Question Bank

CLASS 12™
MATHEMATICS

Unit -3 Part -2 (Application of Derivatives)

Assertion-Reason Questions
Instructions:
Select the correct option for each Assertion-Reason question.
(A) Both assertion and reason are correct, and the reason is the correct explanation of
assertion.
(B) Both assertion and reason are correct, but the reason does not explain the assertion.
(C) Assertion is correct, but the reason is incorrect.
(D) Assertion is incorrect, but the reason is correct.

e -
1. 9AF 9T H TS FUA(A) 3R T FROT (R) e am=r &)
2. 39T Gl HYUaAT T HAEdS TIRINUT dleh HET 3 AT TAT el 8
A)A3R REEr TEr g, 3R R, AT T cIE&dr T gl
B) A 3R R T8 & JfheT R A Fr T8 =arear g Tl
C) AT &, Afhel RaTeld B
D) AT §, ofeheT REET &1

Q1. Assertion (A) : If for a function f(x), f'(x) > 0 for all x, then f(x) is an increasing
function.

FUT: I frdY BeleT f(x) & T £(x) > 0 THY x & TIT T &Y, al f(x) Teh THHTT BoleT

(increasing function) BT g |

Reason (R) : If the derivative of a function is positive at a point, then the function is
increasing at that point.

hROT: e, el BefeT T 3deherol fohdll foig TX ereiTcareh g1, it a8 Helel 39 fig
AT BT gl

Q2. Assertion (A) : If the second derivative of a function f''(x) > 0 at x = ¢, then there
is a local minimum at that point.

HeT: Ffe; TR hefeT T GERT 3Tdehelsl £(x) > 0 Fohdl fdg x = c R AT &1, AT 3H
@WFWW (local minimum) g1

Reason (R) : f'(x) > 0 means that the curve is concave up at that point.
HROT: f'(x) > 0 Blet T 31 & foh Tk 39 faig OX 37arciel (concave up)

Q3. Assertion (A): If f'(x) = 0 at a point, then that point is an extremum.

HeT: Ffe; TR hefet f(x) T TUH 3dehers] [ (x) = 0 ToheT foig TX 8, ar ag feig @
ﬁlg (extremum) g3
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Reason (R) : At an extremum point, the derivative of the function is zero.
hRT: TR feig T Belel T 3dehelsl Yo BIcT & |

Q4. Assertion (A) : If the derivative of a function is negative for all x, then the
function is decreasing.

FUA: Ie FAT Bold HT deddsl G x & U FHomcAs § o T8

SIIHATA (decreasing) Helel g9
Reason (R) : If f(x) < 0, then f(x) is decreasing at every point.
HROT: A £ (x) < 0, A f(x) T foig W GTAATT g
Q5. Assertion (A) : The second derivative test can be used to determine maximum
or minimum points.

hYeT: HTARAIH IT =GeTcdH foig T T 3T & FIT GER 3dehelol THETOT T 3T
foram ST FHAT S|

Reason (R) : If f'(c) > 0, then x = ¢ is a minimum point, and if f"(c) < 0, then it is a
maximum point.

HROT: ITE () > 0, Al x = ¢ W =geTct# foig gIelr &, 3R I £'(c) < 0, 7Y 31T foig
glaTg |

Q6. Assertion (A) : For f(x) = x® - 3x, the extreme values occur at x = 1 and x = -1.
FYe: f(x) = x> - 3x T IIH AT (extreme value) x = 1 Arx=-1 CIT?I?IT%I

Reason (R) : At an extreme value, f'(x) = 0 and checking the sign change verifies it.
HROT: TWH AT R £(x) = 0 T § 3R g aRacd=T 1 Jra & 38 Tcariad fowar Srar
gl

MCQs (1 Mark)

QL. Ay =« AT x & AUET y & URAdA T &I x = 2 W FIT 1IN

(Ify = x3 what is the rate of change of y with respect to x at x = 2?)

()12 (b) 10 (c)8 (d)6

Q2. FeleT f(x) = X2 - 4x + 3 & ToIU x T Died T HA 3 T v H TATT IWITT?

(For the function f(x) = x* - 4x + 3, which value of x ensures a decreasing function?)
(a)x<?2 (b) x> 2 () x=2 (d) P15 76T (None)

Q3. TTE f(x) = x* - 6x° + 9x + 5, T SHPT TAUTAIY 3 ehcTH Toig FITgIam?

(If f(x) = x3 - 6x* + 9x + 5, what is its local maximum point?)

(a)x=2 (b)x=1 ()x=3 (d) 1S FET (None)

Q4. T Ueh T T el oo s = £ - 6t + 9t + 4 @RI A TS B, At =2 R

ST JIT &I FAT 8?7

(If the position of an object is given by s =t - 6t* + 9t + 4, what is its velocity at t =
27)

(@o (b) 2 (c)3 (d) 4
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Q5. HeleT f(x) = x* - 3x” - 9x + 5 T TUTAIT wgeTcIH g FT gIm?

(What is the local minimum point of the function f(x) = x* - 3x* - 9x + 5?)
(@a)x=-1 (b)x=3 (x=1 (d) FI1S 76T (None)

Q6. Tfe fFEY BeteT & foIw £(x) > 0 &Y, Y I8 Wl hdT g7

(If f'(x) > O for a function, what can be said about the function?)

(a) EIE?IT§3-IT (Decreasing) (b) EE?IT§3-IT (Increasing)
(c) T®UX (Constant) (d) F1S FET (None)

Q7. el Tt o TR cTd I & TorT Feam 3R Frg o1 31eTdTeT 7T g1amm?

(For a cylinder with maximum volume, what should be the ratio of its radius to
height?)

(a) 1:1 (b) 1:2 (c)1:3 (d) 2:1

Q8. e Ueh shuaiT &Y AITaTel Welel C(x) = x° - 6x* + 15x + 50 I, Al #geTcH AT & ToIT
X ST HIeT FIT gIAM?

(If a company's cost function is C(x) = x* - 6x* + 15x + 50, what is the value of x for
minimum cost?)
(@1 (b) 2 ()3 (d) 4

2 marks Questions

Q.No Questions

1 U a&q 1 3MAda V= mr?h §1 37 Bream r 3R 35ar$ h, a9 S @ g &,
ar dV/dt 7T &t o foTT Aeelt o1 1 9T &, ST r = 5 9, h = 10 A 3R
dr/dt = 0.2 9#1/&, dh/dt = 0.3 T /H|

The volume of an object is given by V = ir?h. If the radius r and height h change
with time, use the chain rule to find dV/dt whenr =5 c¢cm, h =10 cm, dr/dt = 0.2
cm/s, dh/dt=0.3 cm/s.

2 Teh &hell el 3¢UTG o [elT Hed p (F9F H) T q = 5000 - 20p T HIT T HHAT
F BT § | 3TUTG T TR 3T UTed Flel o [oIT p T AT AT HY |

A company faces demand q = 5000 - 20p for its product at price p (in rupees).
Find the value of p that maximizes the revenue.

3 Teh 3G h = 100 - 5t GHIHOT GaRT a0Td Sa1g & a1 FTRAT §, ST6l h HeX 7
FAS IRt AFS H AHT | 2 s & 91 3G T AT ATT I

Aball is falling with height given by h = 100 - 5t%, where h is the height in
meters and t is time in seconds. Find the velocity of the ball after 2 seconds.

4 Tk Gol GeFehod ATel Sofel Tl YA TH TG &TThel AT el o [T 38eh! =T
3R 37T & e o7 3TTTel AT hY e SHRT 3T V e g7 |

Find the ratio between the radius and height of an open-top cylinder to
minimize its surface area, given that its volume V is fixed.
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IfE f(x) = x3 - 6% + 9x + 15 &Y, AT Tg W@V Toh ST TATA TR 3R
AT ~ AT foig T gian|

If f(x) = x> - 6x* + 9x + 15, determine its local maximum and local minimum
points.

s frareT s 100 HieX F 913 & 1Y Teh ISR B TATe T J1oTell §715 & |
3TTHAH &TTHe UTed el & oIt W FI 18 3R FlsEs AT AL

A farmer plans to enclose a rectangular field using 100 meters of fencing. Find
the length and width of the field to maximize the area.

Teh TTeATeh R ITeINT GaT & 1T ST 6T &, Torerd sHeh! s 4 el /Aehs ey &
TG TET & | TEaR I AT TRAclel T &I AT Y ST F3dm 10 AT & |

A spherical balloon is being inflated, causing its radius to increase at a rate of 4
cm/sec. Find the rate at which the volume of the balloon is increasing when the
radius is 10 cm.

Teh TS o foheTR Teh TIE 1S 10 sﬂa@r"ﬁéwmﬁg‘é’%l Ife 2 Hrex F=m
ST 4 HITY/Aehs hl &I W TehTr TA37 U G el TET &, Al SHh! ST T olellS
A ST AT W &2

A streetlight is fixed at a height of 10 meters. If a person 2 meters tall walks
away from the pole at a speed of 4 m/sec, at what rate is the length of his
shadow increasing?

e, fohell Trax 1 3rg h #ex § 3R veh qdaetes 100 HieX H g R EsTg, ot
TAR T SIS o TGoT ohl &I AT Y ITS, TT8C HI0T (angle of elevation) 9fcf s
0.02 ¥RBIA R T AT @& |

If a tower is h meters high and an observer stands 100 meters away, find the
rate at which the height of the tower is increasing if the angle of elevation is
increasing at a rate of 0.02 radians per second.

10

T dTgell hl AT AU 3UTE hl ShIHT p X q = 800 - 5p I ATIT T HTHeAT HT
TET & | TR 19 & fIT p T AT AT Y e 3cdTesT SATeTd C = 200 + 2q &

A vehicle company faces demand q = 800 - 5p at price p. Find the value of p for
maximum profit if the cost of production is given by C = 200 + 2q.

11

A car is moving along a straight road such that its distance s (in meters) at
time t (in seconds) is given by s = t’- 6t"+ 9t + 2. Find the time when the car is
momentarily at rest.

Teh R Ueh TN AT I ol @I &, ST81 THAT t (Hehs H) TSR gl s (e #)
AT BT caRT T TS &: s = 3 - 6t% + 9t + 2| 3T THY T AT AT L
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39 $R &0 &7 O 2R En

12

The revenue R(x) from selling x units of a product is given by R(x) = 150x -
3x2. Find the number of units that maximize the revenue and confirm using
the second derivative test.

Teh 3G T x ST T Tashl & Ted TeTEd R(x) fAFaAfafld wetet gan fear
IATE: R(x) = 150x - 3x? | TURdA ToTEd & foIT x &7 AT AT Y JAT AT
3raehelot GETOT GaRT GedTiad &L |

4 Marks Questions

Teh S YT h 31c; T ATe  HHY o H1Y Ferel 16T & | I Fe 1 3w r(0) g1
IR TE T dr/dt =2 cm/sec BTG TETEY, A t = 3 Vhs G 3MITA  TRAcTeT T
&Y JTd IS

The volume of a solid metal sphere is changing over time. If the radius of the
sphere is r(t) and it is increasing at a rate of dr/dt = 2 cm/sec, find the rate of
change of its volume at t = 3 seconds.

Teh Q1 T 3TS 12 QoY 3R T 5 @it 81 i e & arefy s BT ex 10
cm?/sec &, A7 SToT TR & §Ga1 T &3 ATT T ST TedT T ITES 8 JT 8|

A cone has a height of 12 cm and a radius of 5 cm. If water is being poured
into the cone at arate of 10 cm3/sec, find the rate at which the water level is
rising when the depth of water is 8 cm.

Th YT of 31T 3cUTG T T i C(x) = 5x% + 10x + 100 T & &9 H Aol
T &1 TTE Tedeh 3cure; 1 Tsh! Fed 20 T &Y, Al HTAehcl# SITe 9T el &
T x T AT AT A

A company has modeled its product cost as C(x) = 5x* + 10x + 100 rupees. If
the selling price per product is 20 rupees, find the value of x that maximizes
the profit.

Teh herdY 7 Icuted FraT R(x) = 100 - 4x% &, ST8T x HATHT hr T&AT T eATAT &
fTRa Y for 31T &T 1 31ThaH e & fT fohde ST &Y 3TaeTehar
gt

In a factory, the production rate is given by R(x) = 100 - 4x% where x
represents the number of workers. Determine how many workers are
required to maximize the production rate.

Th ol I FUR I 3R W1 7 TET &, ST drel T 3318 50 Hie 3R dheyer A
aTfel 2 B wfcd Qs &1 Olel 3 TUR A 30 BT T gl T el & SR T 315
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gRade Sy eI AT |

A cable is being pulled upward, where the height of the pole is 50 feet and the
cable is moving at a speed of 2 feet per second. Find the rate at which the
height of the cable end is changing when it is 30 feet away from the base of
the pole.

6. TUeh TSh T HR T A Y S(t) = 3t% + 2t - 5 ATS [FATIATE | t = 4 hs T
R HI caied ITfd AT H<|

The speed of a car on a road is modeled as S(t) = 3t* + 2t - 5. Find the
acceleration of the car at t = 4 seconds.

7. Ueh cgfebd Ueh 20 Hie 3 afal & MY J ver & o Giaar &1 afe &Y 2
m/sec 3T IfT A G FTWETE, A ST & 3MUR T 15 mﬁTﬁE@'W@'ﬁ_ﬂ@'
Ifa AT F|

A person pulls a rope from the top of a 20-meter high tower. If the rope is
being pulled at a speed of 2 m/sec, find the rate at which the person's distance
from the base of the tower is changing when they are 15 meters away from it.

8. U o Ueh 39 TH T 9T 3T § 3R Uk egfFd 2 H /A Hrafa a @av g
G ST ¥&T & | Ife @at hr s 10 #HreX iR cafera i 3ars 2 Hiex g,  wors
Y SIETS S elel 3l &Y 7T Y Td ST @ U 5 HIeT g 8|

Alight bulb is fixed on a high pole, and a person is walking away from the
pole at 2 m/sec. If the height of the pole is 10 meters and the person's height
is 2 meters, find the rate at which the length of the shadow is changing when
the person is 5 meters away from the pole.

9. fordll 5 AT f3sdl & foIT ~geTdH TAg &%l AATd Y, [Sdent 3maast
500 cm® gY 3R 3TUR JATHR &7 |

Find the minimum surface area of a closed cylindrical container having a
volume of 500 cm® and a circular base.

10. Teh &1 60 foRalt/eieT i 1fa & ToT W 3R Tah 30° 0T R Teh TgTet R T &Y
g1 o7 T FEaTer FaTs ot &Y AT |

A train is moving at a speed of 60 km/h and climbing a hill at an angle of 30°.
Find the rate at which the vertical height of the train is increasing.

5 Marks Questions
1. T IaRT I A PelraT ST IETE AR 5EH Bearr a¢ Wl afe Bearr =3 4w
rsar &7 gefrex (dr/de= 2 Q#Hl/Ahs) B, A 58 THT ATV ol Je il &I 3Tl
FfFTI (V= (4/3)mr?)

A balloon is being inflated with gas, and its radius r is increasing. If the rate of
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change of radius is (dr/dt = 2 cm/sec) at r = 3 cm, find the rate at which the volume
V is increasing at that instant. (V = (4/3)mr?)
2. Wold f(x) =x° - 3x% + 2 h T x & fhg AT & fT Ig dear g IR wa gearg, I8

freRa #L|
Determine for what values of x the function f(x) = x* - 3x* + 2 is increasing and
decreasing.

3. Teh Gol &oh &l A V = 4x°h &1 QT B | T o A TAg &1l =Tt g1l h 3R
X o HEY Y AT I

An open tank has a volume of V = 4x*h cubic cm. Find the relation between h and x
when the surface area is minimized.

4. U AFATHR STATRI H UTAT STl o7 W8T ¢ Forgeht 3ams 10 e 3R 3mam s 5
Hrex &1 e areit 1 7808 4 Hiex W STel TR TG T &I 2 JHT/AHs 8, A 50 THT
TaAY o 3T T Jef& X AT HITST |

Water is being poured into a conical reservoir with a height of 10 meters and a base
radius of 5 meters. If the water level is rising at a rate of 2 cm/sec when the depth of
water is 4 meters, find the rate at which the volume of water is increasing at that
instant.

5. afe; ToReT a&c] T hIHAT P(x) = 500 - 2x B, STET x Tershl Y I1$ a&I31l hr Fean g, ot 39
fsig IR TroTEa T 3HTeIehcTa ATHT AT TSIV STgT Tt TR 8|

If the price of a commodity is given by P(x) = 500 - 2x, where x is the number of
items sold, find the maximum revenue and the value of x at which it occurs.

6. T dR I 100 TH TS & TTU &T ST 3 T SATAT & | Th 19T Y J37 & F9 7 3R
GEX Y el oh & H AIST ST § | G391 3R GeT & AiFATIT 81Tl Y w gl et b
I Tdes 19T T TS ATT |

A wire of length 100 cm is cut into two parts. One part is bent into a square, and the
other is bent into a circle. Find the lengths of each part to minimize the combined
area of the square and the circle.

7. Ueh € T AN THI & AL v(t) = 3t - 12t + 5 SART AT AT § | ATl Y. o a7 ey

T wIE IR ST aec wWrel

The velocity of an object is given by v(t) = 3t? - 12t + 5. Determine when the velocity
is increasing and when it is decreasing.

8. Teh delellhR d¢ f3ed &I el HAG &TThel 600 cm” & | SHeT AT 3 FarS o ofrer vt
WWWWWWH@W@TM closed cylindrical can has a total

surface area of 600 cm?. Find the ratio between its radius and height so that its
volume is maximized.

9. T HYell T oI L(x) = 50x - 2x> &, STGT x ST IS SHISAT T T&AT & | 31T h et o1eT
3R S ST Tl SHTSAT HY FEAT ATT F
A company’s profit is given by L(x) = 50x - 2x? where x is the number of units sold.
Find the maximum profit and the number of units sold at which it occurs.
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10. TR TAC e 7 T AT ST A 5T 5 cm 9T G AR A S5 W@ 139
W@ﬁﬁ%&ﬁﬁamﬁﬁumﬁw 10 cm &TI. The radius of a

circular shadow is increasing at the rate of 5 cm/sec. Find the rate at which its
circumference is increasing when the radius is 10 cm. C = 2mr

11. . R8T FoleT f(x) = x* - 6x + 9x + 15 & Fofe 3N §TH & TeTel AT AT Find the

intervals of increase and decrease for the function f(x) = x* - 6x* + 9x + 15.

12. . T Gol Sefel T AT r 3R 3018 h & | Fool el &7l 100 T JAT 8| 31Tersherar

3ITIAe & fov BT ik 3 ﬂlé AT HITAT| A cylinder with an open top has radius r

and height h. If the total surface area is 100 cm?, find the radius and height for
maximum volume. V = mir’h

13. Ueh 19 o16T H 9 W&l & | TG aA1a T 31fe 4 km/h § AR GRTHra1fear 2 kmy/h §, ar
XN & A AT T AT & TR T & AT SHITSIT S A1 7 ¥ 3 km G 8T

A boat is drifting in a river. If the boat's speed is 4 km/h and the current's speed is 2
km /h, find the rate of change of its position along the shore when the boat is 3 km
from the shore.

Case Studies
Case Study 1:

A manufacturing company produces cylindrical cans with a fixed volume of 1000 cm?. The
cost of producing the material for the can depends on the surface area. The company wants
to design the can such that the material cost is minimized.

te AT Fusr 1000 9HE & [T 3aaeT arel SR Bsd gardr &1 fBss &
T IR 3cured T IRIT 39% Tdg &Fhd W [FIR adr &1 e 3= & 59
IR fSlTSeT i Al ¢ fob Al oeTd g1 &l

Q. No. Question
1. (1 mark) T Teh Sofed T 3T 1000 JH3 g1 31 39T ams h 3 ik B=arr
T Y, A 3T T THHIOT FAT IIT?

If a cylinder has a volume of 1000 cm?® with height h cm and radius r cm,
what will be the equation for its volume?

2.(1mark) | 97T 3 Frol HeTg &TTthel I 3Hh AT & Hes A T Y |
Express the total surface area of the cylinder in terms of its volume.

3. (1 mark) | SgTcTH STt Tocl et o T P R 3wms 1 3e7dTeT AT HhifST |
Find the ratio of radius to height for minimizing the cost.

4. (2 marks) | F#HIEHIOT T Tgel 3R GEN 3dehorol TIETOT A gl hieh Iiee & foh AT

a-ZI(\HHJ:l glail |
Verify using first and second derivative tests that the cost is minimized.

Case Study 2:

A car is moving down a sloping road, and its velocity function is given by v(t) = 5t* - 20t + 30
where tis time in seconds. The driver wants to determine the time when the car reaches its
minimum velocity.
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Ush SR Sl dlell TSeh X AT FT 3R I Wl &, 3R 391 391 [ el
garr fear aram &

v(t) = 5t - 20t + 30, ST@T t AT (Hhs H) gl

leleh 380 FAY I TAUROT Tl gl § STd N I d97 7T H Fram|

Q. No. Question

1 FR 6T T o fIT Tl AT Y|

mark) Find the derivative of the velocity function.

2.(1 S T ATl hY sGATH el & [T AR HHY t FATT H |

mark) Find the time t at which the velocity is minimized.

3.(1 $H GHI W HR I eIl d drel fhefet grefr?

mark) Find the minimum velocity of the car at this time.

4. (zk) Tg el R gER 3asherst GLIeToT A fiey ST foh Ig wgeTca arer g
marks

Verify using first and second derivative tests that the velocity is minimized.

Case Study 3:
A cup of hot coffee is placed in a room where the surrounding temperature is 25°C. The
temperature T of the coffee at time t follows the equation:

T(t)=80e %1t + 25
The coffee is said to cool down fastest at a particular moment.

TUeh I P Pl HT Teh S H IWT ATdT § STaI IRAT T drgHTT 25°C B
FHI (TR DB T AT9HATA T el Fieor &1 360 #dm 8
T(t)=80e 01t + 25

gl AT ¢ [ fordl fadw o oX S &8 dir & 331 g gl

Q. No. Question

1.1 T & ATIHT IRATT &I Y AT el o folT FHHOT &l Iaehfoid HL

mark) Differentiate the equation to find the rate of temperature change of the
coffee.

2.(1 3 AT t ST AT AT Y ST ey 1 Mot &3 31fhad gram|

mark) Find the time t when the cooling rate is maximum.

3. (1k) SH GHY G DY T ATTATT fhdelT g1

mar

Find the temperature of the coffee at this time.

4.(2 Tg el 3R AR Tahorel YLIETOT &1 3UANT ieh Ig ety o foh Ig HTeehcrs
marks) of T3

Verify using first and second derivative tests that this is the maximum
cooling rate.
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