 3y
0(0,0) Z = 4(0) +3(0) = 0
P(0,40) Z = 4(0) + 3(40) = 120
Q(30, 20) Z = 4(30) + 3(20) = 180 (Maximum)
R(40,0) Z = 4(40) + 3(0) = 160

Thus, Maximum value of Z is at Q, which is 180 .

Assertion/Reason Based Questions (Solved)

Direction: In the following question, a statement of Assertion (A) is followed by a statement of Reason

(R). Choose the correct answer out of the following choices

(a) Both A and R are true, and R is the correct explanation of A.

(b) Both A and R are true, but R is not the correct explanation of A

(c) A is true but R is false.

(d) A is false and R is true.

Q. 1. Assertion (A): If the corner points of the feasible region for a linear programming problem are

P(0,4),Q(1,4),R(4,1) and S(12, —1), then minimum value of objective function Z = 2x + 4y is at the

point R(4,1)
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Reason (R): If the corner points of the feasible region for a linear programming problem P(0,4),
Q(1,4),R(4,1) and S(12,—1), then maximum value of objective function Z = 2x + 4y is 20 .
Ans. Option (b) is correct.

Solution:

Corner Value of Z = 2x + 4y

P(0,4) Z=12(0)+4(4) = 16

Q(1,4) 7 =2(1) +4(4) = 18

Z=2(4)+4(1) =12

R(%1) — Minimum

7 =2(12) + 4(—1) = 20

$(12,-1) - Maximum

Minimum value is 12 at the point R(4,1),
Maximum value is 20 at the point R(12, —1).

Q. 2. The corner points of the feasible region determined by a set constraints (linear inequalities) are
P(1,6),Q(4,5),R(6,1) and S(5,2) and the objective function is Z = ax + 3by where a,b > 0
Assertion (A): The relation between a and b ,such that the maximum Z occur at P and Q is a = b.
Reason (R): The relation between a and b such that the maximum Z occur at P and Q is a = 3b

Ans. Option (c) is correct.
Solution: Given Max. Z = ax + 3by
Max value of Z on P(1,6) = Max. value of Z on Q(4,5)

or, a+ 18b = 4a+ 15b
3a =3b
or, a=>b

Q.3.The corner points of the bounded feasible region for an L.P.P. are (60,0), (120,0), (60,30) and
(40,20). The objective function Z = ax + by, a, b > 0 has maximum value 600 at points (120,0) and
(60,30).

Assertion (A): Minimum value of Z = 300

Reason (R): a = 5,b = 10.

Ans. Option (a) is correct.

Solution: Z = ax + by has maximum value at points (120,0) and (60,30).
So,120a + 0 =600 = a = 5.

Also, 60a + 30b = 600 = 60 X 5+ 30b = 600

= 30b=300=b=10
a=5b=10
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~ Reason is true.

Now, Z = 5x + 10y

Value of Z at (60,0) =5 X 60 + 0 = 300 —» Minimum

Value of Z at (120,0) =5 x 120+ 0 = 600

Value of Z at (60,30 ) =5 x 60 + 10 x 30 = 600

Value of Z at (40,20) =5 x40 + 10 x 20 = 400

=~ Assertion is true.

Hence, both Assertion & Reason are true and Reason is the correct explanation of Assertion.

Q.4.The corner points of the feasible region for an L.P.P. are (4,0), (5,0), (5,3),(3,5),(0,5) and (0,4).
The objective function Z = ax — by + 1900, a, b > 0 has maximum value 1950 at (5,0) and minimum
value 1550 at (0,5).

Assertion (A): The value of Z at point (5,3) = 1740

Reason (R): Maximum and minimum value occurs when a = 10,b = 70.

Ans. Option (a) is correct.
Solution: Z = ax — by + 1900 has maximum value 1950 at (5,0).

So, 5a + 1900 = 1950 =2 5a=50=a =10
and Z has minimum value 1550 at (0,5).
So,0 —5b 4+ 1900 = 1550 = —5b = =350 = b =70

~ a=10,b =70

Also, value of Z at (5,3) = 10 x 5 —70 x 3 + 1900 = 1740.
Hence, both Assertion & Reason are true and Reason is the correct explanation of Assertion

Q.5. Assertion (A): If the feasible region for an L.P.P. is bounded, then the objective function Z = ax +
by has both maximum and minimum values.

Reason (R): A feasible region of a system of linear inequalities is said to be bounded if it can be enclosed
within a circle.

Ans. Option (b) is correct.
Solution: Assertion is true by theorem.
Reason is also true but reason is not the correct explanation of Assertion.

Q.6. Corner points of feasible region are (0,0), (3,0) and (0,3) and objective function Z = 4x + 7y.

Y
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Assertion (A): Minimum value of Z is 12.
Reason (R): Maximum value of Z is 21.

Ans. Option (d) is correct.
Solution: Thus, corner points are: 0(0,0), A(3,0) and B(0,3).Max. value of Z at corner points

Zy = 4(0) + 7(0) = 0 - Min.
Zy = 4(3) + 7(0) = 12
Zg = 4(0) + 7(3) = 21 » Max.

Q.7. Assertion (A): The point (4,2) does not lie in the half plane of 4x + 6y — 24 < 0.
Reason (R): The point (1,2) lies in the half plane of 4x +6y — 24 < 0.

Ans. Option (b) is correct.

Solution: Put (4,2) in 4x + 6y — 24, we get

4(4) + 6(2) — 24 =16 + 12 — 24
=28-24
=4>0

Thus, point (4,2) does not lie in the half plane.
Put (1,2) in 4x + 6y — 24, we get

4(1)+6(2) —24=4+12—24
=16 — 24
=-8<0

Thus, point (1,2) lies in the half plane.

Q. 8. Assertion (A): Feasible region is the set of points which satisfy all of the given constraints and
objective function too.

Reason (R): The optimal value of the objective function is attained at the points on X-axis only.

Ans. Option (c) is correct.

Solution: The optimal value of the objective function is attained at the corner points of feasible region.

Q. 9. Assertion (A): Minimise Z = 20x; + 20x, subject to

x,=>0,x, =2 2,x; +2x, =2 8,3x; + 2x, = 15,5x; + 2x, = 20.
1 2 1 2 1 2 1 2

Out of the corner points of bounded feasible region ( 8,0 ), G , 175) , G, %) and (0,10), the minimum value
of Z occurs at (Z)E)_
2’4

Reason (R) :

Corner Points | Z = 20x; + 20x,

(8,0) 160

(5 15) 195

2’ 4
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79 ..
(—,—) 115 minimum
24

(0,10) 200

Ans. Option (a) is correct.

Solution: Assertion (A) and Reason (R) both are correct and Reason (R) is the correct explanation of

Assertion (A).

Q. 10. Assertion (A) : The graph of x < 2 and y > 2 is in the first and second quadrants.

Reason (R):

Ans. Option (A) is correct.
Solution: It is clear from the graph given in the Reason (R) that Assertion (A) is true.
VERY SHORT ANSWER TYPE QUESTIONS (SOLVED)

Q. 1. Solve the following Linear Programming Problem graphically:
Maximize Z = 3x + 4y

Subjecttox +y <4,x >0andy = 0.

Sol. The feasible region is a triangle with vertices B(0,0), C(4,0) and A(0,4)

A
[y
2 I
“ {
S
BIZ(0%0) C = (4, 0)
1 g=

-2

Zo=3%X0+4x0=0
Z,=3X4+4x0=12
Zp=3X0+4x4=16

Thus, maximum of Z is at B(0,4) and the maximum value is 16.

Q. 2. Two tailors, A and B earn X 300 and X 100 per day respectively. A can stitch 6 shirts and 4 pairs of
trousers while B can stitch 10 shirts and 4 pairs of trousers per day. To find how many days should each

of them work and if it is desired to produce at least 60 shirts and 32 pairs of trousers at a minimum labour
-
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cost. Formulate this as an LPP.

Sol. Let A works for x days and B for y days.
6x + 10y > 60

= Subject to 4x + 4y = 32

x=>20,y=0
Q. 3. Find the maximum value of the function z = 5x + 3y subjected to the constraints x > 3 and y > 3.
Sol. Here, value of Z at the corner point (3,3) of the feasible region is 24 .

y23

i
[x3 |- ]

=2

4 3 2 1 2 § 4 ST O
‘ 1
|
|

Since, region is unbounded, so we draw the graph of inequality 5x + 3y > 24.
Since, open half plane of 5x + 3y > 24 has common points with feasible region.

So, maximum value does not exist.
Q. 4. The feasible region for an LPP is shown in the following figure. Then, find the minimum value of

Z=11x+7y.

o7

ol

Sol. Here, the objective function is Z = 11x + 7y, and the corner points of the feasible region are
0(3,2),P(0,3) and N(0,5).

, Z=11x3+7X%2 Z=11x0+7x3
~ At0(3,2), 334144y and AtPO3), 77
AtN (0, 5), Z=11%x0+7x5=35

Hence, the minimum value of Z is 21 which occurs at point P(0,3).

Q. 5. A small firm manufacture necklaces and bracelets. The total number of necklaces and bracelets that
it can handle per day is at most 24 . It takes one hour to make a bracelet and half an hour to make a
necklace. The maximum number of hours available per day is 16. If the profit on a necklace is 100 and
that on a bracelet is T 300. Formulate an L.P.P. for finding how many of each should be produced daily to
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maximize the profit ? It is being given that at least one of each must be produced.
Sol. Let x necklaces and y bracelets are manufactured
=~ L.P.P is Maximize profit,
P = 100x + 300y
Subject to constraints
x+y<24

1
Ex+y£16orx+2y£32

x,y=>1
Q. 6. A firm has to transport at least 1200 packages daily using large vans which carry 200 packages each
and small vans which can take 80 packages each. The cost for engaging each large van is 400 and each
small van is ¥200. Not more than 3,000 is to be spent daily on the job and the number of large vans
cannot exceed the number of small vans. Formulate this problem as a LPP given that the objective is to
minimize cost.
Sol. Let number of large vans = x and number of small vans = y
Minimize cost Z = 400x + 200y

Subject to constraints
200x + 80y = 1200 or 5x + 2y = 30

X<y

400x + 200y <3000 or 2x +y < 15

x=20,y=0
Q. 7. Determine the maximum value of Z = 11x + 7y subject to the constraints: 2x + y < 6, x < 2,x =
0,y=0.
Sol. We have,

Maximise Z = 11x + 7y
Subject to the constraints,

2x+y<6
x<2
x=>0y=>0

We see that, required area is the shaded region determined by the system of constraints (i1) to (iv) is
OABC and is bounded. So, now, we shall use corner point method to determine the maximum value of Z.

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 211




Corner points Corrzsllorllclli;li \;Et)llue of
(0,0) 0
(2,0) 22
(2,2) 36
(0,6) 42 — Maximum

Hence, the maximum value of Z is 42 at (0,6).
Q. 8. Maximize Z = 3x + 4y, subject to the constraints: x +y < 1,x > 0,y = 0.
Solution. Maximise Z = 3x + 4y,

Subject to the constraints,

x+y<1,x=20,y=0

The shaded region shown in the figure as OAB is bounded and the coordinates of corner points O, A and B
are (0,0), (1,0) and (0,1), respectively.

Corner points S?;risgznfiilf value
(0,0) 0
(1,0) 3
0,1) 4 - Maximum

Hence, the maximum value of Z is 4 at (0,1).

Q.9. Maximize the function Z = 11x + 7y, subject to the constraints: x < 3,y < 2,x >0,y > 0.
Solution. Maximize Z = 11x + 7y,

Subject to the constraints, x < 3,y <2,x >0,y >0
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(0,0)|(3,0)

The shaded region as shown in the figure as OABC is bounded and the coordinates of corner points are ( 0
,0),(3,0),(3,2) and (0,2), respectively.

Corner points CorreZSP:Ofllcllicni \;e;}ue of
(0,0) 0
(3,0 33
(3,2) 47 - Maximum
0,2) 14

Hence, Z is maximum at (3,2) and its maximum value is 47.

Q.10. Minimise Z = 13x — 15y subject to the constraints: x +y < 7,2x —3y +6 > 0,x = 0,y > 0.
Sol Minimise Z = 13x — 15y
Subject to the constraints,

x+y<72x—-3y+6=>20,x=>0,y=>0

%
N
(0;7)\
B (3,4)
©0,2)C
ACO).
X< 3,0 [0,0) N
2-3pH6=0 Y i

The shaded region shown as OABC is bounded and coordinates of its corner points are (0,0), (7,0), (3,4)
and (0,2), respectively.

. Corresponding value
Corner points of Z = 13x — 15y
(0,0) 0
(7,0) o1

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 213




(3,4) -21

(0,2) —30 -» Minimum

Hence, the minimum value of Z is —30 at (0,2).

Q. 11. Determine the maximum value of Z = 3x + 4y if the feasible region (shaded) for a LPP is shown
in given figure.

7\’

\
Djis

e

Sol. Here, 2x + y = 104 and 2x + 4y = 152 intersect at = E(44,16).

As clear from the graph, corner points are 0, A, E and D with coordinates (0,0), (52,0), (144,16) and (0,
38), respectively. Also, given region is bounded.

Corner points S?;risgznfirf value
(0,0) 0
(52,0) 156
(44,16) 196 - Maximum
(0,38) 152

Hence, Z is at (44,16) is maximum and its maximum value is 196.
Q. 12. For the LPP,
Maximise Z = 2x + 3y

The coordinates of the corner points of bounded feasible region are A(3,3), B(20,3),C(20,10), D(18,12)
and E(12,12). Find the maximum value of Z.

Sol.

Comer Points Z =2x+3y

A(33) Z=15

B(20,3) Z =49
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€(20,10) Z=170

D(18,12) Z =72 - Max.

E(12,12) Z =60

Thus, maximum value of Z is 72 at D(18,12).

Q. 13. The sum of two positive integers is atmost 5. The difference between two times of second number
and first number is at most 4 . If first number is x and second number is y, then for maximizing the
product of these two numbers, formulate LPP.

Sol. The required LPP is Max.

Subject to:

Z=xXy
x+y<5
2y —x<4

x=0

y=0

Q.14. If a 20 year old girl drives her car at 25 km /h, she has to spend X 4/km on petrol. If she drives her
car at 40 km /h, the petrol cost increases to I5/km. She has X 200 to spend on petrol and wishes to find
the maximum distance she can travel within one hour. Express the above problem as a Linear
Programming Problem.

Sol. Let the distance covered with speed of 25 km/h = x km and the distance covered with speed of
40 km/h = y km

Total distance covered = z km
The L.P.P. of the above problem, therefore, is

Maximize z = x +y
Subject to constraints

4x + 5y < 200
~ 42X <1
50 40~

x .y
— 4+l <1
25 720"

x=>0,y=0

Q.15. A shopkeeper deals in two items-wall hangings and artificial plants. He has *15000 to invest and a

space to store atmost 80 pieces. A wall hanging costs him X300 and an artificial plant ¥150. He can sell a

wall hanging at a profit of 50 and an artificial plant at a profit of Y18. Assuming that he can sell all the

items that he buys, formulate a linear programming problem in order to maximize his profit.

Solution. Let x be the number of wall hangings and y be the number of artificial plants that the dealer

]
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buys and sells. Then the profit of the dealer is Z = 50x + 18y, which is the objective function.

As a wall hanging costs X300 and an artificial plant cost X150, the cost of x wall hangings and y artificial
plants is 300x + 150y. We are given that the dealer can invest atmost I15000. Hence, the investment
constraint is

300x + 150y < 15000 i.e. 2x +y < 100
As the dealer has space to store atmost 80 pieces, we have another constraint (space constraint):
x+y <80

Also the number of wall hangings and artificial plants can't be negative. Thus we have the non-negativity
constraints:

x=20y=>0
Thus the mathematical formulation of the L.P.P. is :
Maximize Z = 50x + 18y subject to the constraints
2x+y<100,x+y<80,x=>0,y=0

Q.16. A retired person wants to invest an amount of upto ¥20000. His broker recommends investing in
two types of bonds 4 and B, bond A4 yielding 8% return on the amount invested and bond B yielding 7%
return on the amount invested. After some consideration, he decides to invest atleast 5000 in bond A4 and
no more than ¥8000 in bond B. He also wants to invest atleast as much in bond A as in bond B.
Formulate as L.P.P. to maximize his return on investments.

Solution. Let the person invest Xx in bonds of type A and Xy in bonds of type B , then his earning i.e.
return (in )

Z=8%ofx+ 7% ofy=0.08x + 0.07y
As the person can invest upto X 20000 , so investment constraint is
x+y < 20000.
Other investment constraints are
x = 5000,y <£8000,x >y

Non-negativity constraints are x = 0,y = 0.
Thus, mathematically formulation of the L.P.P. is
Maximize Z = 0.08x + 0.07y subject to the constraints

x 4y < 20000, x > 5000,y < 8000,x >y,x >0,y >0

Q.17. (Manufacturing problem) A manufacturer produces nuts and bolts for industrial machinery. It takes
1 hour of work on machine A and 3 hours on machine B to produce a package of nuts, while it takes 3
hours on machine A and 1 hour on machine B to produce a package of bolts. He earns a profit of X2.50
|
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per package on nuts and X1 per package on bolts. Form a linear programming problem to maximize his
profit, if he operates each machine for atmost 12 hours

Solution. Suppose that x packages of nuts and y packages of bolts are produced. The objective of the
manufacturer is to maximize the profit Z = 2.50x + 1.y

Time required on machine A to produce x packages of nuts and y packages of boltsis 1.x + 3.y = x +
3y, while time required on machine Bis 3.x + 1.y = 3x + y.

From given data, we can formulate the L.P.P. as:

Maximize Z = 2.5x + y subject to the constraints

x+ 3y <12 (Machine A constraint)
3x + y <12 (Machine B constraint)
x>0,y >0 (Non-negativity constraints)

Q.18. A manufacturer has three machines M;, M, and M; installed in his factory. Machines M; and M, are
capable of being operated for atmost 12 hours, whereas machine M3 must be operated for atleast 5 hours a
day. The manufacturer produces only two items, each requiring the use of these three machines. The
following table gives the number of hours required on these machines for producing 1 unit of 4 or B.

Number of hours required on the machines
Item
M, M, M;
A 1 2 1
B 2 1 E
4

He makes a profit of 60 on item A and X40 on item B. He wishes to find out how many of each item he
should produce to have maximum profit. Formulate it as L.P.P.

Solution. Let the manufacturer produce x units of item A and y units of item B. As he makes a profit of
%60 on one item of A and X 40 on one item of B, his total profit (in ) is

Z = 60x + 40y

From the given data, we can mathematically formulate the L.P.P. as
Maximize Z = 60x + 40y subject to the constraints

x+ 2y <12 (Machine M; constraint)
2x +y <12 (Machine M, constraint)

5
x + P4 > 5 (Machine M3 constraint)

x = 0,y = 0 (Non-negativity constraints)

Q.19. (Diet problem) A diet is to contain atleast 80 units of vitamin A and 100 units of minerals. Two
foods F; and F, are available. Food F; costs X4 per kg and F, costs 5 per kg. One kg of food F; contains
|
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3 units of vitamin A and 4 units of minerals. One kg of food F, contains 6 units of vitamin A and 3 units
of minerals. We wish to find the minimum cost for diet that consists of mixture of these two foods and
also meets the minimum nutritional requirements. Formulate this as a linear programming problem.
Solution. Let the mixture consist of x kg of food F; and y kg of food F,.

We make the following nutritional requirement table from given data :

Food (in kg)
Resources
F; F, Requirement (in units)
Vitamin A (units/kg) | 3 6 80
Minerals (units/kg) 4 3 100
Minimum requirement of vitamin A is 80 units, therefore,
3x + 6y =80
Similarly, the minimum requirement of minerals is 100 units, therefore,
4x + 3y = 100
Also x=20,y=>0

As cost of food F; is X4 per kg, and the cost of food F, is X5 per kg, the total cost of purchasing x kg of
food F; and y kg of food F, is Z = 4x + 5y,
which is the objective function.
Hence, the mathematical formulation of the L.P.P. is :
Minimize Z = 4x + 5y subject to the constraints
3x + 6y = 80,4x + 3y = 100,x > 0,y = 0.
SHORT ANSWER TYPE QUESTIONS (SOLVED)
Q.1. Solve the following linear programming problem graphically:
Maximize and minimize Z = 60x + 15y subject to the constraints
x+y<503x+y<90,x,y=>0
Solution. We draw the lines x + y = 50,3x + y = 90 and shade the region satisfied by the given
inequalities. The shaded region in the adjoining figure shows the feasible region determined by the given
constraints. We observe that the feasible region OABC is convex polygon and bounded. So we use the
corner point method to calculate the maximum and minimum value of Z.

Y

N\ (C(0\50)

B(20, 30)

>N

(6] A\(30, 0)

3:>=90
The coordinates of the corner points O, A, B, C are (0,0), (30,0), (20,30) and (0,50) respectively. We
evaluate Z = 60x + 15y at each of these points.

x+y=50
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C . Value of objective function
orner point

Z=60x+ 15y
(0,0) 0 — Smallest
(30,0) 1800 — Largest
(20,30) 1650
(0,50) 750

Hence, the minimum value of Z is 0 at the point (0,0) and maximum value of Z is 1800 at the point
(30,0).

Q.2.. Find graphically, the maximum value of Z = 2x + 5y, subject to constraints given below:
2x+4y<83x+y<6,x+y<4x=>0,y=>0
Solution. We are required to maximise Z = 2x + 5y, subject to the constraints:

2x+4y <8ie.x+2y <4
3x+y<6x+y<4,x=>0y=0

Draw the lines x + 2y = 4 (passes through (4,0), (0,2) );

3x + y = 6 (passes through (2,0), (0,6))
x +y = 4 (passes through (4,0), (0,4))

Shade the region satisfied by the given inequalities.

P R A >
e @ ) X

YN

The shaded region in the adjoining figure gives the feasible region determined by the given inequalities.
Solving 3x + y = 6 and x + 2y = 4 simultaneously, we get

_8 . _6
x=gandy=c

We observe that the feasible region OABC is a convex polygon and bounded and has corner points
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8 6
0(0,0),A(2,0),B (§,§> and C(0,2)

The optimal Solution occurs at one of the corner points
At0(0,0),Z=2.0+5.0 =0;

at A(2,0),Z =2.2+5.0 =4,
atB(3,5),z=25+52="2;

at C(0,2),Z = 2.0+ 5.2 = 10.

Therefore, Z has maximum value at C and maximum value = 10.

Q.3. Solve the following linear programming problem graphically:
Minimise Z = 3x + 5y subject to the constraints:

x+2y=>10,x+y=>63x+y =8x,y=>0.
Solution. We are required to minimise Z = 3x + 5y, subject to the constraints:
x+2y=>210,x+y=>63x+y=>8x=>0,y=>0

Draw the lines x + 2y = 10, x + y = 6and 3x + y = 8.
Shade the region satisfied by the given inequalities.

The shaded region in the adjoining figure gives the feasible determined by the given inequalities.
Solving x + 2y = 10 and x + y = 6 simultaneously, we get

x=2andy = 4.

Solvingx +y =6and3x +y =8
simultaneously, we get x = 1,y = 5.
We observe that the feasible region is unbounded and the corner points are

A(10,0), B(2,4), C(1,5) and D(0,8)

At the corner points, the values of Z are :
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at A4(10,0),Z = 3.10 + 5.0 = 30
at B(24),Z = 3.2+ 5.4 = 26
at C(1,5),Z = 3.1+ 5.5 = 28
at D(0,8),Z = 3.0 + 5.8 = 40

The smallest value of Z is 26 at B(2,4).

As the feasible region is unbounded, we cannot say whether the minimum value exists or not.

To check whether the smallest value 26 is minimum

We draw the half plane 3x + 5y < 26 and notice that there is no common point with the feasible region.
Hence, 26 is indeed the minimum value.

Hence, the given objective function Z = 3x + 5y has minimum value 26 at B(2,4).

Q.4. Maximize and minimize Z = 5x + 10y subject to the constratints
x+2y<120,x+y=>60,x—2y=>0,x=>0,y=>0

Solution. Maximize and minimize Z = 5x + 10y subject to the constraints
x+2y<120,x+y=>60,x—2y=>0,x=>0,y=>0

Draw the lines x + 2y = 120,x + y = 60, and x — 2y = 0; shade the region satisfied by the given
inequalities.

YA

{40, 20;

—p
0 A\ B~ X
(60,0) (120,00

The feasible region is polygon ABCD, which is convex and bounded. Corner points of feasible region are
A(60,0),B(120,0),€(60,30) and D(40,20).

The values of Z = 5x + 10y at the points A, B, C and D are 300, 600, 600 and 400 respectively.
Minimum value = 300 at A(60,0), maximum value = 600 at B(120,0) and €(60,30).
In fact, all points on the line segment BC give the same maximum value = 600.

Q.5. A furniture trader deals in only two items-chairs and tables. He has ¥50000 to invest and a space to
store atmost 35 items. A chair costs him X1000 and a table costs him X2000. The trader earns a profit of
X 150 and X 250 on a chair and a table, respectively. Formulate the above problem as an L.P.P. to
maximise the profit and solve it graphically.

Solution. Let x be the number of chairs and y be the number of tables that the dealer buys and sells. The
profit on a chair is Y150 and the profit on a table is X250. So, total profit P = 150x + 250y. Hence, the
problem can be formulated as an L.P.P. as follows:

Maximise P = 150x + 250y subject to the constraints
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KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 221




x+y <35

1000x + 2000y < 50000
x+2y <50
x=0,y=0

1.€.

Draw the lines x + y = 35 and x + 2y = 50; shade the region satisfied by the given inequalities.

The shaded portion shows the feasible region which is bounded. The point of intersection of the lines x +
y = 35and x + 2y = 50 is B(20,15).

The four corner points of the feasible region OABC are 0(0,0), A(35,0), B(20,15) and C(0,25).
At (0,0),P =150 x 0+ 250 x 0 = 0.

At A(35,0),P =150 x 35 + 250 x 0 = 5250.

At B(20,15),P =150 x 20 + 250 x 15 = 6750.

At C(0,25),P =150 x 0 + 250 x 25 = 6250.

We find that P is maximum at B(20,15) and maximum value of P = 6750.

Hence, the dealer gets maximum profit of 6750 when he buys and sells 20 chairs and 15 tables.

LONG ANSWER TYPE QUESTIONS (SOLVED)

Q. 1. The linear programming problem is as follows:
Minimize: 50x + 20y

Subject to the constraint,

6x + 2y = 1200

300 <x+y <600

x>0,y>0
(a) Find the values of x and y for which the value of the objective function 50x + 20y is the least. Justify
your answer.
(b) Can the objective function have its minimum or maximum value at any of points E(0,300), F (100,
300) or ¢(100,200) and why?

Point A(300, | B(o, C(0, D(150, | G(100,
0) 600) 600) 150) 200)

Value of

objective

function at 15000 30000 12000 10500 9000

the point
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Concept: If the feasible region of a linear programming problem where Z = ax + by is an objective
function and constraints are linear inequalities in x and y is bounded, then Z has both a maximum and
minimum value in R and each of these occurs at a corner point of R.
Sol. Coverting the given inequations into equations, we get

6x + 2y = 1200

x+y =300
x+y =600
x=0andy =0

Now on drawing these lines on graph we obtain following graph:

)

300

200

100

22000 =100 0

From graph it is clear that we have corner points of the shaded feasible region are ABCD are A(300,0),

B(600,0), C(0,600) and D(150,150).

These points have been obtained by solving the equations of the corresponding intersecting lines,
simultaneously.
The values of the objective function at these points are given in the following table:

Value of the objective

Point (x,y) function z = 5x + 2y

A(300,0) 15,000

B(0,600) 30,000

C(0,600) 12,000
D(150,150) | 10,500
G(100,200) | 9,000

Clearly, Z is minimum at point D(150,150).
The minimum value of Z is 10,500 .

Here the point D(x = 150 and y = 150) is the optimal feasible Solution of the given LPP specifying the

value of the objective function is the least at D among the 4 corner points of the feasible region.
Note: Here point G is out of feasible region.
In Option (B) Constraint x + 2y > 8 does not validate the data given in question.
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In Option(C) Both Objective function and constraints are incorrect.
In Option (D) both objective function and all constraints are incorrect as these do not validate the data of
given LPP.

Q.2. A manufacturing company makes two types of teaching aids A and B of Mathematics for class X.
Each type of A requires 9 labour hours for fabricating and 1 labour hour for finishing. Each type of B
requires 12 labour hours for fabricating and 3 labour hours for finishing. For fabricating and finishing, the
maximum labour hours available per week are 180 and 30 respectively. The company makes a profit of
X80 on each piece of type A and X120 on each piece of type B. How many pieces of type A and type B
should be manufactured per week to get a maximum profit? Make it as an LPP and solve graphically.
What is the maximum profit per week?

Solution. Let x and y be the number of teaching aids of type A and type B respectively.

As the profit on the type A of teaching aid is ¥ 80 and on the type B is X 120,

so,the total profit Z = 80x + 120y.

Hence, the problem can be formulated as an L.P.P. as follows:

Maximise Z = 80x + 120y

9x + 12y < 1801i.e. 3x + 4y < 60
x+3y <30

x=0,y=0

Subject to the Consraints ;

We draw straight lines 3x + 4y = 60, x + 3y = 30 and shade the region satisfied by the above
inequalities.

YA

(©, 15)

The shaded region shows the feasible region which is bounded. The point of intersection of the lines 3x +
4y = 60 and x + 3y = 30is B(12,6)

The corner points of the feasible region OABC are 0(0,0), A(20,0),B(12,6) and C(0,10). The optimal

Solution occurs at one of the corner points.

At0(0,0),Z=80x0+120x0=0

At A(20,0),Z =80 x 20+ 120 x 0 = 1600

AtB(12,6),Z=80x 12+ 120 x 6 = 1680

]
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At (C(0,10),Z =80 x 0 + 120 x 10 = 1200.
We find that value of Z is maximum at B(12,6).

Hence, the manufacturer should produce 12 aids of type A and 6 aids of type B to get a maximum profit
of X 1680 .

Q.3. A manufacturer has employed 5 skilled men and 10 semi-skilled men and makes two models A and
B of an article. The making of one item of model A requires 2 hours work by a skilled man and 2 hours
work by a semi-skilled man. One item of model B requires 1 hour by a skilled man and 3 hours by a semi-
skilled man. No man is expected to work more than 8 hours per day. The manufacturer's profit on item of
model A is X15 and on an item of model B is ¥10. How many items of each model should be made per
day in order to maximize daily profit? Formulate the above LPP and solve it graphically and find the
maximum profit.

Solution. Since each man skilled or semi-skilled works for at most 8 hours per day and 5 skilled men and
10 semi-skilled men are employed, so the maximum number of skilled working hours available =

5 X 8 = 40 and maximum number of semi-skilled working hours available = 10 X 8 = 80. If x items of
model A and y items of model B are made, then the LPP is maximise Z = 15x + 10y subject to
constraints

2x+y<402x+3y<80,x=0,y=>0

We draw the straight lines 2x + y = 40 and 2x + 3y = 80 and shade the region satisfied by the above
inequalities.

O (20,00 A\ (30,00~  x

The shaded region shows the feasible region which is bounded. The point of intersection of the lines 2x +
y = 40 and 2x + 3y = 80 is B(10,20).

The corner points of the feasible OABC are 0(0,0),A(20,0), B(10,20) and C (O, 83—0). The optimal

Solution occurs at one of the corner points.
At0(0,0),Z=15x0+10x0=0;
at A(20,0),Z =15x%x 20+ 10 x 0 = 300;

at B(10,20)Z = 15 x 10 + 10 x 20 = 350;

atC(O,BB—O),Zz15x0+10x?:83ﬂ:266§.
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We find that the value of Z is maximum at B(10,20).
Hence, the manufacturer should produce 10 items of model A and 20 items of model B to get maximum
profit of X350.

Q.4. A company manufactures two types of cardigans: type A and type B. It costs ¥360 to make a type A
cardigan and X120 to make a type B cardigon. The company can make atmost 300 cardigons and spend
atmost X 72000 a day. The number of cardigons of type B cannot exceed the number of cardigans of type
A by more than 200. The company makes a profit of ¥ 100 for each cardigan of type A and 250 for every
cardigan of type B. Formulate this problem as a linear programming problem to maximise the profit of the
company. Solve it graphically and find maximum profit.

Solution. Let x cardigons of type A and y cardigons of type B be manufactured per day by the company,
then profit P (in X) = 100x + 50y.

Hence, the problem can be formulated as an L.P.P. as follows:

Maximize P = 100x + 50y

360x + 120y < 72000 i.e. 3x +y < 600
subject to the constraints x +y < 300

y <x+200

x=>20y=>0

Draw the lines 3x + y = 600,x + y = 300 and y = x + 200 and shade the region satisfied by the above
inequalities.

The shaded portion OABCD shows the feasible region, which is bounded.

The corner points of the feasible region are 0(0,0), A(200,0), B(150,150), €C(50,250) and D(0,200).
The values of P at the corner points are :

at 0(0,0),P =100x0+50x%x0=0;

at A(200,0),P =100 x 200 + 50 x 0 = 20000;

at B(150,150),P = 100 x 150 + 50 x 150 = 22500;

at C(50,250),P = 100 x 50 + 50 x 250 = 17500;

at D(0,200),P = 100 x 0 + 50 x 200 = 10000.

We note that the value of P is maximum at the point B .
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Hence, maximum profit = 322500 by manufacturing 150 cardigons of type A and 150 cardigons of type
B.

Q.5.. A manufacturer makes two products, A and B. Product A sells at 200 each and takes % hour to

make. Product B sells at 300 each and takes 1 hour to make. There is a permanent order for 14 units of
product A and 16 units of product B. A working week consists of 40 hours of production and the weekly
turnover must not be less than X10000. If the profit on each of product A is 20 and on product B is 230,
then how many of each should be produced so that the profit is maximum? Also find the maximum profit.
Solution. Let x and y be the number of units of products A and B respectively manufactured (and sold),
then total profit P = 20x + 30y (in ).

Hence, the problem can be formulated as an L.P.P. as follows:

Maximize P = 20x + 30y
200x + 300y = 10000 i.e. 2x + 3y = 100

%x+1.y§40i.e.x+2y£80
x=>14,y>16,x=>0,y >0

subject to the constraints

We draw the straight lines 2x + 3y = 100, x + 2y = 80,x = 14 and y = 16 and shade the region
satisfied by the above inequalities.

YA

x=14

0, 40}
© )

C
|/[:| EQJ\Q **
L7 3Y)

D “d&p y=16

\\_\

o (50, 0) {80, 0

The shaded portion shows the feasible region ABCD, which is bounded. The corner points of the feasible
region ABCD are A(26,16),B(48,16), C(14,33) and D(14,24).

The optimal Solution occurs at one of the corner points.

AtA,P=20x26+30x 16 =1000.

AtB,P =20 x 48 + 30 x 16 = 1440.

AtC,P=20x14+ 30 x 33 =1270.

AtD,P =20 x 14 + 30 x 24 = 1000.

Hence, the manufacturer should produce 48 units of product A and 16 units of product B. Maximum
profit is X 1440 .

Q.6. A manufacturer has three machines I, II and III installed in his factory. Machines I and II are capable
of being operated for atmost 12 hours whereas machine III must be operated at least 5 hours a day. He
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produces only two items M and N each requiring the use of all the three machines. The number of hours
required for producing 1 unit of each of M and N on the three machines are given in the following table:

Number of hours required on machines
Items
1 11 11
M 1 2 1
N 2 1 1.25

He makes a profit of X600 and X400 on each item of M and N respectively. How many units of each item
should he produce so as to maximize his profit assuming that he can sell all the items that he produced?
What will be the maximum profit?

Solution. Let x units of item M and y units of item N are produced by the manufacturer, then the problem
can be formulated as an L.P.P. as follows:

Maximize the profit (in ) Z = 600x + 400y subject to the constraints

x+2y <12 (machine I constraint)

2x+y <12 (machine II constraint)

1x +1.25y =5 (machine III constraint)

re. 4x+ 5y = 20,

x=20,y=0 (non-negativity constraints)
Draw the lines x + 2y = 12,2x + y = 12 and 4x + 5y = 20, and shade the region satisfied by the above
inequalities.

2 N
B 2o
i NG
) A B0 127

(5.0)

The feasible region is the polygon ABCDE , which is convex and bounded.

The corner points are A(5,0), B(6,0),C(4,4), D(0,6) and E(0,4).

The values of Z at the corner points are :

at A(5,0),Z = 600 x 5+ 400 x 0 = 3000;

at B(6,0),Z = 600 x 6 + 400 x 0 = 3600;

at C(4,4),Z = 600 x 4 4+ 400 X 4 = 4000;

at D(0,6),Z = 600 x 0 + 400 x 6 = 2400;

at E(0,4),Z = 600 x 0 + 400 x 4 = 1600.

~ Maximum profit = 4000, when 4 items of M and 4 items of N are produced.
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CASE-STUDY BASED QUESTIONS (SOLVED)

Q.1.Read the following text and answer the following questions on the basis of the same:

A company produces soft drinks that has a contract which requires that a minimum of 80 units of the
chemical A and 60 units of the chemical B to go into each bottle of the drink. The chemicals are available
in a prepared mix from two different suppliers. Supplier S has a mix of 4 units of A and 2 units of B that
costs X10, the supplier T has a mix of 1 unit of 4 and 1 unit of B that costs X 4. Suppose x units of mix are
purchased from supplier S and y units are purchased from supplier T.

On the basis of this information, answer the following questions.

(1) What is the total cost of purchase form both the Suppliers, represent this in equation form?

Sol. Suppose x units of mix are purchased from supplier S and y units are purchased from supplier T.
Total cost Z = 10x + 4y.

(i1) Write the minimum requirement of chemical 4 in equation form?

Sol. The minimum requirement of chemical A per bottle is given by: 4x + y = 80.

(ii1) Write the minimum requirement of chemical B in equation form?

OR

How many mixes from S and T should the company purchase to honour contract requirement and yet
minimize cost?

Sol. The minimum requirement of chemical B per bottle is given by : 2x + y > 80.

OR

The given data may be put in the following tabular form:

Minimum
Requirement

Supplier/ S T

Chemical A 4 1 80

Chemical B 2 1 60

Cost per unit | 10 | %4
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4x +y > 80
2x +y > 60 x| 0 |25 x |30 0
Lji%};igo y |50 o y | o |60
Ly:2x +y =60
A
O\TC(O,BO)
I, : 2xty= \% B
60
.l
404 \ B(10,40)
al
304
Wy A(30,0)
10 20\30\\@ 50 60

ll : 4X+y=8

Vertices of feasible region are A(30,0), B(10,40) and C(0,80).

Point (x,y)

Value of objective function
Z =10x + 4y

A(30,0)

Z=10%x30+4x0=300

P(10,40)

Z=10x10+40x4 = 260

€(0,80)

Z=10x0+4x80=320Z

Clearly, Z is minimum at (10,40). The feasible region is unbounded and the open half plane represented
by 10x + 4y < 260 does not have points in common with the feasible region. So, Z is minimum at x =
10,y = 40. Hence, x = 10,y = 40 is the optimal Solution of the given LPP. Hence, the cost per bottle is
minimum when the company purchases 10 mixes from supplier 5 and 40 mixes from supplier T.

Q.2. Read the following text and answer the following questions on the basis of the same:

Ramesh rides her bike at 25 km/h. She has to spend 2 per km on diesel and if he rides it at faster speed
of 40 km /h, the diesel cost increases to X 5 per km. He has X 100 to spend on diesel. Let he travels x km
with speed 25 km/h and y km with speed 40 km/h. It is given that objective function is Max. Z = x +

y.
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(1) Write the objective function for given LPP.

Sol. Objective function for given LPP is: Max Z = x + y
(i1) Write the set of constraints for given LPP.

Sol. Subject to constraints:

2x + 5y <100
al +y <1
25 40—
x,y=0

(ii1) Draw the graph for feasible region. OR
Write the corner points of feasible region and find maximum value of objective function.

Feasible region

10+ "
P —>X
0| 10 20 0405'(\
2x + 5y = 100
T S
25 T30 =1

Intersection point of 2x + 5y = 100 and 2x_5 + % <1isE.

. . . 50 40
On solving the equations, we get the coordinates of E are (?, 4?)
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So corner points of LPP are: 0(0,0), B(0,20), C(25,0), (

OR

3’3

50 40

Corner points | valueofx =x+y
(0,0) 0
(0,20) 20
(25,0) 25
50 40
(?,?) 30 » Maximum

Q.3.A manufacturer produces two Models of bikes Model X and Model Y. Model X takes 6 manhours to
make per unit, while Model Y takes 10 man-hours per unit. There is a total of 450 man-hours available
per week. Handling and Marketing costs are 2,000 and 1,000 per unit for Models X and Y respectively.
The total funds available for these purposes are ¥80,000 per week. Profits per unit for Models X and Y

are 31,000 andX500, respectively.

The feasible region of LPP is shown in the following graph.

(1) Write the equation of line AB.

Solution: From the given graph OA = 75 and OB = 45.

The equation of line AB is % + %
i.e.,.3x + 5y = 225

(i1) Write the equation of line CD.

=1

Solution: From the given graph OC = 40 and OD = 80.

The equation of line CD is =4+
40 80
ie., 2x +y =80

=1
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(111) Write the coordinates of point E.

Solution. On solving the equations of lines AB and CD, we get the coordinates of point E i.e., (25,30).
(iv) Write the constraints for L.P.P.

Solution: Let the manufacturer produces x number of model X and y number of model Y bikes. Model X
takes 6 man-hours to make per unit and model Y takes 10 man-hours to make per unit.

There is total of 450 man-hours available per week.

6x + 10y < 450
= 3x + 5y < 225

For models X and Y, handling and marketing costs are 2,000 and 1,000, respectively, total funds
available for these purposes are X 80,000 per week.

. 2,000x + 1,000y < 80,000
= 2x+y <80
Also, x =20y=>0

(v)How many bikes of model X and model Y should the manufacturer produce so as to yield a maximum
profit?
Solution:The objective function for given L.P.P. is

Z =1000x + 500y

From the shaded feasible region, it is clear that coordinates of corner points are ( 0,0 ), ( 40,0 ), (25,30)
and (0,45).

Corner points | Value of Z = 1000x + 500y

(0,0) 0
(40,0) 40,000 « Maximum
(2530) 25,000 + 15,000 = 40,000

« Maximum

(0,45) 22,500

So, the manufacturer should produce 25 bikes of model X and 30 bikes of model Y to get a maximum
profit of X 40,000.

HOTS QUESTIONS (SOLVED)

Q.1. A diet is to contain atleast 80 units of vitamin A and 100 units of minerals. Two foods F; and F, are
available. Food F; costs ¥4 per unit and F, cost X6 per unit. One unit of food F; contains 3 units of
vitamin A and 4 units of minerals. One unit of F, contains 6 units of vitamin A and 3 units of minerals.
Formulate this a linear programming problem and find graphically the minimum cost for diet that consists
of mixture of these two foods and also meets the minimal nutritional requirements.

Solution. Let x units of food F; and y units of food F, be mixed and Z (in ) be the total cost of the food,
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then the poblem can be formulated as an L.P.P. as follows:

Minimize
Z=4x+ 6y subject to constraints
3x + 6y =80 (vitamin A constraint)
4x + 3y =100 (minerals constraint)
x=0,y=0 (non-negativity constraints)

Draw the lines 3x + 6y = 80 and 4x + 3y = 100, and shade the region satisfied by the above
inequalities.

The feasible region (unbounded, convex) is shown shaded.
. 80 4 100

The corner points are A (?, 0), B (24, }) and C (O, T)
AtA(2,0),z2=2 =106,

3 3 3
atB(24,5),2= 96 + 6 x5 =96+ 8 = 104;

3 3
100

at C (0,7),2 = 200.

Among the values of Z, the least value is 104.
We draw the line 4x + 6y = 104 (shown dotted in the given figure) and note that the half plane 4x +
6y < 104 has no common point with the feasible region, therefore, Z has minimum value. Minimum

value of Z is 104 and it occurs at the point B (24, g)

Hence, the minimum cost of the diet is 104 when we mix 24 units of food F; and % units of food F,.

Q.2. There are two types of fertilisers' A 'and ' B '." A ' consists of 12% nitrogen and 5% phosphoric
acid whereas ' B ' consists of 4% nitrogen and 5% phosphoric acid. After testing the soil conditions,
farmer finds that he needs atleast 12 kg of nitrogen and 12 kg of phosphoric acid for his crops. If ' A"’
costs X10 per kg and ' B ' costs X 8 per kg, then graphically determine how much of each type of fertiliser
should be used so that nutrient requirements are met at a minimum cost.

Solution. Let x kg of fertiliser A and y kg of fertiliser B be used and Z (in ) be the total cost of the two
fertilisers, then Z = 10x + 8y. The problem can be formulated as an L.P.P. as follows:

Minimise Z = 10x + 8y

subject to the constraints
|
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12 4
—_— —_—y > i >
100x+100y_ 12 1.e.3x +y = 300

5

— x4+ —y>
100" T 1007 =
x=20,y=>0

121e.x+y = 240

Draw the lines 3x + y = 300, x + y = 240 and shade the region satisfied by the above inequalities.

YA

b
Y
\
~

0

The feasible region (unbounded, convex) is shown shaded. The corner points are A(240,0), B(30,210)
and €(0,300).

The values of Z at the corner points are :

at A(240,0),Z = 10 x 240 + 0 = 2400;

at B(30,210),Z = 10 x 30 + 8 x 210 = 1980;

at €(0,300),Z =8 x 300 + 0 = 2400.

Among values of Z, the least value is 1980 .

We draw the line 10x + 8y = 1980 (shown dotted in the given figure) and note that the half plane 10x +
8y < 1980 has no common points with the feasible region, therefore, Z has minimum value.

Minimum value of Z is 1980 and it occurs at the point B(30,210).
Hence, the minimum cost of the fertiliser is Y1980 when he uses 30 kg of fertiliser A and 210 kg of
fertiliser B.

Q.3. A dietician wishes to mix two kinds of food X and Y in such a way that the mixture conlains atleast
10 units of vitamin 4, 12 unils of vitamin B and 8 units of vitamin C. The vitamin contents of one ky food
is given below:

Food | Vitamin A | Vitamin B | Vitamin C

X 1 unit 2 units 3 units

Y 2 units 2 units 1 unit

One kg of food X costs k24 and one kg of food Y costs X36. Using linear programming, find the least cost
of the total mixture which will contain the required vitamins.

Solution. Let x kg of food X and y kg of food Y be mixed and Z (in ) be the total cost of the (mixture)
food, then the problem can be formulated as an L.P.P. as follows:
]
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Minimise Z = 24x + 36y
x+2y =10
subject to the constraints 2x+2y=>212ie.x+y =6
3x+y =8
x=20,y=0

The feasible region (unbounded, convex) is shown shaded in the figure given below.

>
X

The corner points are A(10,0), B(2,4),C(1,5) and D(0,8).

The values of Z (in X) = 24x + 36y at the corner points are:

at A(10,0),Z = 24 x 10 + 36 X 0 = 240;

atB(2,4),Z=24%x2+36%x4=192;atC(1,4),Z=24%x1+36x%x5=204;atD(0,8),Z=24x0+

36 X 8 = 288; Among these values of Z , the minimum value is 192.

We draw the line 24x + 36y = 192 i.e. 2x + 3y = 16 (shown dotted) and note that the half plane 2x +

3y < 16 has no common point with the feasible region, therefore, Z has minimum value.

The minimum value of Z is Y192 and it occurs at the point B(2,4).

Hence, the least cost of the mixture is 192 when the dietician mixes 2 kg of food X and 4 kg of food Y.
MULTIPLE CHOICE QUESTIONS (UNSOLVED)

Q. 1. Which of the following is a vertex of the feasible region bounded by the inequalities, 2x +
3y <6and5x + 3y <15
(a) (0,2) (b) (0,0) (c) (3,0) (d) All of these

Q. 2. For the constraint of a linear optimizing function z = x; + x, given by x; + x, < 1,3x; + x, > 3
and x; x, =0

(a) There are two feasible regions (b) There are infinite feasible regions

(c) There is no feasible region (d) None of these

Q.3.Z=7x+y,subjectto5x +y = 5x+y = 3,x >0,y = 0. The minimum value of Z occurs at
15
(@) (3,0) ®) (5.5) (c) (7,0) (d) (0,5)
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Q.4.Z = 20x; + 20x,, subject to x; = 0,x, = 0,x; + 2x, = 8, 3x; + 2x, = 15,5x; + 2x, = 20. The
minimum value of Z occurs at

@60  ®(ET) © (Z.2) (d) (0,10)

Q. 5. Let x and y be optimal Solution of an LPP, then

(a) Z =Ax+ (1 — )y, A € R is also an optimal Solution.
(b)Z =Ax+ (1 —2)y,0 < A <1 gives an optimal Solution.
(©)Z=Ax+ (1+ A1)y, 0 <A <1 gives an optimal Solution.
(d) Z =Ax + (1 + A)y, A € R gives an optimal Solution.

Q. 6. How many of the following points satisfy the in equality 2x — 3y > =57
(1,1),(-1,1),(1,-1),(—-1,-1),(—2,1),(2,—-1),(—1,2),and (-2, —-1).

(a)3 )5 (c)6 (d)4

Q. 7. The position of points 0(0,0) and P(2, —2) in the region of graph of inequation 2x — 3y < 5 will

be

(a) O and P both inside (b) O and P both outside

(c) O inside and P outside (d) O outside and P inside

Q. 8. If the number of available constraints is 3 and the number of parameters to be optimized is 4 , then

(a) The objective function can be optimized (b) The constraints are short in number

(c) The Solution is problem oriented (d) None of these

Q. 9. The necessary condition for third quadrant region in XY plane is:
(a)x>0,y<0 b)x<0,y<0 (0)x<0,y>0 (dx<0,y=0
Q.10.For the following feasible region, the linear constraints are:

Y
4
\
N
oL L »X
Sxb2y=12 x+3y=11
@x=20,y=203x+2y>12,x+3y =211
b)x=20y=203x+2y<12,x+3y =211
©)x=20,y=203x+2y<12,x+3y <11
(d) None of these
Q.11. In which quadrant, the bounded region for inequations x + y < 1 and x — y < 1 is situated
(a) L 1II (b) I, 1II (o) IL, IIT (d) All the four quadrants
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ASSERTION-REASON TYPE QUESTIONS (UNSOLVED)

Q.1.The corner points of the bounded feasible region for an L.P.P. are (26,16), (48,16), (14,33) and
(14,24). The objective function Z = px + qy, p,q > 0 has minimum value 1000 at points (26,16) and
(14,24).

Assertion : Maximum value of Z = 1440

Reason : p = 20,q = 30.

Q.2.The corner points of the feasible region for an L.P.P. are (0,0), (6,0), (4,3) and (0,8). The objective
function Z = ax + by, a, b > 0 has maximum value 360 at points (6,0) and (4,3).

Assertion :The value of Z at (0,8) = 320

Reason : a = 60,b = 40.

Q3.Assertion (A): Maximum value of Z = 3x + 2y, subject to the constraints x + 2y < 2;x > 0;y =0
will be obtained at point (2,0).
Reason (R): In a bounded feasible region, it always exist a maximum and minimum value.

Q4.Assertion (A): The linear programming problem, maximise Z = x + 2y subject to the constraints x —

vy <10,2x + 3y <20 and x = 0,y > 0. It gives the maximum value of Z as 43—0.

Reason (R): To obtain the optimal value of Z, we need to compare value of Z at all the corner points of
the shaded region.

Q5. Assertion (A): Consider the linear programming problem.
Maximise Z = 4x + y
Subject to constraints

x+y<50,x+y=>100and x,y = 0

Then, maximum value of Z is 50 .
Reason (R): If the shaded region is not bounded then maximum value cannot be determined.

Q6.Assertion (A): The constraints —x; + x, < 1, —x; + 3x, = 9 and x4, x, = 0 defines an unbounded
feasible space.

Reason (R): The maximum value of Z = 4x + 2y subject to the constraints 2x + 3y < 18,x +y > 10
andx,y=>0is5.

Q7. Assertion (A): For an objective function Z=15x+20y, corner points are (0, 0), (10, 0), (0,15) and
(5,5). Then optimal values are 300 and O respectively.

Reason (R): The maximum or minimum value of an objective function is known as optimal value of LPP.
These values are obtained at corner points.

Q8. The linear inequalities are:

________________________________________________________________________________________________|
KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 238




5x +y <100

x+y<60
x>0
y=0

o
!
e
a0
2 |
S
|

hacn o ™
| —r

O 10 2% 20 40 50 60

L 1 iy

v Sarys100  K4ySED

B ]

Where x and y are numbers of tables and chairs on which a furniture dealer wants to make his profit.

Assertion (A): The region OABCO is the feasible region for the problem.
Reason (R): The common region determined by all the constraints including nonnegative constraints
X,y = 0 of a linear programming problem.

VERY SHORT ANSWER TYPE QUESTIONS (UNSOLVED)

1. Two tailors, A and B, earn X300 and X400 per day respectively. A can stitch 6 shirts and 4 pairs
of trousers while B can stitch 10 shirts and 4 pairs of trousers per day. To find how many days
should each of them work and if it is desired to produce atleast 60 shirts and 32 pairs of trousers at
a minimum labour cost, formulate this as an LPP.

2. A small firm manufactures necklaces and bracelets. The total number of necklaces and bracelets
that it can handle per day is atmost 24 . It takes one hour to make a bracelet and half an hour to
make a necklace. The maximum number of hours available per day is 16. If the profit on a
necklace is ¥ 100 and that on a bracelet is 300, formulate an L.P.P. for finding how many of each
should be produced daily to maximize the profit? It being given that atleast one of each must be
produced.

3. A furniture dealer deals in only two items-tables and chairs. He has 20000 to invest and a space
to store atmost 80 pieces. A table costs him X 800 and a chair costs him 3200. He can sell a table
for 950 and a chair for ¥ 280. Assume that he can sell all the items that he buys. Formulate this
problem as an L.P.P. so that he can maximize his profit.

4. A book publisher sells a hard cover edition of a book for X72 and a paperback edition for ¥40. In
addition to a fixed weekly cost of Y9600, the cost of printing hard cover and paperback editions
are 356 and 28 per book respectively. Each edition requires 5 minutes on the printing machine
whereas hardcover binding takes 10 minutes and paperback takes 2 minutes on the binding
machine. The printing machine and the binding machine are available for 80 hours each week.
Formulate the linear programming problem to maximize the publisher's profit.

5. The corner points of the feasible region determined by the following systems of linear inequalities:
2x+y <10,x+3y <15,x =0,y = 0 are (0,0), (5,0), (3,4) and (0,5).
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Let Z = px + qy, when p, g > 0, then find the relation between p and q so that the maximum of
Z occurs at both points (3,4) and (0,5).

6. Maximise Z = 3x + 4y (if possible) subject to constraints x —y < —1,—x+y < 0,x,y = 0.

SHORT ANSWER TYPE QUESTIONS (UNSOLVED)

Solve the following (1 to 8) linear programming problems graphically:

1. Minimize Z = —3x + 4y subject to the constraints

x+2y<83x+2y<12,x=>0,y =0

2. Minimize Z = 3x + 5y subject to the constraints

x+3y=23,x+y=>2,x=20,y=0.

3. Maximize Z = 4x + y, subject to the constraints

x+y<503x+y<90,x=>0,y=0

4. Minimize Z = 200x + 500y, subject to the constraints
x+2y=>103x+4y <24,x=>0,y=0

5. Minimize Z = x + 2y subject to the constraints 2x +y >3, x+ 2y =>6,x >0,y >0

Show that the minimum value of Z occurs at more than two points.
6. Minimize and maximize Z = 3x + 9y subject to the constraints

x+y=>10,x+3y<60,x<y,x=>0,y =0

7. Minimize Z = 3x + 2y subject to the constraints

x+y=>83x+5y<15x=>0,y=>0

8. Minimize and maximize Z = x + 2y subject to the constraints

x+2y>1002x -y <02x+y <200,x >0,y =0

9. A manufacturer considers that men and women workers are equally efficient and so he pays them
at the same rate. He has 30 and 17 units of workers (male and female) and capital respectively,
which he uses to produce two types of goods A and B . To produce one unit of A , 2 workers and 3
units of capital are required while 3 workers and 1 unit of capital is required to produce one unit of
B. If A and B are priced at Y100 and X120 per unit respectively, how should he use his resources
to maximise the total revenue? Form the above as an L.P.P. and solve graphically.

10. A manufacturer produces nuts and bolts. It takes 1 hour of work on machine A and 3 hours on
machine B to produce a package of nuts. It takes 3 hours on machine A and 1 hour on machine B
to produce a package of bolts. He earns a profit of X17.50 per package on nuts and 7 per package
on bolts. How many packages of each should be produced each day, so as to maximize his profit,
if he operates his machines for atmost 12 hours a day.
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LONG ANSWER TYPE QUESTIONS (UNSOLVED)

1. A company produces two types of goods, A and B, that require gold and silver. Each unit of type
A requires 3 g of silver and 1 g of gold while that of B requires 1 g of silver and 2 g of gold. The
company can use atmost 9 g of silver and 8 g of gold. If each unit of type A brings a profit of X 40
and that of type B X 50, find the number of units of each type that the company should produce to
maximize the profit. Formulate and solve graphically the LPP and find the maximum profit.

2. A factory manufactures two types of screws, A and B, each type requiring the use of two
machines-an automatic and a hand-operated. It takes 4 minutes on the automatic and 6 minutes on
the hand-operated machine to manufacture a package of screws 'A', while it takes 6 minutes on the
automatic and 3 minutes on the hand-operated machine to manufacture a package of screws 'B'.
Each machine is available for atmost 4 hours on any day. The manufacturer can sell a package of
screws 'A' at a profit of X7 and of screws 'B' at a profit of T10. Assuming that he can sell all the
screws he can manufacture, how many packages of each type should the factory owner produce in
a day in order to maximize his profit? Determine the maximum profit.

3. A dealer in rural area wishes to purchase a number of sewing machines. He has only X57600 to
invest and has space for atmost 20 items. An electronic sewing machine costs him ¥3600 and a
manually operated sewing machine X 2400 . He can sell an electronic sewing machine at a profit
of X220 and a manually operated sewing machine at a profit of ¥180. Assuming that he can sell
all the items that he can buy, how should he invest his money in order to maximize his profit.
Make it as an L.P.P. and solve it graphically.

4. A company manufactures two types of novelty souvenirs made of plywood. Souvenirs of type A
require 5 minutes each for cutting and 10 minutes each for assembling. Souvenirs of type B
require 8 minutes each for cutting and 8 minutes each for assembling. There are 3 hours 20
minutes available for cutting and 4 hours available for assembling. The profit is ¥50 each for type
A and %60 each for type B souvenirs. How many souvenirs of each type should the company
manufacture in order to maximize the profit?

5. A manufacturer produces two products A and B. Both the products are processed on two different
machines. The available capacity of first machine is 12 hours and that of second machine is 9
hours per day. Each unit of product A requires 3 hours on both machines and each unit of product
B requires 2 hours on first machine and 1 hour on second machine. Each unit of product A is sold
at X7 profit and that of B at a profit of 4. Find the production level per day for maximum profit
graphically.

6. A cottage industry manufactures pedastal lamps and wooden shades. Both products require
machine time as well as craftsman time in making. The number of hour(s) for producing 1 unit of
each and corresponding profit is given in the following table:

Item Machine time | Craftsman time | Profit (in %)
Pedastal lamp 1.5 hours 3 hours 30
Wooden shade 3 hours 1 hour 20

In a day, the factory has availability of not more than 42 hours of machine time and 24
hours of craftsman time. Assuming that all items manufactured are sold, how should the
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manufacturer schedule his daily production in order to maximise the profit? Formulate it as
an L.P.P. and solve graphically.

7. An aeroplane can carry a maximum of 200 passengers. Baggage allowed for a first class ticket is
30 kg and for an economy class ticket is 20 kg . Maximum capacity for the baggage is 4500 kg .
The profit on each first class ticket is ¥ 500 and on each economy class ticket is ¥ 300 . Determine
how many tickets of each type must be sold to maximize the profit of the airline. Also find the
maximum profit.

8. A carpenter has 90,80 and 50 running feet respectively of teak wood, plywood and rosewood
which is used to produce product A and product B. Each unit of product A requires 2, 1 and 1
running feet and each unit of product B requires 1,2 and 1 running feet of teak wood, plywood and
rosewood respectively. If product A is sold for 48 per unit and product B is sold for ¥ 40 per
unit, how many units of product A and product B should be produced and sold by the carpenter, in
order to obtain the maximum revenue. Formulate the above as a linear programming problem and
solve it, indicating clearly the feasible region in the graph.

9. A diet is to contain atleast 80 units of Vitamin A and 100 units of minerals. Two foods F; and F,
are available costing X5 per unit and X6 per unit respectively. One unit of food F; contains 4 units
of vitamin A and 3 units of minerals whereas one unit of food F, contains 3 units of vitamin A and
6 units of minerals. Formulate this as a linear programming problem. Find the minimum cost of
diet that consists of mixture of these two foods and also meets minimum nutritional requirement.

10. A dietician wishes to mix two types of food in such a way that the vitamin contents of the mixture
contain atleast 8 units of vitamin A, and 10 units of vitamin C. Food I contains 2 units /kg of
vitamin A and 1 unit /kg of vitamin C . Food II contains 1 unit /kg of vitamin A and 2 units/kg of

vitamin C. It costs ¥50 per kg to purchase food I and X70 per kg to purchase food II. Determine
the minimum cost of such a mixture.

CASE- STUDY BASED QUESTIONS UNSOLVED

Q.1.A cottage industry manufactures pedestal lamps and wooden shades, each requiring the use
of a grinding/cutting machine and a sprayer. It takes 2 hours on grinding/cutting machine and 3
hours on the sprayer to manufacture a pedestal lamp. It takes 1 hour on the grinding/ cutting
machine and 2 hours on the sprayer to manufacture a shade. On any day, the sprayer is available
for at the most 20 hours and the grinding/cutting machine for at the most 12 hours. The profit

e W
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If x is the number of lamps and y is the number of shades manufactured. Assuming that the
manufacturer can sell all the lamps and shades that he produces.

(1) In order to maximize the profit, write the objective function is correct:

(i1)Write the constraints are related to the given LPP.

(ii1) Write the non-negative constraints associative to the given LPP.

(iv)Find the maximum profit.

Q.2.An aeroplane can carry a maximum of 200 passengers. A profit of T 1000 is made on each
executive class ticket and a profit of X600 is made on each economy class ticket. The airline
reserves at least 20 seats for the executive class. However, at least 4 times as many passengers
prefer to travel by economy class, than by executive class. It is given that the number of
executive class tickets is x and that of economy class tickets is y.

(1)Write the maximum value of x + y.
(11)Write the relation between x and y.
(ii1) Find the constraints for this LPP
(iv)Find the maximum profit.

HOTS QUESTIONS UNSOLVED

1. Reshma wishes to mix two types of foods P and Q in such a way that the vitamin contents of the
mixture contains atleast 8 units of vitamin A and 11 units of vitamin B. Food P costs X60/kg and
food Q costs ¥80/kg. Food P contains 3 units /kg of vitamin A and 5 units /kg of vitamin B
while food Q contains 4 units /kg of vitamin A and 2 units/kg of vitamin B. Determine the
minimum cost of the mixture.

2. A farmer has a supply of chemical fertiliser of type A which contains 10% nitrogen and 6%
phosphoric acid and of type B which contains 5% nitrogen and 10% phosphoric acid. After soil
test, it is found that atleast 7 kg of nitrogen and same quantity of phosphoric acid is required for a
good crop. The fertiliser of type A costs I5 per kg and the type B cost I8 per kg. Using linear
programming, find how many kilograms of each type of the fertiliser should be bought to meet the
requirement and for the cost to be minimum. Find the feasible region in the graph.
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3. David wants to invest atmost 12000 in Bonds A and B. According to the rule, he has to invest
atleast 32000 in Bond A and atleast 4000 in Bond B. If the rates of interest on Bonds A and B
respectively are 8% and 10% per annum, formulate the problem as L.P.P. and solve it graphically
for maximum interest. Also determine the maximum interest received in a year.

Assuming that the transportation cost per km is X1 per litre, how should the delivery be
scheduled in order that the transportation cost is minimum? What is the minimum cost?

4. Rahul is at the whole sale market to purchase folding tables and chairs, to later sell them at his
furniture shop. He has only X5760 to spend and his van has space to carry at the most 20 items. A
table costs him X360 and a chair costs 3240. Back at his shop, he plans to sell a table at a profit of
%22 and a chair at a profit of T18. Given that he can sell all the items that he purchases, how many
tables and chairs shall he purchase in order to maximize his profit?

Answers of Multiple Choice Questions
1(d) 2(c)  3(d) 4(d) 5(b) 6() 7(c) 8b) 9(b) 10(a)  11(d)
Answers of Assertion — Reason Questions
1(a) 2(a)  3(a) 4(a) 5d) 6(c) 7(a) 8(a)
Answers of Very Short Answer Type Questions

1. Minimize Z = 300x + 400y, subject to the constraints
3x+5y=>230,x+y=>8x=>0,y=>0

2. Maximize Z = 100x + 300y, subject to the constraints
x+2y<32,x+y<24,x=>1y=>1

3. Maximize Z = 150x + 80y, subject to the constraints
4x +y<100,x+y <80,x=0,y =0

4. Maximize profit Z = 16x + 12y — 9600, Subject to the constraints
x+y<9605x+y<2400,x,y = 0.

5. 3p = q, is the required relation between p and q.
6. We draw the lines x — y = —1 and y = x. Shade the region satisfied by the given inequations. As
we can see that there is no feasible region.
YA

bl

~ No maximum value of Z.
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Answers of Short Answer Type Questions

Minimum = —12 atx =4,y =0

Y=

Maximum = 120 atx = 30,y =0

Minimum = 2300 atx =4,y =3

Minimum = 6 at the corner points (6,0) and (0,3). In fact, all points on the line segment joining

the points (6,0) and (0,3) yield the minimum value 6

6. Minimum = 60 at (5,5). Maximum = 180 occurs at two corner points (15,15) and (0,20). In
fact, all points on the line segment joining the points (15,15) and (0,20) yield the maximum value
180

7. No feasible Solution

8. Maximum value = 400 at (0,200); minimum value = 100 at (20,40) and (0,50). In fact, all
points on the line segment joining the points (20,40) and (0,50) give the same minimum value
100

. 3 units of product 4 and 8 units of product B; maximum revenue = I1260
10. 3 packages of nuts and 3 packages of bolts; maximum profit X73.50
Answers of Long Answer Type Questions

Minimum = 7 at x =

N w

M.

2 units of type A and 3 units of type B; maximum profit X230

. Maximum profit 410 occurs when 30 packages of screw A and 20 packages of screw B are
produced

3. He should buy 8 electronic and 12 manually operated sewing machines, maximum profit =

%3920.

Maximum profit 1600 occurs when 8 souvenirs of type A and 20 of type B are produced

2 units of product 4 and 3 units of product B, maximum profit 26

4 pedastal lamps and 12 wooden shades, maximum profit 360

150 tickets of executive class and no tickets of economy class; maximum profit is ¥ 75000

40 units of product A and 10 units of product B; maximum revenue = I2320.

N —

A N A

Minimum cost of the diet is 124 when 12 units of food F; and 33—2 units of food F, are mixed

10. 2 kg of food I, 4 kg of food II, minimum cost is X 380
Answers to Case Study Based Questions
1(i) Max. Z = 25x + 15y
() 2x+y<12;3x+2y <20, x>0,y =0
(i)x =0,y =0
(iv) 160
2 (i) 200 ()y=4x (i) x+y <200,y =4x,x =20,y =0 (iv) Rs.1,36,000.
Answers to HOTS Questions

1. Minimum cost = X160 at (g, O) and (2,%). In fact, all points on the line segment joining the
points (g, O) and (2,%) give the same minimum cost X160
2. 50 kg of type A and 40 kg of type B, minimum cost X570

3. %2000 in bond A and 10000 in bond B yield maximum interest of 1160
4. 8 tables and 12 chairs. Maximum profit = I392.
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SAMPLE QUESTION PAPER — 1 (2025 -26)

APPLIED MATHEMATICS
CLASS - XII
BLUE PRINT
Name of the Unit 1(MCQ) 2M(VSA) 3 (SA) 5 M(LA) 4M(Case Total
Based)
Section A Section B | Section C | SectionD | Section E

Unit | Numbers, Quantification 4 2 1 7(11)
I and Numerical Applications
Unit | Algebra 3 1 1 5(10)
Il
Unit | Calculus 3 1 1 1 6(15)
1]
Unit | Probability Distributions 1 1 1 3(10)
v
Unit | Inferential Statistics 2 1 3(5)
Vv
Unit | Index Numers and Time- 3 1 4(6)
\ based Data
Unit | Financial Mathematics 2 1 2 1 6(15)
Vi
Unit | Linear Programming 2 1 1 4(8)
VIII

Total 20 5 6 4 3 38(80)
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SAMPLE QUESTION PAPER — 1 (2025 -26)
APPLIED MATHEMATICS
CLASS - XII

General Instructions:

1.

A

This question paper contains — five sections A, B, C, D and E. Each section is compulsory.
However, there are internal choices in some questions.

Section A has 18 MCQ’s and 02 Assertion —Reason based questions of 1 mark each.

Section B has 5 Very Shirt Answers (VSA) type questions of 2 marks each.

Section C has 6 short Answer (SA) type questions of 3 marks each

Section D has 4 long Answer (LA) type questions of 5 marks each.

Section E has 3 source based / case based / passage based/integrated units of assessment (4

marks each) with sub parts.
SECTION -A

The smallest non —negative integer congruent to 2796 (mod7 ) is

(a) 5 (b) 2 (c)3 (d)4

Ifx= 8, then

(a)x=—8 (b) x=—8(c) x< -8 (d) x>-8

In a game of 600 points, A scores points 407 points while B scores 307 points. In this game, the
point given by A to B is

(a) 105 (b)200 (c) 100 (d) 150

A certain tank can be filled by pipe A in 12 minutes . pipe B can empty the tank in 18 minutes . If
both pipes are open ,then the time it takes to fill the tank

(a) 5 minutes (b) 6minutes (c) 36 minutes (d) 9 minutes
The matrix A=[01—10] js

(a)  aunit matrix (b) a symmetric matrix

(c) askew symmetric matrix (d) a diagonal matrix

If [a+b25b] = [6522] thenais
(a) 4 (b) 3 (c)2 (d) 1
If A is 3x3 matrix such that |41=8 | then |34 is equals

(a) 24 (b) 72 (©)216 (d) 8
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8. If x=3at, y=a’-‘3 , then Z—z is equal to

(2)3 (b)3a (c) 3at @t

0. The radius of a circle is increasing at the rate of 0.7cm/s. What is the rate of increase of its
circumference when r=4.9 cm ?

(@) l.4mcm/s (b) 2.8 tcm/s (¢) 0.4 cm/s (d)-0.4 cm/s

10.  For an objective function Z = ax + by , where a,b >0 ; the corner points of the feasible region
determined by a set of constraints are ( 0,20 ), (10,10), (30,30 ) and (0,40) . The condition on a
and b such that the maximum Z occurs at both end points (30,30 ) and (0,40) is

(2) b-3a=0 (b) a=3b (c) a+2b =0 (d) 2a- b =0

11. The probability distribution of a discrete random variable X is given below :
X 2 3 4 5
P(X) 5 7 9 11
k k k &k
The value of k is
(a) 8 (b) 16 (c) 32 (d) 48

12.  For purpose of t-test of significance , a random sample of size (n) 48 is drawn from a normal
population , then the degree of freedom (v) is

1

(a) 49 (b) 2s(c) 47 (d) 48
13. A specific characteristic of a population is known as a
(a) a sample (b) parameter (c) statistic (d) mean
14. Prosperity , recession and depression in a business is an example of
(a) seasonality (b) trend (c)cyclical (d) secular
15. Seasonal variation mean the variations occurred within

(a) A number of years (b) parts of a year (c) parts of amonth (d) none of these
16 For the given five values 35, 70, 36, 59, 64, the three years moving averages are given by
(a)47, 53,55 (b) 53,47, 45 (c) 47, 55, 53 (d) 45, 55, 57

17. Mr. Anil takes a loan of Rs. 200000 with 10% annual interest rate for 5 years. EMI under flat
rates system is
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18.

19.

20.

21

22

23

24

25

(a) 4000  (b) 5000 (c) 6000 (d)7000

At what rate of interest will the present value of a perpetuity of Rs. 500 payable at the end of
every 6 months be Rs. 10000?

@6%  (1)8% (c) 5% (d)10%
ASSERTION AND REASON

(a) Both A and R are true and R is the correct explanation ofr A
(b) Both A and R are true but R is NOT the correct explanation of A
(©) A is true but R is false.
(d) A is false but R is true.
Assertion (A): Maximum value of z = 3x +2y , subject to the constraints

x+2y=2,x20 ;yz0 will be obtained at point (2,0)
Reason (R): In a bounded feasible region it always exits a maximum and minimum value .
Assertion (A): The function f(x) = x>-12x is strictly increasing in (-00,-2) U (2,%)
Reason (R): For a strictly increasing function f*(x) >0
SECTION B

A man rows 15 km upstream and 25 km downstream in 5 hours each time. What is the speed of
the current ?

In a 500 m race, A defeats B by 60 meters (or) 12 seconds. What is the time taken by A to
complete the race?

OR

1
A pump can fill a tank with water in 2 hours. Because of a leak in the tank, it takes % hours to

fill the tank. The leak will be empty the filled tank in what time?

Using determinant find the value of k, for which points P (3,-2), Q (8, 8) and R (k, 2) are
collinear.

A person has an initial investment of Rs. 50000 in an investment plan. After 2 years it has grown
to Rs 60000. Find his rate of return.

OR

How much money is needed to endure a series of lectures costing ¥2500 at the beginning of each
year indefinitely , if money is worth 3 % compounded annually ?

A small firm manufactures necklaces and bracelets. The total number of necklaces and bracelets
that it can handle per day is at most 24. It takes one hour to make a bracelet and half an hour to
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make a necklace. The maximum number of hours available per day is 16. If the profit on a
necklace is Rs100 and that on a bracelet is Rs.300. Formulate a L.P.P. for finding how many of
each should be produced daily to maximise the profit?

SECTION C
26. A container contains 50 litres of milk . From this container 10 liters of milk was taken out and
replaced by water . This process is repeated two more times . How much milk is now left in the
container ?
OR
A vessel contains a mixture of two liquids P and Q in the ratio 5:7. 12 litres of mixture drawn off
from the vessel and 12 L of liquid P is filled in the vessel. If the ratio of the liquids P and Q
becomes 9:7, how many litres of liquids P and Q were contained by the vessel initially.
27.  Mr Surya borrowed a sum of 5,00,000 with total interest to be paid 2,00,000(flat) and he is
paying an EMI of 12,500. Calculate loan tenure.
28.  Fit a straight line trend to the following data :
Year 2010 2011 2012 2013 2014 2015
Values 28 32 29 35 40 50
29 Find the present value of a perpetuity of Rs 3120 payable at the beginning of each year , if money

1s worth 6% effective.
30 Find the intervals in which the function

fx) =2x°+9x* +12x +20  is(j)increasing (ii)) decreasing.

OR

Use of second derivative test to find the local maxima and minima of

4.3
fix)=3° +6x>+8x+7.

31 A 99% confidence interval for a population mean was reported to be 83 to 87 . If ¢ =8 . What
sample size was used in this study ? (Given Zo.o05=2.576)

SECTION D

32. The management committee of a Welfare Club decided to award some of its members (say x)for
sincerity, some (say y) for helping others selflessly and some others (say z) for effective
management. The sum of all the awardees is 12. Three times the sum of all awardees for helping
others selflessly and effective management added to two times the number of awardees for
sincerity is 33. If the sum of the number of awardees for sincerity and effective management is
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twice the number of awardees for helping others, use matrix method to find the number of
awardees of each category.

33. A company produces a certain commodity with 24000 fixed cost. The variable cost is estimated
to be 25% of the total revenue received on selling the product at a rate of 8 per unit. Find the
following

(1) Cost Function. (i1) Revenue Function
(ii1) Breakeven Point (iv) Profit Function

OR

4
Integrate : 11 [lx—1]+|x—2] + |x—3|] dx

34.  Surjeet purchased a new house, costing X 40,00,000 and made a certain amount of down payment
so that he can pay the balance by taking a home loan from XYZ Bank. If his equated monthly
instalment is X 30,000, at 9% interest compounded monthly (reducing balance method) and
payable for 25 years, then what is the initial down payment made by him?

[Use (1.0075)3% = 0.1062]

35.  If 5% of the electric bulbs manufactured by a company are defective , use Poisson distribution to
find the probability that in a sample of 100 bulbs :

(i)None is defective (i1)5 bulbs will be defective
OR

In an examination, 2000 students appeared and the mean of the normal distribution of marks is
30 with standard deviation as 6.25. Find out how many students are expected to score (i) between
20 and 40 marks (ii) less than 25 marks.

SECTION-E(CASE BASED QUESTIONS )

36. The feasible solution for a LPP is shown in fig. Let Z=3x-4y be the objective function.

KVS ZIET MYSURU: CLASS 12 APPLIED MATHEMATICS (2025-26) 251




37.  Let X denote the number of hours you study during a randomly selected school day. The
probability that X can take the valueX, has the following form, where k is some constant.

P(X=x) =
{0.1 ,ifx=0kx, ifx=1andx =2 k(5 —x), ifx=
3andx =4 0, otherwise

Based on the above information answer the following:

(1) Calculate the value of k

(i1) Calculate the probability P(Studies for three hours)

(ii1))  What is the probability when you study atmost two hours.

OR

(iv)  Compute the probability when you study at least for two hours
(38) Read the following text and answer the following questions on the basis of the same:
Polio drops are delivered to 50000 children in a district. The rate at which polio drops are 38. 38.Polio
drops are delivered to 50000 children in a district . The rate at which polio drops are given is directly
proportional to the number of children who have not been administered the drops. By the ends of 2™ week

dy
half the children have been given the polio drops . It has been given the differential equation dx =
k(50-y) where x denotes the number of weeks and y the number of children who have been given the
drops.
dy
(1)Write the method of solving a differential equation dx = k(50-y).
ay

(ii)Find the solution of differential equation ax = k(50-y) .

(ii1)) Which of the solution may be used to find the number of children who have been given the polio
drops?
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ANSWERS
SAMPLE PAPER -1
APPLIED MATHEMATICS: CLASS XII
1. Solution. Let x be the smallest non —negative integer congruent to 2796 (mod7 )
x=2796 (mod 7))
x =3 (mod7)
Answer : (c)
2. Answer : (b)
Solution : x < 8
= _x=—8
3. Answer (c)
Solution:
(Total score points = 600
A score’s =407
B score’s =307
~ A give (407 — 307) = 100 points to B.
4. Answer : (c)

11 1
Solution1z-18 =38
: time taken by both pipes = 36 minutes

5. Answer : (c)
Solution : if A is a a skew symmetric matrix
Then A’=-A

6. Answer : (a)
Solution : atb=6,b=2 = a=4
7. Answer : (c)
Solution : | kA |=k"A| = 3A|=3> X 8=216
8. Answer : (d)
dx dy
Solution : @r =3a , 4t = 3a t?
dy 3at?
dx= 3a =t
9. Answer : (a)
Solution : @ =0.7, circumference=2nr
de dr
dr =2mar=2n%0.7=1.4mcm/s
10. Answer : (a)
Solution : As Z is maximum at (30,30) and (0,40)
= 30a +b =40b
= b-3a =0
11. Answer:(c)

5 7,9, 11 32
Solution : ¥ +x 7% T % =1 , %=1 ,k=32
12.  Answer : (¢)

Solution : Degree of freedom = n-1, n=48
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Therefore , Degree of freedom = 48-1 =47

13. Answer : (b)

14.  Answer:(c)
Solution : The variation in a time series over a span of more than one year are called cyclic
variation .

15.  Answer: (b)
Solution: Seasonal variation is variation in a time series within one year that is repeated more or
less regularly .

16 Answer : (c)
Solution : for 5 values 3 years moving averages is given by

35+70+36 70+36+59 36+59+64
T3 =47, 3 = 55, 3 =53
17. Answer : (b)
P+l prn 200000 X 10X60
Solution: EMI="n ,I=100 = I= 1200 _ = 100000
200000+ 100000
EMI = 60 = 50000
18.  Answer: (d)
P 10000 20
Solution : R =7 ,i=so0 =20, since it is the end of every 6 months , therefore i="2 =10 %
19. Answer:(a )
Solution :
Corner points z=3x 2y
(0,0) 0
(0,1) 2
(2,0) 6 maximum

20.  Answer (a)

Solution: f(x) =x3-12x , £(x) = 3x%-12

For (x)=0 ,x=2,-2

strictly increasing in (-o0,-2) U (2,%)

clearly R the correct explanation of A

SECTION B

21 Solution.

Downstream speedu=x +y =15

upstream speed v=x -y =3

speed of current = 1km/h
22 Solution.

Length of course = 500 meters

Time taken by B to cover by 60 meters = 12 seconds.

12 500) =100

“ time taken by B to cover the course = (so seconds

“time taken by B to cover the course=(100 — 12) seconds = 88 seconds
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= ] minute 28 seconds

OR

Solution.

Part filled by the pump in 1 hour = %

Net part filled by the pump and leak in 1 hour = ;

Emptying work done by the leak in 1 hour = % _% - % - 1_14

Leak can empty the tank in 14 hours.
23 Solution.
As the points P (3,-2), Q (8, 8) and R (k, 2) are collinear

1
AreaoftrianglePQR=;|3 —21881k21|=0

Solving above determinant, we get, | 3(8-2) +2(8-k) +1(16-8k)| =0
|18 +16 —2k +16 -8k | =0
-10k+50 =0
-10k+50=0
k=5
24 Solution.
Given current value of investment= Rs. 60000

Cost of investment = Rs. 50000
60000—50000

Rate of return =~ sooo0 X 100%
=20%

OR

Solution.

—_—
Here R=2500 , "~ Too
R
P=R+%
2500
P=2500 + o0.03

=2500 + 83333.33
=3 85833.33
25 Solution.
Let number of necklaces and bracelets produced by firm per day be x and y, respectively.
Clearly, x>0,y>0
Let Z be the profit function.
Maximise Z = 100x+300y subject to,
Xty <24
X+2y<32
and x,y>0
SECTION C

26.  Solution.
X=50L ,y =10L ,n=3
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y 10
Amount of milk left=x(1- x)* =50(1-30)> =25.6L
OR
Solution.
Let initially liquids P and Q be 5x and 7x litres respectively in the vessel.

After drawing off 12 litres of mixture
5

Quantity of liquid P left in the mixture = 5x - 12X 12 = 5x — 5 litres
7

Quantity of liquid Q left in the mixture = 7x - 12X 12 =7x — 7 itres
So, quantity of liquid P= (5x -5 +12) litres = 5x +7 litres
quantity of liquid Q= (5x -5 +12) litres
9 S5x+7
As per the question , 7 = 7x—7
63 x—63 =35x +49
Solving we get , x =4
Hence, the quantity of liquid P was 5 X4 = 20 litres and quantity of liquid Q was
7 X4 = 28 litres
27.  Solution.
Here P =5,00,000 ; I =2,00,000; EMI = 12,500
P+l
EMI=»n
500000+200000
12,500="_ =
= n = 56 months.

28.  Fit a straight line trend to the following data :

Year 2010 2011 2012 2013 2014 2015
Values 28 32 29 35 40 50
Solution. |y x=ti- x? Xy
t 2012.5
2010 28 -2.5 6.25 -70
2011 32 -1.5 2.25 -48
2012 29 -0.5 0.25 -14.5
2013 35 0.5 0.25 17.5
2014 40 1.5 2.25 60
2015 50 2.5 6.25 125
Yy=214 > > xy=70
x?=17.50
Xy Zxy
a=n=35.67 b=Lx2=

29 Solution.
i= .06
R
P=R + i=3120+ 3120/.06
getting P = Rs 55120
30 Solution.
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Getting f (x) = 6x* +18x+12
fx)=6 (x+1)(x+2)
For increasing f (x) >0 and decreasingf (x) <0
Increasing (—%, — 2) U (—1, )
Decreasing (—2, —1)
OR

2.3
Soln. f(X):Sx +6x>+8x+7

frx)=4x>+12x+8=4(x+1)(x+2)

For local maxima or minima f’(x) =0
4(x+1)(x+2)=0
x=-1,-2
Again, £ ’(x) =8x + 12
Atx=-2,f7(-2)=8X(-2)+12=-4
-4 <0
“x = -2 is a point of local maxima
-32 13
local maximum value= "3 +24-16+7=
Atx=-1,f’(-1)=8X(-1)+12=4
4 >0
“x = -1 is a point of local minima
—4 11
local minimum value= 3 +6-8+7=
31 Solution : given ¢ =8 and confidence level = 99%

Let the sample mean be £ and margin of error be E .
ThenX+E =87 and X - E =83 = E =2

1-a=0.99 = «=0.01,2 =0.005

Za
2 =Zo.00s5s =2.576

e @ 2576 x8
SinceE="2 "W =2= &  =Vn =10.304
Therefore n=106.172 = sample size =106

SECTION D

32.  Solution.

Equations: x +y+z=12,2x+3y+3z=33,x-2y+z=0

-1_1: _ S

Det(A)- 3, 4 ==(9-3010 —1 -731)

AX =B= X=A"'B

< =(9 3010 —1 —731)(12330)

x=3, y=4,7=5
33. Solution.
|
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Let ‘x’ units of product be produced and sold. As selling price of one unit is Rs 8 total revenue on
‘X’ units = Rs 8x
(1) Cost Function C(x) = Fixed Cost + 25% of 8x
= 24000 +2x.
(i1) Revenue Function = 8x
(i11) Breakeven Point 8x = 24000+2x

x =4000
(iv) Profit function = R(x) — C(x) = 6x — 24000
OR
Solution
4 4
,-I1 |x—1| dx=f1 (x—1)dx
2 4

G-

L Ix—ZIdx:flz —(x—Z)deJ: (x — 2)dx

1

[0 ROl

— (-2, + (529

f4 Ix—3|dx:fl3 —(x—3)dx+J: (x — 3)dx

1
2 3 2 4

=G-8

9
olx—1l+lx—2l+|x—3]]dx_7

34.  Solution.
Amount of Purchase = % 40,00,000
Down payment = x
Balance = 40,00,000 — x
i=9/1200=0.0075,n =25 x 12 =300
EMI =3%30,000
30000= (4000000—x)*0.0075/1— (1.0075)**° =30000= (4000000—x)*0.0075/1— 0.1062
=x=424800
Down payment = X 4,24,800

35.  Solution.
p =0.05,n=100 getting 4 = npP =5

e Hy"

P(X=r)= r

(1)P( none is defective )=.007
(11)P( 5 defective bulbs)=.1822

OR,

=Xx
Solution. 6.25
When X=20, Z=-1.6
When X=40,7Z=1.6
P(20<X<40)=.8904
(1)Number of students scoring between 20 and 40 = 1781(approx)
|
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When X=25,7=-.8
P(X<25)=.2119
(i1) Number of students scoring less than 25= 424
SECTION-E(CASE BASED QUESTIONS )

36.  Solution : (i) (0,8)
(i) -32

37.  Solution: (i) 0.1 +2k +2k+k =1

6K=09 ,k=0.15

()P (k=3)=k(5-3)=2k=2x0.15=0.3

(iii))P(k=0 ) +P(k=1)+P (k=2)=0.1 +k +2k =0.1 +3k =0.1 +3 x 0.15=0.55
OR
Pk=2)+P(k=3)+P(k=4)=2K 22K +K =5K =5%0.15=0.75
(38) Solution: (i) Variable separation method.

dy
(ii) Given that ax = k(50-y).
dy
s0—y =kdx

Integrating both sides we get
-log| 50 -y |=kx+C
(iii) -log| 50—y | =k x + C
Whenx=0,y=0
log (50)=0+C

=~ log (50)=0+C

1

=C=log 50

-log| 50 —y | =k x +log S0

50—y

= 50

= ¢
y=50(1-e*)
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SAMPLE QUESTION PAPER -2(2025-26)

APPLIED MATHEMATICS
CLASS: XII
BLUE PRINT
Name of the Unit 1 2(VSA) |3(SA) |5(LA) |4 (Case Total
(MCQ) | Sec-B Sec-C Sec-D Based)
Sec-A Sec-E
Unit I Numbers, 4 2 1 7(11)
Quantification and
Numerical Applications
Unit II Algebra 3 1 1 5(10)
Unit III Calculus 3 1 1 1 6(15)
Unit IV Probability 1 1 1 3(10)
Distributions
Unit V Inferential Statistics 2 1 3(5)
Unit VI Index Numers and 3 1 4(6)
Time-based Data
Unit VII | Financial Mathematics 2 1 2 1 1 7(19)
Unit VIII | Linear Programming 2 1 3(4)
Total 20 5 6 4 3 38(80)
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SAMPLE QUESTION PAPER -2(2025-26)
APPLIED MATHEMATICS
CLASS: XII
TIME: 3 Hrs M.M.: 80
General Instructions :

1. This question paper contains — five sections A, B, C, D and E. Each section is compulsory.

However, there are internal choices in some questions.

Section A has 18 MCQ’s and 02 Assertion —Reason based questions of 1 mark each.

Section B has 5 Very Shirt Answers (VSA) type questions of 2 marks each.

Section C has 6 short Answer (SA) type questions of 3 marks each

Section D has 4 long Answer (LA) type questions of 5 marks each.

A T

Section E has 3 source based / case based / passage based/integrated units of assessment (4 marks

each) with sub parts.

SECTION-A
1. What is the value of 7°(mod 3)
()1 (b) 2 (c)3 (d) 4
2. The value of - 31mod 7 will be
(@ 1 (b 2 (¢) 3 (d) 4

3.Ifa > b and c <0 then which of the following is true ?
(a) atc <b+c (b) a-c<b-c  (c) ac>bc (d) a-c>b+c

4. A certain tank can be filled by pipe A in 12 minutes . pipe B can empty the tank in 18 minutes . If both
pipes are open ,then the time it takes to fill the tank

(a) 35 minutes (b) 64 minutes (c) 36 minutes (d) 8 minutes

5. The matrix [_ 1 0 ]

(a) aunit matrix (b) a symm. matrix (c) a skew symm. matrix  (d) a diagonal matrix

6. If (a tb 2) [ ,then ais
(@ 4 (b3 (c)2 (d)1
7. If A is 3x3 matrix such that |A|=8 , then |34] is equals
@24  (b)72 (©)216 d) 8
8. If x=3at, y=at3,then Z—z is equal to
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(a)3 (b)3a (c) 3at (d) t?

9. The radius of a circle is increasing at the rate of 0.7cm/s. Then the rate of increase of its circumference
is

(a) L4t cm/s (b) 2.4 cm/s (c) 0.4 cm/s (d)-0.4 cm/s
10. The total revenue in Rupees received from the sale of x units of a product is given by R(x)=
3x24+36x+5. The marginal revenue , when x=15 is:
(a)116 (b) 96 (c) 90 (d)126
11. The probability distribution of a discrete random variable X is given below :
X 2 3 4 5
P(X) 5/k 7/k 9/k 11/k
The value of k is
(a) 8 (b) 16 (c) 32 (d) 48

12. Consider the following hypothesis test
Hy:pu<25 Hy:u>25
A sample of 40 provided a sample mean of 26.4, then the value of the test statistics is:
(a) 4.18 (b)-1.48 (c) 1.48 (d)-4.18
13. A specific characteristic of a population is known as a
(a) a sample (b) parameter (c) statistic (d) mean
14. Which of the following cannot be a component for a time series
(a) seasonality (b) trend (c)cyclical (d) none of these
15. Seasonal variation mean the variations occurred within
(a) A number of years (b) parts of a year (c) parts of a month (d) none of these
16. Time series data have a total number of components ?
(a3 (b)4 (c)5 (d)6

17. Mr. Anil takes a loan of Rs. 2,00,000 with 10% annual interest rate for 5 years. EMI under flat rates
system is

(a) 4000  (b) 5000 (c) 6000 (d)7000

18. At what rate of interest will the present value of a perpetuity of Rs. 500 payable at the end of every 6
months be Rs. 10000?

(a) 6 (b) 8 (©)5 (d)10
19. Assertion (A): Feasible region is the set of points which satisfy all of the given constraints.

Reason (R): The optimal value of the objective function is attained at the points on X-axis only.
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(a) Both A and R are true and R is the correct explanation ofr A

(b) Both A and R are true but R is NOT the correct explanation of A
(©) A is true but R is false.

(d) A s false but R is true.

20. Assertion (A): The function y=[x(x — 2)]? is increasing in (0,1) U (2,0)
Reason (R): Z—z = 0, when x=0,1,2

(a) Both A and R are true and R is the correct explanation ofr A

(b) Both A and R are true but R is NOT the correct explanation of A
(©) A is true but R is false.

(d)  Ais false but R is true.

SECTION -B
21. Find the value of x, given that x = 23(mod 7);if 21 < x < 31

22.In a 500 m race, A defeats B by 60 meters (or) 12 seconds. What is the time taken by A to complete
the race? OR

A pump can fill a tank with water in 2 hours. Because of a leak in the tank, it takes 2 g hours to fill the
tank. The leak will be empty the filled tank in what time?

23. Using determinant find the value of k, for which points P (3,-2), Q (8, 8) and R (k, 2) are collinear.

24. A person has an initial investment of Rs. 50000 in an investment plan. After 2 years it has grown to
Rs 60000. Find his rate of return.

25. A small firm manufactures necklaces and bracelets. The total number of necklaces and bracelets that it
can handle per day is at most 24. It takes one hour to make a bracelet and half an hour to make a necklace.
The maximum number of hours available per day is 16. If the profit on a necklace is Rs 100 and that on a
bracelet is Rs.300. Formulate a L.P.P. for finding how many of each should be produced daily to
maximise the profit?

SECTION-C

26. A man can row a boat at 5 km/h in still water. If the speed of water current in a river is 1 km/h and it
takes him 1 hour to row to a place and come back, how far off is the place?

OR

A vessel contains a mixture of two liquids P and Q in the ratio 5:7. 12 litres of mixture drawn off from the
vessel and 12 L of liquid P is filled in the vessel. If the ratio of the liquids P and Q becomes 9:7, how
many litres of liquids P and Q were contained by the vessel initially.

27. A vehicle costing Rs. 900000 has a scrap value of Rs. 270000. If the annual depreciation charge is Rs.
70000, Find its useful life in years.

28. Calculate the 3 yearly moving averages from the following time series:
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Year 2005 | 200 | 2007 | 2008 | 2009 | 2010 | 201 | 201
6 1 2

Earnings: (Rs | 3.6 43 4.3 3.4 4.4 5.4 3.4 2.4
Lakhs)

29. Find the present value of a perpetuity of Rs 3120 payable at the beginning of each year , if money is
worth 6% effective.

30. Find the intervals in which the function is f(x) = 2x3 + 9x? + 12x + 20

(1) increasing (2) decreasing
OR

2
If a manufacturer's total cost function C is given by C= ;—5 + 2x, find (i) average cost function (ii) the

marginal cost function, and (iii) the marginal cost when 5 units are produced. Also, interpret the result.

31. A company has been producing steel tubes of mean inner diameter of 2 cm. A sample of 10 tubes
gives an inner diameter of 2.01 cm and a variance of .004 cm?. Is the difference in the values of means
significant? ( Given to(.05) = 2.262)

SECTION-D

32. The cost of 4 kg. onion, 3 kg. wheat and 2 kg. rice is 60. The cost of 2 kg. onion, 4 k wheat and 6 kg.
rice is 90. The cost of 6 kg. onion, 2 kg. wheat and 3 kg. rice is 70. Find cost of each item per kg. by
matrix method.

3x 4
mw.r.tx OR fl Ix - 5| dx

34. Mr. Naresh has bought 200 shares of City Look Company at 100 each in 2015. After selling them he
has received 30000 which accounts for 22.47% CAGR. Calculate the number of years for which he was
holding the shares.

33. Integrate:

35. If 5% of the electric bulbs manufactured by a company are defective , use Poisson distribution to find
the probability that in a sample of 100 bulbs :

(1) None is defective
(2) 5 bulbs will be defective
OR
In an examination, 2000 students appeared and the mean of the normal distribution of marks is 30 with
standard deviation as 6.25. Find out how many students are expected to score (1) between 20 and 40
marks (2) less than 25 marks

SECTION- E (CASE BASED QUESTION)

36. In year 2000, Mr. Talwar took a home loan of Rs.30,00000 from state Bank of India at 7.5%p.a.
compounded monthly for 20 years. (1.00625)%*=4.4608

Based on the above information, answer the following question

i. What was EMI paid by Mr. Talwar
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ii. What was interest paid by Mr. Talwar in 150" payment?
iii. What was Principal paid by Mr. Talwar in 150" payment?

37. Height of Students: The heights of students in a school are normally distributed with mean 160 cm
and standard deviation 10 cm. Based on this information , answer the following:

1) What percentage of students are taller than 175 cm?
i1) What percentage of students have heights between 150 cm and 170 cm?
ii1) If there are 1000 students, how many are expected to be shorter than 140 cm?

38. Radium decomposes at a rate proportional to the quantity of radium present. Suppose that it is found
that in 25 years approximately 1.1 % of a certain quantity of radium has decomposed

Radium g

Do

“d

Based on the above information answer the following questions:
(i)Formulate the differential equation for the amount of radium decomposed in time t.

(i1) If p and q denotes the order and degree of the differential equation in (1) respectively. find 2p + 3q.
(ii1) Write the expression for the amount of radium decomposed in time t and the amount of radium
present at t=0

OR
(i11)Compute the value of proportionality constant appearing in the differential equation of part (
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SOLUTIONS

SAMPLE QUESTION PAPER -2(2025-26)
APPLIED MATHEMATICS
CLASS: XII
SECTION-A

1.a To calculate 76 (mod 3), we can follow these steps:

Step 1: Calculate 7 (mod 3)=7 (mod 3) =1

Step 2: Calculate 72 (mod 3), Since 7 (mod 3) = 1, we can write: 7*2 (mod 3) = (7 (mod 3))"2
=1"2=1

Step 3: Calculate 73 (mod 3)

773 (mod 3) =72 (mod 3) X 7 (mod 3)=1 x 1=1

Step 4: Calculate 76 (mod 3)

Using the result from Step 3:7°6 (mod 3) = (73 (mod 3))"2=1"2=1

2.d To calculate -31 mod 7, we can follow these steps:

Step 1: Divide -31 by 7=-31 + 7 = -4 with a remainder of -3

Step 2: Convert the remainder to a positive valueSince the remainder is -3, we can add 7 to get a positive
value:-3+7=4

3.d a-c>btc

Adding ¢ to both sides gives us:a>b + 2¢, Since ¢ <0, 2¢ <0, and b + 2¢ <b.

Therefore, a > b + 2c is true, which implies a - ¢ > b + ¢ is also true.

4.c Pipe A fills the tank in 12 minutes, so its filling rate is:

1 tank / 12 minutes = 1/12 tank per minute

Pipe B empties the tank in 18 minutes, so its emptying rate is:

1 tank / 18 minutes = 1/18 tank per minute

When both pipes are open, the net filling rate is the difference between the filling rate of Pipe A and the
emptying rate of Pipe B:

Net filling rate = (1/12 - 1/18) tank per minute

Net filling rate = (3/36 - 2/36) tank per minute

= 1/36 tank per minute

Since the net filling rate is 1/36 tank per minute, it will take:

36 minutes to fill 1 tank

5. ¢ A=[_01 (1)],A/=—[_01 (1)] ,Skew symmetric

6. a oncomparing a+b=6,b=2,a=4

7.c |34] = 33|A| = 27 x 8 = 216

8 .d dx/dt=3a, dy/dt=3at?, dy/dt=t?

9.a The circumference of a circle (C) is given by:C = 2xnr , Given that the radius is increasing at a rate of

0.7 cm/s, we can write: dr/dt = 0.7 cm/s=dC/dt = d(2nr)/dt= 2n(dr/dt)=2n(0.7)=1.4 =

10.d  dr/dx= 6x+36, put x= 15, we get marginal revenue= 15.6+36=90+36=126

1l.c  5/k+7/k+9/k+11/k=1, 32/k=1, k=32

12.c 13.b 14.d 15.b 16.b

17.b EMI = (Principal + (Principal x Rate x Time)) / (Time x 12)

Where: Principal = Rs. 2,00,000 ,Rate = 10% per annum = 0.10, Time = 5 years

Substituting the values, we get:

EMI = (2,00,000 + (2,00,000 x 0.10 x 5)) / (5 x 12) = (2,00,000 + 1,00,000) / 60

|
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= 3,00,000 / 60 = Rs. 5,000

18.d PV =PMT /r, PV =Rs. 10,000 (present value), PMT = Rs. 500 (periodic payment, every 6
months)

r=PMT /PV=500/10,000=0.05 per 6-month period

Annual rate = 2 x 0.05 (since there are 2 periods in a year) = 0.10 or 10%

19. ¢ The correct answer is: (A) True, (R) False

Explanation: Assertion (A) is correct: The feasible region is indeed the set of points that satisfy all the
given constraints in a linear programming problem.

Reason (R) is incorrect: The optimal value of the objective function is not necessarily attained at points on
the X-axis only. The optimal solution can be at any corner point of the feasible region, which may or may
not be on the X-axis.

20.d The correct answer is:(A) False, (R) True

Explanation: Reason (R) is correct: The derivative of the function y = [x(x-2)]"2 is:

dy/dx = 2x(x-2)(2x-2)= 4x(x-1)(x-2)

Setting dy/dx = 0, we get: 4x(x-1)(x-2) = 0,which gives x =0, 1, 2.

However, Assertion (A) is incorrect: The function y = [x(x-2)]"2 is actually decreasing in (0, 1) and
increasing in (1, 2) and (2, o).

SECTION-B
21. x =23(mod 7)
x=23+7, pEZ
x=23,30,47,... ...

x=30as21 <x <31

22. Length of course = 500 meters

Time taken by B to cover by 60 meters = 12 seconds.
~ time taken by B to cover the course = 2 x 500) = 100 seconds
-«
60
~time taken by B to cover the course=(100 — 12) seconds = 88 seconds

= ] minute 28 seconds
OR

Part filled by the pump in 1 hour = |
2

Net part filled by the pump and leak in 1 hour = >
7

Emptying work done by the leak in 1 hour = '~ _7=_ L
2 7 14 14
Leak can empty the tank in 14 hours.

23. As the points P (3,-2), Q (8, 8) and R (k, 2) are collinear
3 2 1

Area of triangle PQR 21 8 8 1]=0
2

kK 2 1
Solving above determinant, we get, | 3(8-2) +2(8-k) +1(16-8k)| =0

118 + 16— 2k +16 -8k | = 0
I
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-10k+50 =0

-10k + 50) =0

k=5
24. Given current value of investment= Rs. 60000 Cost of
ivestment = Rs. 50000
Rate of return = 9209050000 x 100%

50000
=20%

25. Let number of necklaces and bracelets produced by firm per day be x and y, respectively.  Clearly,
x>0,y>0
=~ Total number of necklaces and bracelets that the firm can handle per day is at most 24.
Lx+ty<24
Since it takes one hour to make a bracelet and half an hour to make a necklace and maximum number of

hours available per day is 16.

~12x+y<16

= x+2y<32
Let Z be the profit function. Then, Z = 100x + 300y

=~ The given LPP reduces to Maximise Z = 100x
+ 300y subject to, x +y < 24

X +2y<32
andx,y>0

SECTION-D

26. Speed downstream=6 km/h, Speed upstream= 4 km/h , Total Time taken= 1 hour, Distance = 2.4 km
OR

Let initially liquids P and Q be 5x and 7x litres respectively in the vessel. After drawing
off 12 litres of mixture

Quantit of liquid P left in the mixture = 5x - > X 12 =5x — 5 litres
y q —
12

Quantity of liquid Q left in the mixture = 7x - 7 X 12 =7x — 7 litres So, quantity of
12

liquid P= (5x -5 +12) litres = 5x +7 litres quantity of liquid Q=
(5x -5 +12) litres

As per the question = - = 7
7 Ix—T
63 x — 63 =35x +49
Solving we get , x = 4, Hence the quantity of liquid P was 5 X4 = 20 litres and quantity of liquid Q was 7
X4 =28 litres
27. Here C=900000, S=270000,annual depreciation = 70000 Let useful

life be n years.

Now annual depreciation ==
n
]
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n=9 years
28.4.067,4 ,4.03, 4.40, 4.40,3.73

29.i = .06, P=R +R=3120+ 3120/.06
i

getting P = Rs 55120
30. Getting f'(x) = 6x* + 18x + 12
(x) =6 (x + 1)(x +2)
For increasingf (x) > 0 fordecreasingf (x) <0
Increasing (—o0,—2) U (=1,00) and Decreasing (=2 ,-1)

X OR
(1) We have, C="_ + 2x, so,
25
the average cost function AC is given by AC=% or AC=2X+2
x 25

(i)  MC is given by 2 + 2
25

(i) MC=24
This means that , if the production is increased by 1 unit from 5 units to 6 units , then the cost
of additional unit is approx. 2.4.

31. Write u =2 cmX =2.0lcmn =10 2= .004cm?
Define Ho and H; Getting t=.476
The difference in the values of sample mean and population mean is not significant.

Section-D

32. Let cost of onion, wheat and rice per kg. be X,y and z respectively. Equations:
4x+3y+2z=60, 2x+4y+62=90, 6x+2y+3z=70

1 0 -5 10
Det(A)=50,A! = % 30 0 —20)

20 10 10
X=5, Y=8,7=8
BopyX2 __ A B C
(x+D)(x=2)2 (x+1) (x—2) (x—2)2
A=-5/9,B=5/9,C=4/3
4

After integrating, answer is gloglx + 1] + gloglx -2| - a2 ©

- OR

33.  Answeris : 15/2

34. SV=200 X 100= 20000, EV=30000 , CAGR= 22.47%

Let n number of years
CAGR = ((ﬂ)l/n - 1)X 100,n=2 I
=% , n =2 years nearly
35. p=.05,n=100 gettingu =np =235
|
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(1) P( none is defective )= .007
(2) P( 5 defective bulbs)=.1822

When X=20 Z=-1.6 When X=40
Z=1.6
P(20<X<40)=.8904
Number of students scoring between 20 and 40 = 1781(approx) When X=25, Z= -
.8

P(X<25)=.2119
Number of students scoring less than 25= 424

SECTION-E
36. (1)Rs.24167.82 (i) Rs.10458.69  (iii) Rs.13709.13
37. (1) 6.68% (ii) 68.26% (iii) 23 students
38. q=1, 2p+t3q=5 m= meekt
OR

1.1 .
(1 - W) my = mge 2%, k = 0.000443
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SAMPLE QUESTION PAPER - 3(2025-26)
APPLIED MATHEMATICS
CLASS: XII
General Instructions :
1. This question paper contains — five sections A, B, C, D and E. Each section is
compulsory. However, there are internal choices in some questions.
2. Section A has 18 MCQ'’s and 02 Assertion —Reason based questions of 1 mark each.
3. Section B has 5 Very Shirt Answers (VSA) type questions of 2 marks each.
4. Section C has 6 short Answer (SA) type questions of 3 marks each
5
6

. Section D has 4 long Answer (LA) type questions of 5 marks each.
. Section E has 3 source based / case based / passage based/integrated units of assessment
(4 marks each) with sub parts

SECTION - A
Q. ( All questions are compulsory. No internal choice is provided in this section)

1 Find 3'6(mods)-
(2) 0 (b)2 (c) 1 (d)3
2 IfxeR, |x| 24 then
(a)x>4 (b)-4<x<4 (¢)x<-4 (d)None
3 Inferential statistics is a process that involves all of the following except
(a) test a hypothesis (b) analysis relationship
(c) estimating parameter  (d) estimating a statistics
4 A sample of 60 bulbs is taken at random for the purpose of t-test of significance then the degree
of freedom is
(a) 50 (b) 59 (c) 1/50 (d) 1/59
5  In what ratio must a shopkeeper mix two types of oranges worth X 60/kg & X 90/kg
respectively so as to get a mixture at X 80/kg ?

(a) 1:2 (b)1:3 (c)2:1 (d) 3:1
6  In hypothesis testing, a tentative assumption about a population parameter is called
(a) Null hypothesis (b) Simple hypothesis

(c) Alternative hypothesis (d) None of these

7 The ratio in which must water be mixed with milk to gain 16%% on selling the mixture at cost
price is
(a) 6:1 (b) 1:6 (c)2:3 (d)3:2

8  The present value of a perpetuity of X 900 payable at the beginning of each year, if money is
worth 5% p.a., is
(a) 15000 (b) 18000 (c) 14250  (d) None

9  The demand function for a commodity is given by p= 4+x , the producer’s surplus when the
market sells 12 units of goods will be

(a) 71 (b) 72 (c)70 (d) None

10 The rise in prices before Diwali is an example of
(a) irregular trend (b) long term trend
(¢) cyclical trend (d) seasonal trend
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11

12

13

14

15

16

17

18

19

20

21

22

A dinning table costing Rs36000 has a useful life of 16 years. If annual depreciation is Rs2000,
its scrap value using linear method is

(a) 4000 (b) 5000 (c) 6000 (d) 8000

If the objective function for a LPP is Z = 5x + 8y and the corner points of the bounded feasible
region are (0,0), (7,0), (3,4) and (0, 2), then the maximum value of Z occurs at

(a) (7,0) (b) (0,0) () (0,2) (d 3.4

The general solution of differential equation :y logy dx — x dy =0 is
(a) y=log |cx| (b) y=e (c) y=e™* (d) logy=lc +x|
The effective rate of return, which is equivalent to a declared rate of 12% compounded
quarterly is
(a) 11.86% (b) 11.98% (c) 12.36% (d) 12.55%
The test is a statistical test used to compare the means of two groups
(a) Statistic test (b) p-test (c) kai test (d) t-test
(b)
The speed of a boat in still water is 15km/h and the rate of current is 3km/h. The distance
travelled by boat downstream in 12min. is
(a)1.8km (b) 1.2km (c) 3.6km (d) 2.4km
Irregular variations in a time series are caused by
(a) Lockouts & strikes
(b) Epidemics
(c) Floods
(d) all of these
The average heart rate for Indians is 72 beats per minutes. To lower their heart rate a group of
25 people participated in a aerobics exercise program. After 6 months the test statistic is found
to be -2.3077. As per t-distribution test (of 5% level of significance), what can you say about
the effectiveness of the program?(if t24(0.05)=1.711)
(a) effective (b) not effective (c) cannot say (d) none
Assertion (A): If the nominal rate of interest is 12.5% & the inflation is 2%,then the effective
rate of interest is 10.5%.
Reason (R): If the interest is calculated only at the end of an year, then the effective rate of
interest is same as the nominal rate of interest.
(@) ()  (b) (i) (c) (i)  (d)(iv)
Assertion (A): If the mean and standard deviation of a binomial distribution are 12 and 2
respectively, then the value of its parameter q is 1/3.
Reason (R): The mean and standard deviation of a binomial distribution are np and npq
respectively.
@@ G @G (@)
SECTION - B

Sonia borrowed Rs100000 from a co-operative society at the rate of 10% p.a. for 2 years then
find EMI using flat rate method.

IfA= [i g] . find AadjA).

OR
0 -1 28
Find value of 2a+3b—c,if A=|a—-8 0 3b] is a skew symmetric
—-c+2 2 0

matrix.
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23

24

25

26

27

28

29

30

31

32

33

Two tailors, A and B earn Rs300 and Rs400 per day respectively. A can stitch 6 shirts and 4
pairs of trousers while B can stitch 10 shirts and 4 pairs of trousers per day. To find how many
days should each of them work and if it is desired to produce at least 80 shirts and 32 pairs of
trousers at a minimum labour cost. Formulate this as an LPP.
A person has an initial investment of Rs50000 in an investment plan, after 2 years it has grown
to Rs60000. Find his rate of return.
Pipe A can fill the tank 2 times faster than pipe B. If both pipes A and B running together can
fill the tank in 24 minutes, find how much time will pipe B alone take to fill the tank? OR
Find (486+729) (mod 12).

SECTION - C
The volume of a spherical balloon is increasing at the rate of 3 cm?®/sec.Find the rate of change
of its surface area when its radius is 2 cm.
The value of a machine purchased two years ago, depreciates at the annual rate of 10%. If its
present value is Rs97200 find (i) its value after 3years (ii) its value when it was purchased.

dx
Evaluate I (reise”
OR

x34+x+1
x2—1

Evaluate [ dx

A population grows at the rate of 10% per year. Using differential equations,find how long does
it take for the population to grow 4 times?

OR
The demand function p for maximizing a profit monopolist is given by p = 274 — x> while the
marginal cost is 4 + 3x, for x units of the commodity. Using integral find the consumer surplus.

Using Cramer’s rule solve 2x + 3y -10 =0, x + 6y —4 = 0.

10 years ago, Mr Sahib set up a sinking fund to save for his daughter's higher studies .At the
end of 10 years ,he has received an amount of X 10,21,760 .What amount did he put in the
sinking fund at the end of every 6 months for the tenure ,which paid him 5% p.a. compounded
semi-annually ?(Use (1.025)*°=1.6386

SECTION - D
A random variable X has the following probability distribution:
X 0 1 2 3 4 5 6 7
P(X) 0 k 2k 2k 3k K? 2k? Tk+k
Determine:(i) k (ii) P(X<3) (iii) P(X>6) (iv) P(0<X<3)
OR

If the probability that an individual suffers a bad reaction from injection of a given serum is
0.001, determine the probability that out of 2000 individuals (i) exactly 3 (i1) more than 2
individuals will suffer from a bad reaction. (use e2 = 0.1353)

The cost of manufacturing of certain items consists of Rs1600 as overheads Rs30 per item as

2
the cost of material and the labour cost % for x items produced. How many items must be

produced to have a minimum average cost?
OR
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34

35

36

37

A company produces a commodity with ¥ 24000 fixed cost. The variable cost is estimated to be
25% of the total revenue recovered on selling the product at a rate of X 8 per unit. Find the
following:

(1)Cost function (ii) Revenue function (iii) Breakeven point.

One kind of cake requires 300g of flour and 15g of fat, another kind of cake requires 150g of
flour and 30g of fat. Find the maximum number of cakes which can be made from 7.5kg of
flour and 600g of fate, assuming that there is no shortage of the other ingredients used in the
making the cakes. Make it an L.P.P. and solve it graphically.

Using properties of determinants, prove that:

y+z z y
z zZ+x X | =4xyz.
y x x+y
SECTION - E

CASE STUDY -1
Susy is rowing a boat .She takes 6 hours to row 48 km upstream whereas she takes 3 hours to go
the same distance downstream.

Based on the above information, answer the following questions.
Show steps to support your answers.
a) What is her speed of rowing in still water?
b) What is the speed of the stream?
¢) What is her average speed?
OR
The stream is flowing at the speed of 4 km/h. If Susy rows a certain distance upstream in 3.5
hours and returns to the same place in 1.5 hours, then find the speed of Susy's boat in still
water.

CASE STUDY 11
The following data shows the percentage of rural Indians who have a high-speed internet
connection at home.

Year 2001 2002 2003 2004 2005
Rural 3 6 9 16 24
Based on the above information, answer the following questions.

e 7 11 rural aréasia

b >
h

Show steps to support your answers. ) e—
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a) Use method of least squares to find the best fit trend line equation for the rural Indians.
Show the steps of your working.

OR

Demonstrate the technique to fit the best- suited straight line trend by the method of 3-years
moving averages.

b)What is the forecast for the year 2006 for rural group using trend equation.
c¢) In which year the speed of internet connection in rural will be 37.6%.

38 CASE STUDY — 111
The binomial distribution with parameters n and p is the discrete probability distribution and is
given by p(X=r) =}Cp"q"" ,r=0, 1, 2,.....n, p,g>0 such that (q+p)" =1

A fair coin is tossed 6 times and getting head is considered a success .Based on the information
,answer the following questions:

(a) Find the values of parameters of this binomial experiment.
(b) Find the value of P(X=0).
(c) Find the probability of getting exactly 4 heads.

OR

In a binomial distribution ,if n=5 & P(X=0)= % then find the value of P(X=3),
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SOLUTIONS
SAMPLE QUESTION PAPER - 3(2025-26)

APPLIED MATHEMATICS
CLASS: XII
Ans-1 (c)
Ans-2 (d)
Ans-3 (d)
Ans-4 (b)
Ans-5 (¢)
Ans-6 (a)
Ans-7 (b)
Ans-8 (d)
Ans-9 (b)
Ans-10 (d)
Ans-11  (a)
Ans-12  (d)
Ans-13  (b)
Ans-14  (¢)
Ans-15  (d)
Ans-16  (¢)
Ans-17  (d)
Ans-18 (a)
Ans-19 (b)
Ans-20 (a)
Ans-21 EMI = P+Pni
B 10(?000(1 +24x=2-)
24
=5000
Ans-22 5 3 ] 5 3|2 -3 -2 0
A=z 5l A(adJA):L 2}{—4 5 } :[ 0 —2}
OR

Since matrix is skew symmetric therefore a=9,3b=-2 & ¢=30
Thus 2a+3b-c=-14

Ans-23  Let number of days for A and B are x and y respectively
Z =300x + 400y
Subject to constraints
6x + 10y> 60
4x + 4y >32
X, y>0
Ans-24  Given current value of investment =% 60000 & cost of investment =350000
Therefore Rate of return =(60000-50000)/50000=20%
Ans-25  Let time taken by pipe B is x min. and pipe A is x/2
Thus = +2 ==
X X
|
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On solving, x= 72 min.

OR
(486+729) mod 12=6(mod12)+9(mod12)
=15(mod12)=3

Ans-26 dr 3

Given ﬂ =3cm’/sec = — = —
dt dt  4mf
ds dr

— Now — = 8ar — = 3cm?/sec
dt dt

Ans-27 P =97200, r=10%p.a., 1=0.1
(1) Value after 3 years=P (1-1)"
S =97200x ( 0.9)
S =70858.80
(ii)  Present value = value 2 years ago(1 — 0.1 )
97200 = P(0.9)?
P =120000
Ans-28 dx

(1+e*)(1 +e )

. J- eXdx
(1+ex)2

= f%,wﬁeretzex + 1 and dt = e*dx

t

-1
= +C
1+e*
J-x3+x+1

x2—1

=[x+

2x+1
x2—1

2 —
dx=%+ log I x* I+2 log|x—1 +C
2 2 x+1

dx =[x+
2x + 1

x2—1  x2-1

dx

Ans-29  Let P, be the initial population & P be after t years .

dP 1 1
ATQwehave—=—P=>logP=Et+c&att=O,WehaveP=P0

dt 10
P 1
=>c=logP0=>logP—0=Et _______ (1)

ATQ ,again we have P = 4P,

=t = 10log4 = 20log?2 years .
OR

P=274-x’
R =px =274x - x>
dR/dx =274 - 3x?
MR =4 + 3x
In profit monopolist market MR = dR/dx
4+ 3x =274 - 3x?
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X=-10,9
Xo=9, po =193

CS=[ 274 — x* dx=193x9
CS =486

Ans-30 _12 3|_{ra_
D 1 6 12-3=9

_ |10 3

Di=1y, ¢

=60-12=48

2 10
D2—|1 6|—12-10—2
x=22=16/3,y="2=1/24
Ans31 | n=10x2=20,5=10,21,760, i = -—=0.025, R=?

. 00
S =R (1+:i} —1]

(1+0.025)2%=1
6386 ]
=1021760 = R [ =21
0.025

SR mznﬁuxu.uzﬁ]
- 0.6386

= R =340,000
Mr Mehra set aside an amount of X 40,000 at the end of every six months

=1021760=R |

Ans-32 A random variable X has the following probability distribution :

X 0 1 2 3 4 5 6 7
P(X) 0 k 2k 2k 3k K? 2k? 7k>+k
Determine:(i) k  (i1) P(X<3) (ii1)) P(X>6) (iv) P(0<X<3)

we know that > P(X)=1,10k® + 9k =1:>k=%

. 3
(”)P(X<3):3k:ﬁ
T
(i)P(X>3) = Th? +k =~ -

(iv)P(0<X<3)=3k = %
OR
Here A=np =2000x0.001=2
Ne? 22
rr

(P(X=3)= 23; -0.180
(ifP(X>2)=1— P(X=0)+P(X=1)+P(X =2)} =

=1-5e72=0.323

P(X=r)=
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Ans-33  Cost of x items = 30x
Overhead cost = 1600
Labour cost = x%/100
Total cost = 1600 + 30x + (x%/100)
AC = C(x)/x = (1600/x) + 30 + (x/100)
dAC/dx = (-1600/x?) + 1/100
d’AC/dx? = 1600(-2)x> = 3200/x> > 0 at x = 400
AC is minimum at x =400

OR

Let x units of the product be produced &sold. As the selling price of one unit is Rs 8,r
= 8x
(i) = the variable cost is 25% of the total revenue recovered ,thus V.C.= Rs 2x
& fixed cost is 24000 .~ Cost function C(x) = 2x + 24000.
(ii)Revenue R(x) = 8x
(iii) At breakeven points ,R(x) = C(x) = x = 400

Ans-34 Letxandy be the number of cakes of first kind and second
kind respectively. Maximize Z=x+y
Subject to constraints 300x + 150y <7500, 15x + 30y <600, x,
y=0
Maximum value of Z at B(20, 10) is 30

Ans-35
y+z z y
z zZ+x X | =4xyz.
y X x+y

Using Ry = R, — (R, + R3) ,we get
0 —-2x —2x
z z+x X

y X x+y
Taking out 2 common from Ry & Using R, - R, + R;{ & R; = R3; + R, ,we get

0 —x —x
2 |lz =z 0
y 0 vy

Taking out common x,y &z from Ry, R, & R; & then expanding we get A = 4xyz
Ans-36 a) Let the speed in still water be x km/hr & that of stream be y km/hr.

Thus boat speed in upstream is = (x —y) km/hr
& speed in downstream = (x +y) km/hr
Using Formula distance = speed X time,wegetx+y=16,x—y =28
Solving both the above equations we get x = 12 km/hr ,y = 4 km/hr
Speed in still water is 12 km/hr and speed of stream is 4 km/hr.

b) 4 km/hr

¢) Total distance coverd = 96 km & total time taken 6hrs + 3 hrs = 9 hrs

p J - total distance covered 96 10 2 hrs = 10.66 km/h
- Avg speea = total time taken 9 3 o= i
OR
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Ans-37

Ans 38

Distance covered is same in upstream and in downstream , assume that speed of boa
still water be x km/hr .Then using again ,distance = speed X time formula
,we get 3.5(x —4) = 1.5(x + 4) = x(speed of Susy boat in still water ) = 10 km/hr.

a)
Year |Y X X? XY
2001 3 -2 4 -6
2002 6 -1 1 -6
2003 9 0 0 0
2004 16 1 1 16
2005 24 2 4 48
a=>Y/n=52/5=11.6
b=YXY/¥YX*>=52/10=5.2
OR
Year Y 3-year moving average
2001 3
2002 6 6
2003 9 10.3
2004 16 16.3
2005 24

b) Yao0s = 11.6 + 5.2 (2006-2003)= 27.2%
¢) 37.6=11.6+5.2x

X=5

In 2008

1
a) Parametersaren = 6 &p = >

1\° 1
b) The value of P(X = 0) means no success in 6 attempts = °C,q° = (—) =—.

2 64
15
¢) The probability of exactly 4 successes = °C,p*q? = o
OR
Ifn=5&P(X=0)= 5Coq5 = oo g =2,p ==
5. 3 g 2\* 1\ 40
Therefore P(X = 3) = °(C3p°q =10x<§) x<§> =m
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