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About the Student Support Material

The Student Support Matenal (55M) for Class XTI Physics has been developed for the academic session
202627 under the ruidarice of Kendriva Vidvalaya Sanzathan (KV'S), Headauarters, New Delhy. The
responsibility for prepanng this matenial was entrusted to the KVS Zonal Institute of Education and
Trammng (ZIET), Mysuru.

To ensure quality, accuracy, and student-friendly presentation. ZIET Mysum collaborated wath
experienced Physics teachers from various Kendriyve Vidvalavas across different regions. Their
collective expertise has helped m developinz a comprehensive, well-structured, and exammation-
ontented resource for leamers,

The SSM has been prepared m accordance with the latest CBSE cumculum and assessment framework,
the National Education Policy (NEP) 2020, Competency-Based Education (CBE) prmciples. and
NCERT lsarming outcomes. It aims to strengthen conceptual understanding. scientific reasoning.
problem-solving skills. and the application of Phvaics in real-life situations

The matenal has been organized systematically to make learming engagmg and effectrve, Each
chapter generally includes:

« Infographics

» Important Definitions, Laws, and Formulae

+ Solved Numenical Problems

« Multiple Choice Questions (MCQs)

*» Asserbon-Reason and Casg-Basad Questions

» Competency-Based Questions

» Short and Long Answer Questions

* Practice Exercises and Revision Matenal

Special Features

+ Sumple and studeni-friendly languase

v Emphasis on conceptual clarmy and scientific thinkme

' Step-by-step solutions to numerncal problems

+ Real-life applications of Physics concepts

v Competency-hased and examination-onented queshons

v Lomcal and svatematic présentation of content

This Student Support Matenal serves as both a study guide and a leaming companion. It encourages
inquiry, cancal thinkie. and independent learmung while helping students prepare effectively for
classroom assessments and exammations. Regular use of this material will help leamers develop
cenfidence. strengthen thetr conceptual foundations. and achieve academic success m Phvsics.

We hope that this collaborative effort by KVS ZIET Mysuru and participating Physics teachers will
significantly benefit students and contnbute 1o their academic growth and scientific temper




How to Use this Student Support Material (SSM)

Welcome to the Student Support Matenal for Class XTI Phystes. This resource has been
carefully designad to help vou understand fimdamental concepts, strengthen problem-selving
skills, and prepare effecuively for school examinations and firture competitive pursuis.

Best Practices for Effective Leaming
To make the most of this matenial follow the steps ziven below:

* Build Conceptual Understanding: Begin by reading the concept notes thorouzhly and
focus on understandmg the phvaical principles rather than memonzing facts and formulas.

* Learn Keyv Definitions, Laws, and Formulze: Familianze yourself with inportant terms_
laws, principles, and mathematical relationships presented in each chapter

* Practice Numerical Problems: Solve the worked-out examples and numerical questions
regularly to develop accuracy, lozcal thinking, and confidence in problem-solving.

» Stremgthen Analyvtical Skills: Attempt competency-based, application-onented, and case-
studv quastions to connect Physics concepts with real-hife siuations.

* Revise Systematically: Use concept maps, infographics, and chapter summarnies for quack
revision and remforcement of leaming

» Evaluate Your Understanding: Solve MCQs. short-answer, and long-answer questions to

» Discuss and Explore: Engage 1n discussions with teachers and classmates to clanfy doubts
atid deepen vour understanding of concepts.

Versaule Usage

This SSM can be effectively used for:

« Daily Classroem Learming and Homework

* Umnit Tests and Penodic Assessments

» HalfYearly and Annual Examinations

* Revision and Self-Assessment

» Strengthening Foundanons for Higher Studies

Regular and sincere use of this matenial wall help vou develop concepiual clanty, scientific
reasoning, problem-solving abilmies, and confidence 1 Physics. Most importantly, 1t will
encourage viou to view Phvsics not merely as a subject but as a way of understandinig the
world around you

Happy Learmng and Beést Wishes for Your Success!
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MULTIPLE CHOICE QUESTIONS

For Aspirine DOCTORS

Q1. Two wdentical charged conducting spheres A and B have their centres separated by 3 certam

Q3

distance. Charge on each sphere 15 q and the force of repulsion between them is F A thurd
dentical uncharped conducting sphere 15 brought in corttact with sphere A first and then with
B and finally removed from both. New force of repulsion betwesn spheres A and B (Radu
of A and B are neglizible compared to the distance of separation so that for calculaung foree
between them they can be considered as point charges) 1s best given as:

NEET 2025
(3} 3F/ 3 (B)2E3 (c) 2F (d)3E'8

_ A thin spherical shell of radius R has charge Q spread uniformily over its surface. Which of

the following graphs most appropnately represents the electric field E(r) produced by the
shell mn the range 0 <1 <o, whete r 1s the distance from the centre of the shell?

(2) A graph showing E constant mside the shell

(b) A graph showing E=0 for r <K and E decreasing as | Fforr=R.

(c}A graph showing E mcreasing binearly inside.

{d) A graph showing E decreasing lineariy outside: NEET 2024

An electric dipole 15 placed at an ansle of 30° with an elecine field of intenstiy 2 = 10° N
C. It experiences a torque equal to 4 N m. Caleulate the masnrude of charse on the dipale,
if the dipale lensth 1s 2 em. NEET 2023

(a) S mC (b) 2mC (c}3mC (d} 7 mC

. A sphencal conductor of radius 10 om has a charge of 3.2 > 107 C distnboted umformly,

What is the magnitude of electric field a1 apuu:u 15 cm from the centre of the sphere-?
(2) 128 % 10" N/C (b) 1.28 = 10°N'T () 128 x 10°NC (d) 128 < 10°N'C  NEET
2020

Polar molzcules are the molecules: NEET 2021

(2) having a permaneént electne dipole moment

(b) having zero dipole moment.

(c} acquire a dipole moment only in the presence of electnic field due to displacement of
charges:

(d) acquire a dipole moment only when mamnetic field 15 absent

For Aspiring Engineers

_iG1ven below are two statements:

Statement - H the net positrve charge of a closed surface is zero, then the get electnc flux
through the surface 15 zero.

Statement II: If the electric flux through a closed surface 15 zero; then the net charee mside
the surface must be zero.

Choose the comect answer JEE Main 2023

{a) Both Statement T and Statement IT are trus,

(b) Both Statement I and Staternent 11 are false

(c) Statement I is true but Statement IT is false.




() Statement 115 false but Statement T1 15 true.

Q7. Apomnt charge of 2 1C 15 placed at the center of a cubic Gausstan surface of side 10 cm. The
net electric flux through the surfacs15: (20 =8.85 = I C° N w3

(a)2.26 < 1F Nm¥/C (b) 1.13 = 1°F N m'C
(e}4.52 % 1 Nm*'C {d) 0.56 = 165 N m#/C JEE Main 2022

Q8. Three charges +Q, g, = are placed respectively at distance 0, d'2 and d from the onzm on

the x-axs If the net force on —Q placed at x =0 15 zero. then the value of g 15!
JEE Main 2020

@4  (B)-Q2 (©-Q4  (@-Q2

Q5. An ‘electric dipole is formed by two charges —q and -g located at (0.0.d) and (0.0.-d)
respectively. A third charge +Q 15 kept at (L.,0.0) where L == d. The force on the charge —Q
15 proportional to; JEE Adv 2023
(a) 1L (b) 1L () 114 L

Q10. (Multi-correct): A disk of radius R with uniform positive surface charze density o ts placed

on the xv-plane with center at orimn. The Electnic potential V and electnc field E at pomnt

(0,0.2) are given. TR — ¢, then JEE Adv 2022
(a)E=o 2 (b E=0o &

(c}V 15 proportional to 2 (d} V 15 mdependent of 7
For Practice

Q11. Two wdentical pout charges are placed 1 a laboratory vacuum ata distance ¢ If a
technician moves them closer such that the new distance is exactly half of the original.
how does the electrostatic forcs of imteraction change?

(2} It reduces to one-fourth. (b) 1t reduces to half
(c} It increases to double. {d} It increases to four times:

Q12 Two charged metallic spheres are suspended n arr and expenence a force F. If the entire
setup s lowered into a tank filled with a special insulating o1l havine a dielectric constant K
= 4, the EW force betweertt the spheres will be:
(a) 2F {b) 4F {c)F2 (d)E4

Q13 A hollow sphenical shell used in a Van de Graaff generator 1s ziven a positive charpe of 10
uC. A student measures the electric field at the exact seometnic center of this 2-meter radius
sphere. The reading on the meter will be:

(a) Zero (b) 5 % 10° NIC (©20= I NC (4 10NC

Q14 An elecinz dipole (like a water molecule model) with charges £2 « 10 'C separated by 2
cm 5 placed 1n a uniform atmesphernic electric field of 5 * 10° N/C. The maximum torgue
expenienced by this molecule t© allen  sself wath  the figld s
(a)0.01 Nm (MOENm (1=*10Nm (d2=10°N-m

Q15 For a short electne dipole, the electric ficld strenoth at a distant point P on i3 longitudina]
axs varies with the distance r from the center as.

(3) Ex e M Ex e () Eoce® (@ Ex 1P

Q16 If E axial represents the eleciric field of a short dipole at a distance d on ifs axis. and E
eguatonal represents the field at the same distance on 1ts broadside-on posttion. the correct
relationship i5:




(a) E axial =E equatorial (b) E axial =2 E equatonal
(c) E equatonial =2 E axsal (d) E axal = 1/2 E eguatonal

Q17_A wmy dust particle carries a charge q and 1s trapped exactly at the center of a cubical box.
According to Gauss's Theorem, the elecimic flux passing through only one of the six faces
of the cube 15:
@q'e ® e () 6a'ss (d) Zeto

Q18. Two small idennical metallic balls having charges q and — 2 are kept far at a separation ©.
Thev are brought m contact and then separated at distance t 2. Compared to the mial force
F, they will now - CBSE 2026
(a) attract with a force F 2 (b) repel with a fosce F/ 2
(c) repel with a force F {d} attract with a force F

Q13. In a region of space, electne field lines are observed fo be curved and their denuity vanes
from point to pemnt. This mdicates that the electric field in that region is:
{(a) Uniform m magmitode but varving i direction.
{b) Uniform m both maoniiude and direction.
() Non-amform n both masnitude and direction.
(d) Zero thronghout the région

Q20. Winch of the following 1= 3 fundamental property of electrostatic field lines that helps

distingoish them from magnetic field lines?
(b} They can cross each other 1 a strong field.
(c) They start from positive charges and end on neganve charges without forming closed
loops.
(d) They are always parallel to the surface of 3 conducior

Q1. New force = 3F/8. Ans: (d). Q2. Inside shell E = 0; outside E o 1. Ans: (b). Q3.q =2
mC Ans: (b), Q4. E= 128 x 10F N'C_Ans: (b). @5 Polar molecules have permanent dipole
moment. Ans: (2) Q6. Both Gauss’s Law statements are true. Ans: (a). Q7. Flux =226 =
10° Nom®/C. Ans: (3), Q8. g =—Q'4. Ans: {¢). Q2. Forca o 11 Ane (b). QI0, E constant,
V vanes boearly wath z Ans: (a) & (c). Qll_ Foree becomes 4F. Ans: (d). Q12 New foree
=F/4. Ans (d). Q13. Field inside shell = 0. Ans: (a). Q14. Maxinmm torque = 0.02 Nom.
Ans: (d), Q15. E « U Ans: (d), Q16 E_axial = 7E equatorial. Ans: (b), Q17. Flux per
fare = g/6es. Ans® (b). Q18. Final foree = F2 and repulsive. Ans: (b). Q19. Non-umform
field in both magnitude and direction. Ans: (c). Q20. Field lines start on positive and end on
negative. Ans: (c).
ASSERTION AND REASON QUESTIONS
In the following guestions, two statements are given —one labelled Asserion (A) and other
Iabeled Reason (R).
Setect the comect answer to thess guestions from the options as grven below
{z) If both Assertion and Reason are true and Reason 15 the correct explanation of Assertion
(b). If both Assertion and Reason are true but Reason 13 not the comrect explanation of Assertion.
{c). If Aszernon 15 troe bt Reason 1s false:




{d) If hoth Assertion and Reaszon are false

Q1. Assertion: If a pomt charge 15 rotated 1 a cirele areund a central charge, the work done by
the clectrostatc force1s zero.

Reason: The electrostanc force 15 a conservative force, and the displacement 15 alwavs
perpendicular to the force in a circular path.

Q2. Assertion: The electric flux through a closed surface depends only on the net charge
enclosed, regardless of the shape or size of the surface.

Reason; Gauss’s Law is based on the inverse square dependence on distance contamed m
Coulomb's Law.

Q3. Assertion: It 1= safer to be inside 3 car than under a tree dunne a3 lightrungs storm.

Reason: The metallic body of the car acts as 2 "Faradav Case,” ensunng the electric
potential mside remains zero

Q4. Assertion: An electnic dipole placed in a non-uniform electric field always expenences a
net foree and a net torgue.

Reason: In a non-uniform field, the forces on the oo charzes of the dipeole are unequal in
thaonitude:

Q5. Assertion: The surface charge density at the sharp pomted ends of a-conductor 1s lugher
than at its flatter portions. '
Reason: For a conductor of any shape_ the surface charge densiy 15 mversély proportional
to the radiss of curvatore at that point

Q6. ASSERTION: Ina nor-umiform electnc field, a dipole mav have translatory motion as well
as rotational motion.
REASON: In 2 non-uniferm elecine field, 2 dipole expeniences a force as well as torque.
Q6. ASSERTION: Gauss law 15 applicable only for symmetnic charge distribution.
REASON: In gauss law, electric field 15 due to only those charses whuch are present muide
~ the closed surface.
Q8. ASSERTION: A peunt charge qo1s kept outside a selid metallic sphere. the electne field
misyde the sphere is zemo.
REASON: Induced charge does not coniribute to electric field or potential 3t 2 orven point.
Q0. ASSERTION (A): No torque acts on an electric dipole when 1ts dipole moment 15 1o a
diraction opposee to the electric field
REASON (R): An electnic dipole is in stable squilibrium when placed n a umform electric
field vath its dipole moment opposte to the field
Q10. ASSERTION (A) : If a pomnt charge q 1s placed in front of an infintte ground=d conducting
plane surface, the powunt charee will experience a force
REASON (R): This force is due to the mduced charge on the conducting surface which is
at zero potentral
Answers of Assertion and Reason Questions

1. |2 3. 4. [5. 6. 7. 8. 9, 10

a a € b | a | & | d c € a

Exercise Assertion and Reason Questions

Q1. Assertion (A): The total amount of charoe on a bedy sgual 10 4X 107 C is not possible.
Reason (R): Expenmentally 11 s established that all free charzes are integral multiples of a
basic unit of charge denoted by e Thus. charge g ona body s always sven by g = ne

Q2. Assertion (A): The Coulomb force between two points charges depends upon the dielectnic

FTET ATV SO0 DT T 0L T




constant of the intervening medium.
~ Reason(R): Coulomb’s force vanes iversely with the dielectnc constant of medium.
Q3. Assertion (A): An slectron with velocity “v' enters a umiorm electrie field, it tends to move
along the direction of electric field.
Reason (R): An electron at rest in a uniform electric fisld never experiences a force
Q4. Assertion (A): When 2 charged comb run through dry hair and taken near a paper, molecules
111 the paper gets polanized resulting i net force of attraction
Reason{R): A comb run through one’s dry hair antracts small bits of paper.
Q5. Assertion (A): Electrostatic fotce 15 conservative in nature.
Reason (R): Electric filed lines do not form closed loops
Answers of Exercise Assertion and Reason

1. [A E3 | A | 3. D | 4, | B | 5. | B

VERY SHORT ANSWER TYPE QUESTIONS
Q1. A sphenical balloon carmes a charoe that 15 uniformby

distributed over its surface As the balloon 1z blown up and i

increases m size, how does the electne flux come out ofthe

surface change? Give reason S =
Q2. Find ratio of electnie flix through the surface S; and S; as

shown m houre L

Q3. Two small balls. sach wath a charze Q. hang from the same
pomt by msulating stings of length L from a fixed suppert. Consider the setup 1n a region
of zero gravity and in equilibrium.
(@) What will be the anzle between the two stiines?
(b) What will be the tension 1n 2ach of the strings?

Q4. A thundercloud camies a charpe of =50 C at a height of 4000 m and a charge of -50 Cata
heioht of 2000 m from the ground. An awplane crosses through the charged thundarcloud at
a height of 3000 m from the ground Find the maenituds and the direction of the electric
field actng on the airplane as its crosses throogh the charzed-up thindercloud.

Q5. Tweo chareed conducting spheres of radu a and b are connected to each other by a wire. Find
the ratio of the electnie fields at therr surfaces.

Q6. Why can two electnic fisld lines never cross each other?
Q7. What 15 the net flux through a closed surface comamme an slectne dipole?

Q8. How does the force between two pomnt charges change i the dielectne constant of the
medium betiveen them increases?

Q9. Define 'quantization of charge'.
Q10. Draw the electric field lines for a system of two equal negative charges




Verv Short Answer Type Questions — Hints and Solutions

Q1 The electnie flux remams unchansed Accordine to Gauss’s Law, flux depends only on the
net enclosed charge (@ = g/ss), not the size or radius of the surface.

2. The rano 5 -1:1 (or -1). Netcharge in $: ={Q = 3Q - 2Q — 4Q)=-2Q Net charzein 8=
Q-3Q-2Q)=2Q

Q3. (ayAngle: 180°. In zero gravity. the anlv force s electrostanc repulsion. pushing the balls as
far apart as possible. (b) Tension: T = (1 | 4w} * @ / (2ZLY. The tension balances the
repulsive force at a distanee of 21

Q4. The field masnitude 15 E = 5/ex (if treated as plates) or by calcnlating E,,., from both lavers.
The direction 15 downward (from the —30 € laver at 4000 m toward the —50.C layer at 2000
m},

Q5. The rano 1s b: 2 When connected, ther potentials are egual (V.= Ve = kawa=kgu b). Sinee
E =Vt the surface fields are inversely proportionsl to the radu (E.Es =ba).

Q6. If they crossed, at the pont of miersection, the field would have two different directions,
which 15 physically impossible.

Q7. Zero. Accerding to Gauss's Law, flux depends on the net charge; a dipole’s net charpe (—q—
q) 18 Zero.

Q9. 1t is the property by which all free charges are imtegral nmitiples of a basic unit of charge
(&), expressed as g=ne.

Q10. Sutiable diagram

2 Marks Questions

Q1. An electnic dipole of lensth 10 em having charges = 6 % 107 |, placed at 30° with respect to
a nniform electnic field, expersences a torque of 613 Nm Caleulate the masmitude of the
glectne field

Q2. Two point charses +30Q and -Q are fixed on the x-axis 3t 2 distance "3’ apant. Find the
distance of peint on the line joming them where the net electric field intensity zero?

Q3. The figure shows three powt charges kept at the vertices of tnangle ABC. vy
Find the net electne field, due to this system of charges, at the mudpoint M / N\
ofbase BC.  CBSE 2026 o A

Q4. A thin rod of length L of the umform mass density of U ke'm and lmear _, \L
charge density ). C'm 15 instially at rest A uniform elecinic field E 15 applied i._ ,; —
1 the direction perpendicularto the iensth of the rod. The rod bemns to move in the direction
of the applied electric field Determine the speed of the rod after it travels through | m of
distance. Ienore all extemal forces except the elestrostatic forces.

Q5. Plot a graph showmng varation of electne field 23 2 function f r > Rand r <R ( r bane the
distance from the centre of the shell

Q6. A point charge —q 15 placed at a distance d 2 directly above the center of a square of side d.
Find the maonitude of the slectnic flux throuzh the square.

Q7. Five wlentical charges +( are placed at five comers of a regular hexagon of side L. Find
the magnitude of the electnic field at the center of the hexacon.

Q8. Dﬂhnmnshbammapn!maﬂﬂam—palarmuleculenﬂh one example each.

Q9. An electrostatic field line 1z a contimuous curve: That 15, a field line cannot have sudden
breaks. Why niot?

Q10. Why mmnst the electric field be normal to the surface of every pomnt of a charped
conductor?
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Q3

Q10

2 Marks Questions -Hints and Solutions
Formula: 1=pEamfp=q»UA=6x1070C) (0. 1m)=6 10" Cm E=%/(p
£n30°) =6V3 /(6 % 107 % 0.5)=2V3 % 10* Vim.

For two opposiie charges —40) and —Q, the null point {(where Eae: = 0) lies ourside
the charges. closer to the smaller marnitude charge (—Q). k(3Q) (a —xF=kQx*2(a
+x)=Llx= 2x =3+ x = x—a The pomt 15 3t cistance a to the nsht of Q.

The fields from charges at B and € (both —g) at the midpoint M are equal and
oppeosite, so they cancel out Result The net field at M1s due only to the charge ~2g
at vertex A Erer= k{2q)'c’, where r 15 the altitsde of the triangle AN

Forca: F =gE = (0L)E Acceleration: a=F/'m= (JLE)(uL) = 2E/1 Equation of
Motionve =u+ 2as =3 v =2 » QEp) » 1) =V(%EW) m's.

Inside (r<=R). E=0.0utside (r > R) E & 1'F Graph® The graph
shows a jump from zero to maxmmum ai the surface (r = R) and
then a hvperbolic decay. .

Imagine the square as one face of a cube with side d. By svmmetry and Gauss’s
Law, total flux &= q & so flux throuzh one face s q/6e
A full hexazon with six charges would have zero field at the center. With one
mussmg the field 15 equal and opposite to the field that the soxth charge would have:
produced: E=kQ1". for a reqular hexagon, the radius of the cuter circle (the
circumradius) 15 exactly egual to the length of 115 sida.
Polar molacules have a permanent dipele moment (2.2 . H2O), while non-polar
moleciles acguire one ouly in an external field (e.g., O2)
Field hines represent the path of a2 test charge; since force acts contmpously m 2
field, the acceleration and path mmet be continuous. A break would imply the field
suddenly became zero and then reappearsd.
If 1t weren't normal, there would be a tangential component of the field wiuch
wiould cause surface charges to move (creating a current), contradicting the state of
electrostatic equilibrmam.

3 MARKS QUESTIONS

Q1. Two point charses g1 =25 = 107 Cand g2 =—2-5 % 107 C are located at pomts (0, 0. —
13 em) and (0, 0, 15 em) respectively Find - CBSE 2026
(a) The electnc dipole moment of the system: and
(b} The miagnitude and direction of electnic field at the anzm (0. 0, 0).
Q2. Two infinitely long straioht wires having linear charge densities - and 3. are held vertically
parallel to each other, distance r apart i free space. Find the nature and magnitude of the
force length exerted by one wire on the other CBSE 2026

Q3. A small hollow condocting sphere of radius ) 15 given a charge Q. It 15 surrounded by a
concentnic conducting sphencal shell of ioner radius 12 and outer radios 1z having charge —

3g If 3 pomt charpe 2q were kept at the centre_find: CBSE 2026
(1) the electnc flux through a roncentric spherical Ganssian surface of radins x for (1) x <
fcand (2)n<x <1
() Electnc field at a pomt distard x from the centre for (x> and (I <x<rx
(IIT} Surface charpe density on the mnvier surface of (1) sphere, and (2) shell.

Q4. (a) State Coulomb’s Law and express it n vector form.
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(b) Conzider three charzes a1, gz, g at the verfices of an equilsteral triansle of side L. Derive
the expression for the net electrostatic force acting on a charge Q placed at the centroid.

Q5. A pount chiarge q 15 placed at: (1) the center of a cube, (1) one comer of the cube; and (1)
the center of one face. Calculate the electric ﬂmtth:w&hﬁeeﬂnﬂcuh&andthrﬂu@ﬂch
.EaceﬁaraachcasﬂusmﬁﬁalmssLawanﬂmmm&n}r

Q8. A yniform electne fisld £ = E,i exists in 2 remon. Calculate the flux through a evlinder of
radius R and lencth I whose axis is paralle! to the field Show that the net flux s zero,

Q7. Derve the expression for the work done in rotating an electiic dipole from an ansle 8; 1o 8;
m auniform elecinic fizld E
Q3. Two laroe. thin metal plates are parallel and close to each other. On their mner faces, the
plates have surface charge densities of oppostte signs and magnitude 17.7 % 10~ /m°.
Calculate the electric field (2) in the outer region of the first plate, and (b) between the platss.
Q9. Using Gauss’s Law: show that the electne field due to 2 umformly charsed infinnte plane
sheet 15 independent of the distance from it
Q10. Two wdentical small pith balls, each of mass m and charge q. are suspended from a common
point by twe msulating strings of length | Tf the system s m equiliboum and the stongs
make an angle & with the vertical, denve the expression forthe charse g mterms of m. . g,
and 8.
3 Marks Questions -Hints and Solutions
Q1  a) Dipole Moment- p=q * 2a Since distance 15 from—IS emto—15em 23=30
=03m p=(2353> 107 x 0.3=7.5 = 10° C-m The direction 15 from negative
to positive (along the —z axis). (b) Field at Origin: Both charges are equidistant
from the prigm and have opposite signs. Ther fields at the ongm pomt in the same
duection Ene=2 * (kq &).
Q2 Fomula: F = gE where g= )], Use the field of one wire acting on the other:
F=h: 1 E: ==F/ I=h{2ki=r). Magmtode = (1 / Zrea) » (3457). Since the charzes
have opposite sians (—4 and 33, the force 45 attractive.

Q3 (DFluxFoarx<r:®=g enclosedee=2q6 Forn<x<nd=(2g+ Qe
(IIT) Surface Density (o): The mmer surface of shell () will have an mduced charge
of |{2g — Q) to cance] the internal field 6 = Charpe Area=—{2q ~ Q) ' 4n*,

Q4 Vector form: Fr= (1) 4mes) % (muaz © r°) iz Dhstance from each ventex to centrowd:
R =L"%3 Due to symmetry, the net force at centroid is zero.

Q3 C‘hargea.tcentﬂn Total fluxx =g 'ee. Flu through each face = q/Ges.
Charge at comer Flux through one cube = g/ 8 Flux throuzh each of 3 outer faces
= g 24 Charga at face center: Flux through one cube = g 2e

Q6 Left End Cap (2. ); The arsa vector A points left (-x), and vector E points nght
{=x). The angle 15 180%. =>(%, ) : = EpA cos(180°) = —E,(wR*) Right End Cap
(#.). Both the area vector 4 and E point night (+x). The angle 15 0°. = (€.): =
E A co5(0°) = +E,(nR*) . Curved Surfare (@, ) The area vector 15 always
perpendicular te the cylinder's axis (and the field). The angle 15 90° ($,): =
E.4 €05(90%) = 0.The total flux 15 the sum ofthese parts- @, =&, + &, + &
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Do = —Eo(mR*) + +E,(aR%) + 0 =2, = 0. Conclusion: The net flux is zero
because the number of field lines entering the cylinder equals the number of field
lines leaving it, meaning no net charge 15 enclosed q jua=0

Q7 dW=1df =pE sinfl db. Integrating from 6: to 8 W = pE(cost; — cosb:).

Q8 Ouierremion' E=0 Betwesnplates E=ga=2NC.

Q9  Usingacylndnical Gaussian surface: JTEA=g A 6o = E=02g. The ficld 15
mdependent of distance.

Q10 Force Analysis: At equilibrivm: Balancing Components:
Verucal: T cos 8 = meg. Honzontal: T sm 8 =F.. Combimng
Eguations: Dividing the two equations gives: an §=F.  mz. of %
Electrostatic Force: Fo= (1 4ne) * (g° ' %), whers the —T- e
Separation between the balls 15: r=21sin 8 Result Substituting '
F: and r into the tangent equation and sohving for g g = vi{16mne: F me sin’8 tan &)

CASE STUDY BASED QUESTION

Q1. Whenanelettm:drpﬂlenfthmgﬂsiqm&dlpalﬂmuﬂlﬂntplsplaﬁdmamﬁmdfmm
field alﬂmcﬁeldﬁmakmzmaﬂﬁieﬂmﬁthﬂﬁ' then two charges expenence equal and
n;:puﬂiefum-rqﬁ'nﬂi—qE.Ihﬂac_equalmdnp;mﬂtafmmacancﬂmhmhﬂL&ﬁmmu
forces are not collinear so a torgue acts on the dipole. Since the net force acting on the dipole 13
zero, no work 1s done i moving the slectric dipole in-a nniform alectric field, byt some work
will be done in rotating the dipole aganst the torque acting on it
t. Two charges —q and —q are located at points (2, 0) and (34, 0) on x-=us The dipale moment of
the svstem has mamnitude

{A) 2qa and 15 along —x-zus. {B) 2ga and 15 along —x-axis.

(C) qa and 15 along —x-axis: (D) ga and 15 along —x-axis
n Themagnmldecfﬂlfem:ﬁefdatacermm&mzaﬂ-:eﬁnmad:;mlecnmmusmE and at the
zame distance on the equatonal plane of the dipole1s Ez (EvEz )is

(2 B2 (©) 14 - (D4
1. The dimensional formula of dipole moment 15 —
(A) [£72A77] (B) [M*L*T*47] (€) [L*T4%] (D) [LAT2af]

iv. An electric dipole of dipole moment p is placed in a uniform electric fisld E. The torque
exerted by the field on lEE dipole at that instant 15 —

{A}Pam]leltabmhﬁeb"anﬁp fﬂ}Pﬁpcﬂdl(:!ﬂartuh:lthEamip

(C) Parallel to £ and perpendicularto p. (D) Pespendicular to £ and parallel to 7.

Q2. The Millikan's Concept

In 1909, Amencan physicist Robert A Millikan performed the famous oi drop experiment to
determunae the nature of electric charge In the expenment, tiny ol droplets were spraved batween
two charged metal plates. By carsfully adjusting the electric field. Millikan observad that the
charges on the ol drops were always whole-number multiples of 3 smallest value called the
elementary charze

This proved that elecinc charge 15 not connnuous but exists in discrete packets. This property 1s
kricwn as quantization of charge.

The slemientary charge 1s. e=1.6 x 107°C

Any charge can thefefore be wiitten as- g=ne; where n is an infeger (positive of negative).




Milhkan's a:[;ﬂmm also supported the law of conservation of charse, arconding to which the
total charze of an 1solated system always remains constant

: Which af the following charges 15 NOT posstble?
A)Lex 1072°C B)3.2x 1050 C) 24 x10-#C D48 x107v¢C
11. If an obyect has a net charge of +1 C, 1t has:
A) Gamed 625 x 10%% electrons B} Lost 6,25 x 10*F electrons
C) Gamed 1 electron D) Lost | electron
i The total charge of an 1solated system remains:
A) Zero B) Variable €) Conserved D) Quantized only dunne friction
v Quantization of charge can be 1onored at the macroscopic level because:
A) Charge becomes contimious B) Elementary charge e 15 extremely small
C) Newton's laws take over D) Gravity cancels thf_' charze
Q3. Dhelectmc Breakdown and Sharp Pomts
The electric field pear a conductor 15 given by E=g/ee For a given potential the surface charge
density o 15 nmuch higher at sharp points (small radius of curvature) than on flat surfaces. This
can lead to "Corona Discharge "
1. Why do lizhtnine conductors have sharp pomted ends?
A) To artract hightnmg more slowly
B) To create a hugh electnie fi=ld that 1omzes air and provides a path for discharge
C) To increase the resistance of the building
D) To look assthencally pleasing
1. The maximum electae field air can withstand before becomung 2 conductor is called:
A) Dielectric Constant  B) Dielectnic Strencth C) Pesmutuvity D) Polanzanon
u1 Ata sharp pomt, the radms of curvature r — 0. This mmplies the fisld E becomes:
A) Zzro B) Neglizible C) Very high D) Constant
iv. A spark 15 seen when a person touches 3 doorknob after walking on a carpet This 15 an
e le of
ﬂu?f‘aﬁ;m&m induction B) Electrostatic discharoe due to potemtial diiference
C) Current electricity D) Thermionic emission.
Case Study — Answer kev
Li Lii | Liii | Liv | 2.4 2.0 28 |20 |34 b A |3
b b d b a b ¢ b b b c b
5 MARKS QUESTIONS
Q1. {a) Define electric dipole moment Is it a scalar or a vector?
(b) Denve an expression for the torgue actmg on an electric dipole placed 1 a uniform
electne field.
(c} At what angle 1s the torque maximum and mimmum? Draw the diagram of onentation
of dipole 1n electric field.
Q2. (a) Derive an expression for the slectric field mtensity at any point on the axial line of an
electne dipole.
(b) How does the field vary with distance r for a short dipole (r == a)?
(c} Denve the expression for the electnic fiald mtensity at a pont on the equatonal plane of
an electric dipole.
(d) Show that for a short dipale, the field at an axial pownt istwice the field at an equatonal
pount at the same distance.
Q3. (a) State Gauss’s Law n electrostatics.
(b} Using this law, derive an expression for the electric field due to an infinitely long strmght




uniformiy charged wire.
(c) Plot 2 graph showing the vanation of E with distance 1.

Q4. (a) Dehine electne flux. Winte its ST onut.
(b) Use Gauss's Law to find the slectnie field mtensity due to a uniformly charged wfinite
plane sheet.
(c) Does this field depend on the distance from the sheet? Explamn

Q5. Using Gauss’s Law;, denive expressions for the electne field due to a uniformly charped
thin spherical shell at a pomnt-
(1) Onside the shell (r = R) (1) On the surface of the shell (r=R) (in1) Inside the shell (r <
R) Include the Evsr graph

5 Marks Question Denvation Hints
Q! | Dipole moment (p ) 15 a vector pomtng from —q to —q with magnifude: p=q * 2a
Diagram Draw two parallel lines for the uniform field E, an inclined dipcle at anzle
8. and show forces —gE and —aF acting mn opposite directions. Dervation Hint 1
Explan that net force 18 zero: +9E —gE =0. 2. Caleulate Torgue (t) =Foree
perpendicolar distance between forcas. 3. 1 =(gE) = (2a sinff=pE unfl
Max and Min Torgue:t= Gatﬂ'mdlﬁﬂ‘{aqu:hh:mm}ﬂt pE at 90°.
Q2 | Axial Line Hint (E o 1) Find the fields due to —q and —q at pomnt P on the zus.
Subtract the smaller field from the larger one. ResultE axial = 2kp @ for a shont
dipole Equatonal Line Hint- Use vector resolution. Thevertical components of the
fields (E sinf) cancel out, while the honzontal components (E cos#) add up. Result E
squseml = Kp/'r’. Diagram® For the equatonal line, show the vector addition formme a
resultant parallel but opposite top .

Q3 | Statement Total fhux through a closed surface i3 1/e times the net charge enclosed.
Diagram: Draw an infinitely long wire with linear charge denssty & Draw a
cvlmdncal Gaussian surface around 1t of radwis 1 and fength | Flux only passes
throush the curved surface becanse flux through flat ends is zero (B L dA),
Total Flux-$ = E = (2mtl). Enclosed charge: g = /1 Applv Gauss's Law: E(2arl)= 41
&= E=0 (Zngar).
Q4. | Definthien: Electnic Flux (@) 15 the total number of electnc field lines passing
through a surface. 51 Unit: N-m®'C. Gaussian Surface: A cylnder (pillbox) [:u.m:mg
:hrmxghtb:ahmtuuhm sectional area A at both ends. The electric field E is
ieular to the sheet Flux only passes through the two flat ends of the cylinder
& =7EA 3 Enclosed charse g =cA, where o 15 the surface charoe density.
According to Gauss's Law; 2EA=cA | &@=>E=¢ 2. Distance Facior The
electnic field 15 mdependent of distance 1 from the shest because the field 1s umform.
Q3. | Case 1- Oumside (r= R} Treat the entire charge as concentratad at
the center E={(1/ 4mea) » (g / rf). Case 2: Insyde (r<R): A
Gaussian surface inside the shell encloses zero charge. Therefore, by
Gauss's Law: E =0. Graph Include the graph showmmz E=0until r=R and then a
1/ decrease.
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CHAPTER 2

—— ELECTROSTATIC POTENTIAL AND CAPACITANCE —
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MULTIPLE CHOICE QUESTIONS
Q1 In a region electric field s given by E= 4%} N/C. The potential didference between points
Alx=11m) and B (x=3m), Vs-Va is given by: CBSE 2026 55172
(2) -16V () 16V (c) 8V @) 8V
Q2 From the figure miven below calculate the capacitance of the given combmation of
capacitors between pomnts A and B (Cr= Cz =C; =1 pF , Ca=2uF) JEE MAINS 2026

fa)2 W) 7/2 {c173 {(d) 32

(53 A point charge Lics at a distance ¥ from the midpoint o an. —';&T
glectnic dipole on 1ts axns. The electnic potentzl at 3 point P 1s proportienal 1o

@)’ (b) L% (e) L% (d) Lx**

(4 Ten capaciters, each of capacitance 1 uF, are connected 1n paraliel vo a source of 100 V. The
total energy stored in the system 15 aqual fo:

(a)y 1077 (b) 1077 (€) 0.5 %1077 (d)50x 1077
QS The diagrams below show the regions of equpotental. e b --l-u-
A positive charge 15 moved from A to B m each diagram then- . ~| >K
(a) Maximum work 13 required to move g n figure (c). u l

(b) In all the four cases the work done is the same. s N
{ciMvimmum work 13 required to move q m frgure (a), - |- ) j))
(&) Maximmum work 13 required o move g in fisure (b) ‘

Q6 Asshovm m ficure, A, B and C are cmc&mnc%ﬂﬂafmdmsa b and crespﬂcm‘ei'_r,
{a <b=¢) Thewr surface charge densities are | g, -G and g respectively }/__ﬂ

15 the elecinc potential EthEE‘iII’EiCE ﬂfﬁhﬂll‘!u ?
@ Z@bo O @b @Z0ad @b

Q7: Four charoes 1[3"!1.'::—1::10'“ = —3EII}'3 C and 2x10°° C are placed at Lhmftun'cnﬂl:ls ofa
sguare of side lm the potennal at the center of the sguare s -

(a) zero (b) 360 volt {c) 3602 volt (d) 180V

(8: The electrostatic force between the metal plates of an 1solated parallel plate capacstor C
having a charge ) and area A_ 15

{a) Independent of the distance between the plates (b} Linearly proportional to the distance
between the plates (¢} Proportional to the square root of the distance betwesn the plates
(d) Inversely proportional to the distance between the plates

Q9: A capacntor 15 charped by a battery. The battery 15 removed and another 1dennical
uncharged capacttor 15 connacted in parallel The total dlectrostatic energy of resulting system

{a) Increases by a factor of 4 (b) Decreases by a factor of 2

(c) Remains the same (d) Trcreasss by a factor of 2

Q10 A capacitor works as the charge storing device i

(DAC circuits ®DCcircuits  (¢) Both (1) &(2) (d)Neither (1) nor (2)

Q11_A uruform elecinic field pomntne in positive x-direction exists in a region Let A be the
origin. B be the pomt on the x-ax1z at x =— | om and C be the pomt on the y-axisat y=—1
cm Then the potentials at the points A B and C satisfy




@) Va<s\z B Va>Ve () Va<Ve (dyVa=Ve

Q12. Which statement 15 not correct for an equpoteatial surface?

(3) Eleciric field itensity 15 always perpendicular to the equipotential surface.

() Potential difference between any twio pomts on1t 1s zero.

(c) Equpotential surfaces are spherical im shape.

{d) Mo work 15 required to move a charge on an equipotential surface

Q13 An electron mass m and charge e travels from rest through a petential difference of V.
What wall be the final velocity of electron?

(a)ev () == © = @ ==

Q14 Four point charoes —Q, -0, 2g and 2Q are placed, one at sach comer of the square. The
relation between Q and g for which the potential at the centre of the square zero, 15

(@1Q=-q ) Q=— (€)Q=g (@ Q=7

Q15. A hollow metal sphere of radius 10 cm 15 charged such that the potential on 1ts surface

15 80 V. The ratio of potential 2t 3 distance Scm from the centre of the sphere fo the potential at
the surfare of sphere 1s

(a) 12 (b)) 21 (c) 1:1 (@) 14

Q16. There 1s one charged 1solated ar capacitor and U715 the energy stored in it Separation
between the plates of the capacitor 15 mcreased to double of the mital value Eneroy stored
becamies

(a) U2 (&) 2U () U3 (@) 3U

Q17. Four condensers are joined as shown m the figure and the
capacity of each condenser 15 8 uF. The equivalent capacity between

the points A and B will be: g =
(@) 16 pF (5) 8 uF — 3
()32 uF ()2 uF

Q18. A parallel plate capacitor 15 connected to a battery as shown in Fiz. Consider two
sttuations: A Kev K 15 kept closed and plates of capacitors are moved apart using insulating
handle: B: Key K is opened and plates of capacitors are moved apart using insulating handle
Choosz the comrect option(s). "

(2) Tn A - Q remains same but C changes. [ ]
(b)InB - V remains same but C changes. ‘— T
(e) In A V remains same and hence Q changes. | |
() In B - C remans same and hence V changes.

Q1% Two protoms 4 and B are placed in space between plates of a paraliel

plate capacitor charged up to V velts (See fig ) Forces on protons are Fu £ f
and Fg . then l: —
(a) F5>Fs (b)Fy<Fg -
(e)F2=Fs {d) none of the above

Q20. m small droplets of same size are charged to a same potenmial 17 If all of them combine to
form a single drop then potential of the single drop wall be
fa)jnV B Vin (c) >3V (dy '3V




ANSWERS

Q1 (2)Va-Ve=—J E.dx so potential diffetence=-2x" =-2(3-1°) =-16V

Q2 (a) C1 & C are parallel so 2uF _. This 2uF 15 m series mﬂi& So | gFnow this is m paralle]
with C: so final equivalent resistance 15 | pF+C:=2 uF

Q3 (b)For an electric dipole, the eléctric potential at a point on its axial line is given by V=kpx-
where distance between the charges 15 much smaller than the distance at which potential 15
to becalculated.
Q4 (d) Net capacttance = 10x | uF=10"F connected to 100V so total enerzy 15 T=1 2 CV 50
we get Sx10°7

Q35 (b)Work donew =gAV, AV is samein all the cases so work 15 dones wall be same 16 all the

C35ES.

Q6(d) Eleetric charge on shell A 15 qa=4na’c : Electric charge on shell A 1 qa=4nb'c

Elsctric charge on shell A s ge=dnc’o

Shell A 15 msice the shell B and C. 50 Va=— l’,’qrqu qe)

Q7 (c) Potential at the centre 15 :‘i;'=kq.—‘r : \f—— {E_un ~@nr et g ) =360V2V
Q8 (aFor 1solated capacitor Q = Constant © Fupe——— szmifg-mdﬂutqfthediﬂancebm
plates

Q% (b) Commeon potential = T.E-Inma]eﬂeﬂz:vt =1/2CV*  final eneroy Us % CVE 20 loss

of energy =12 CV: % CVI=4 CV* decreases by 2 factor of 2

Q10 B)DC circuits

Qll_(b_}E=—'3{-.Dﬁerﬁm.uffléthicﬁeldmhehthtdﬂediﬂnﬂfthed;ecreaa'tﬂgmderuf
electric potential.

Q12. (c) Shape of equipotential surface depenads on charge or dismbution of charges

Q13 (c}el =:m‘u‘ o v= =2
i)
Q14 (a)— g =t 221 Wy Q=w

dTE: H &mwEy & ATEs & 4=Es R

Q13 (c) Value of potential inside and on the surface of 2 charped sphencal shell 15 same
Q16.(b) As capacttor 15 150lated so charge on capacitor remains same

Neweapaciance C'=Zand V=2V

Hence, agwenergy U' =2U
Q17.(c) All capacitors are connected m parallel so .= O+ C+0, soC,,=32uF
Q18.(c) As ot 15 connected fo battery so V remains same but a5 capacitance chanpes so charge

changes
Q19.(c) As F =qE and value of electric field is uniform in the space between the plates

SoEa=Fs .
Q20.(c) total charpe Q = ng and R= n'?r. So V=n""V

PRACTICE QUESTIONS

1. If a charzed sphencal conductor of radws 10 cm has potential Fat a pomt 5 cm distant from
its center, then the potent:al at a pownt 15 cm distant from the center wall be:
(a) 3V ﬂ:}%ﬁ (c) EV (d) gv
2 A parallel plate air capacitor has capacttance 18 UF If the distance between the plates 15 made
thnce and a dislectric medium is imtroduced, the capacitance becomes 72uF. The dielecinc
constant of the medium 15




(@) 4 by o {c) 12 (d)2
3, Select the mcorrect statement

(a) Electric potential decreases inside electnic field if ane goes 10 a direction making an ancle
1ess than 90° with the direction of electnic field mntensity.

(b) Electric potential increases at the fastest rate if one goes in the direction of electric field
mtansiy.

(c) Electnic potential decreases at the fastest rate 1f one goes m the direction of electnic field

(d) Electric potential increases at the fastest rate if one goes in the direction opposite to that

of electric field.
4. A capacitor C; 15 charged by a potential difference Vi 25 shoum mn the figure. This charging
battery 15 then removed and the capacitor is connected to an uncharged by

capacitor C:. The final potential difference V' across the combimationis: | il
o) ovls) o) oW 1|
5. As per this diagram_ a point charge — ¢ is placed at the origin O. Work 'l el L
done m taking another point charge — O from the pomnt A [co-ordinates I
(0. 4] to another point B [co-ordmates (g, 0)] along the straight path AB

18 v
@zeo ®)(ZL)V2 @(EZH)E O )Va g

ANSWERS '
1C X o 3B 4¢ 5D

ASSERTION-REASON QUESTIONS
Selact the correct answer to these guestions from the codes (a). (b). (c) and (d) as ziven below:
(2) Both assertion (A) and Reason (R) are true and Reason (R) is the correct explanation
of Assertion (A).
(b) Both asserfion (A) and Reasen (R) are true and Reason (R) 5 NOT the correct
explanation of Assertion (A).
(c) Assertion (A) 1s true and Reason (R) s false.
(d) Assertion (A) 15 false and Reason (R) 15 also false
1. Assertion (A): Electnic field 15 always normal to equpotential surfaces and along the direction
of decreasing order of potential.
Reason (R): elactnic field 15 defined as nsgative gradient of electnic potential.
2 Asseriion (A): Electne field mside a hollow conducting sphere 15 zeto.
Reason {R): Charze 1= present only on the outer surface of conductor
3. Assertion (A): Werk done in movme 2 charge between any two points in a omform elecme
field is mdependent of the path followed by the charoe between these two points.
Reason (R): Electrostatic forces are non-conservate.
4. Assertion (A): Electrostatic potential and electric potential energy are two different quantities,
Reason (R): For a fest charme Q and a point charge Q, the elecinic potential energy becomes
equal to the potential
3. Assertion (A): When the distance between the parallel plates of 2 paralle]l plate capacitor 15
balved and the deelectnic constant of the dislectnc used 15 made three times, then the capacitance
becomes three times.




Reason (R): Capacitance does not depend upon the extemnal battery connectad.
6. Assertion (A): Ciroutt containme capacitors should be handled very carefully even when the
power is off
Reason {(K); The capacitors may break down at any time.
7. Assertion (A): Capacity of a conductor is independent on the amount of charse on 1t
Reason (R): Capacitance depends on the dislecmic constant of surrounding mediom_ shape and
size of the conductor.
§. Assertion (A): Two parallel metal plates having charpe —Q and —Q are facing at a distance
between them The plates are now immersed 1 kerosene:o1l and the electnc potential betwesn
the plates dacreasess,
Reason (R): Dielectne constant of kerosene o1l 1s less than |
9. Assertion (A): Two adjacent conductors of unequal dimensions, carrymz the same posttive
charge have a potential difference between them
Reason (R): The potential of a conductor doss not depend upon the charee srventot
10. Ascertion (A): Polar molecules do not have permanent dipole moment
Reason (R): In polar molecules; the centers of positive and negative charges comncide even
when there 15 no external field.

ANSWERS
1. Option (A) is correct : E=- 5_. So, the electric field is always perpendicular to equipotential
surface Neoative pradient of electric potential is electric field So, direction of electric field must
be i1 the direction of the decreasing order of electnc potential.
2. Option (A) is correct: Since no charge resides in the surface of 3 hollow sphere, the electric
field alse zero mside For hollow conducting sphere. the charoed reside on the surface only.
3. Opuon (C) 1s correct. . Work donis in moving a charge between any two points i 2 uniform
electnic field = charge ~ potential difference. So. 1t 15 independent of the path followed by the
charee. Electrostatic forces are conservative tvpe.
4 Option (C) 15 comect Electric poteniial and electne poteniial enersy are two different
quantities Electric potential 1s defined as the potential energy per unit charge. Hence V=PE. g
5. Option (B) is correct.  Inmmial capacitance € = C =222 o =322 g5 0. =60,

d 472
6. Option (C) 1s correct.  Even when power 15 off capacitor may have stored charge which may
discharge through human body and thos one may get 3 shock Breakdown of capacitors requires
hich voltage,
7. Option (A) 18 comect E=£‘;—‘.1nth£mifésiﬁn= there 15 no mvolvement of charge So,
capacitance is independent of charoe |t depends on permitivity of the sumoumding medium and
the area of the plats.
8. Option (C) is correct. Electric field for parallel plate capacitor inm::umnE=Eia_ Electric field

in dielectric E = -2 Sinre the value of K for Kerosene oil is greater than 1, then E'< E.

Kip

Dielecinc constant of Kerosene ail 15 greater than 1.
g Option (C) 18 correct.  Potential of a conductor depends upon charge and size of the body o
potential of both wall not be same.




10. Option (D) 15 correct.  In polar molecules centre of positive charpe does not coincide with
ceatre of negative charge so they have net dipole moment.
PRACTICE QUESTIONS

1. Assertion (A): A metal plaie is miroduced between the plates of a charsed parallel plate
capacitor, 1ts capacitance moreased.

Reason(R): A metal plate 15 mtroduced between the plates of 2 charged paraliel plate capacstor,
the effective separation between the plates 15 decreased

2. Assertion (A): Sensitive mnstruments can protect from outside electnical mfluence by
enclosing them in a hollow conductor.

Reason(R): Potential mside the cavity 1s zero,

3_ Assertion (A): The fizld intensity m between such sheets having equal and opposite uniform
surface densities of charpe become constant.

Reason(R): The field mtensay does not depend upon the distance between the thin shests.

4 Assertion (A): The electrostatic force between the plates of a charced isolated capacitor
decr=ases when dielectnic fills whole space between plates.

Reason(R): The elecine field between the plates of a charged 1solated capacitance increases
when dielectric fills whole space between plates.

5. Asseriion (A): Electne field mside a conductor 15 zero,

Reason{R): The potential af all the points mside a conductor 15 same.

Answers
LA 2 3A 4D 5B

VEREY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
Q1 Two points R and S are equidistant from two charges —Q and -2Q. Calculate the amount of
work done th moving-a charge —Q from point R to S. CBSE 2026 (55/5/3)
Q2 Tive puint charges - 2 jC and 3 uC are placed at (-30cm.0) and (30cm.0) respectively i an
external electnc field E = :—J- i where A=9x10° Nm*C™!. Find the electrostatic potential ensray
of the confizuration. CBSE 2026 (55/3/2)
Q3 A parallel plate capacitor of plate area A and plate separation d 15 completely filled wath two
dielectric slabs of diclectne constant Ky and K each of area A'2 Find the effective capacitance
of the capacitor. 358 CBSE 2026
Q4: (2) Draw electnc field lines and eqmpotential surfaces for a system of two egual positive
charges separated by some distance. (b) Using the drawings in (3) above. explain that electric
field need not be a constant over each point of an equipotennal surface. CBSE 35/2/3
Q5 Two arr filled capacitors C; -and C; are connected m parallel wath a: de battery: After the
capacitors are fully charged, a slab of dislecine constant K 1s mserted betwesn the plates of each
capacitor. How will thet) charge on each capacitor and ) eneszry stored m the capacitor affected
after the slab s mtroduced. CBSE 35/23

Q6 A parallel plate capacitor has a capacitance €. When it 15 half ' | 4
filled with a miaterial of dielectric constant K=5 25 shown in the [4] xes :
ficure. then calculate the percentage nrrease n the capacitance of | |

the capacitor. ITT JEE NLAINS 2026 |

FTET ATV SO0 DT T 0L T H




Q7 A paralle] plate air capacitor 15 connectad to a battery. The plates are pulled apart at 3 uniform
speed v If x 15 the separanon between the plates at any instant of the capacitor 15 then the ime
rate chanoe of the slectrostatic enerpy of the capacitor is propertional o x® Calculate the valoe
of o ITT JEE 2026
Q8: Obtamn an expression for electrostatic potential eneroy of a system of thres charges q. 2
and 3q placed at the veriices of an equilateral tnangle of side a.
Q9 Two smiall conducting balls A and B of radiss 17 and 12 have charges g; and g respectively.
They are connected by a ware. Obtain the expression for charpes on A and B, m equilibrium
Q10 Draw an equpotential surface for a system consisting of two charges Q, —Q separated by a
distanice r i atr. Locafe the points where the potential due 10 the dipole s zeso.

SOLUTIONS

1 work W=g(V=-Vz) 1’31=4:& {E‘—I— E_::‘Er}'}i; Ve=Vszso potential difference 15 zero and hence
work done 1s also zero.

2 V(=] Eodx=—[ 5. de=2; Umgn Vi) = qaVim o —=qulixe Ao
xi=x:=30cm _ and x1=60cm

So after substituting all the values we get U=8.557

3 S0l €= and e CoeCrrCy =2 Rt By, 1)

=4
W 2WE e

= -~ | =
5= % T

(Lo h})

s & , | (@) )
(b) Different pomnts on an squipotential surface might be at differemt distances from the source
charze 5o the electric field will not be constant at all pomts as shown n the diasram

5: In parallel combination the potential difference 1s same across the capacitors. On mserting
dielectne slab capacitance become K times, so charge becomes K times.

Enerey stored by a capacitor U=1.2 CV7_As capacitance becomies K times enerzy stored by each
capacttor also mereases by a factor of Kl dielectne constant)

6 Imitial capacitance: €= C=sA/d New capacitance = C2 (17K) . E=5{mven) 50 Can—=3C
change m capactance = 2C so changes in %=200%

7:0==% U=120V U=1272 VP so U e s Now dUrdt=dUrdx * dxdt do'de= velocity
Since Ua I'x so dUidx a x- hence alpha 13 proportional to x=

i GG £ [(==gh)
2 soll=

8: potential energy of the system s U= = g
9:According to law of conservation of charse | = gz gi- @r='gi- @2=Q. + { When two balls-are
cormectad with wire - V=V qr’;II 2 mdqrh and Q=q;- a»

s+ . .
lﬂ:Thtaqlﬁpﬂtmﬁaimnceﬁ}nhaxyﬁﬂnmaﬁﬁhmwnﬂffmcpmﬂﬂalis _-‘.',_, i
zeto at all points in the plane passins throush the dipole aquator AB. -




PRACTICE QUESTIONS
Q1. Figure shows the fizld lines on a positive charpe 1s the work done by a
the field in moving a small positive charge from Q to P positive or \'\r.,f "y
negative? Give reason =T
Q2. What 15 the amount of work done n moving a pont charze ) around / \H
acueular are of rades ‘1" at the centre of wluch another pomnt chiarge "g' 15
located?
Q3. What should be the charge on a sphere of radius 4 cm. so that when it 15 brought m contact
with another sphere of radius 2 cm carryme charge of 10 uC. thers 15 no transfer of charge from
one sphere te other?
Q4. A parallel plate 15 charged by a battery. When the batterv remains connected, a dielectnic
slab 1c mserted i the space between the plates. Explain what changes if any, occur in the valoes
of (1) Potennal difference betwesn the plates (1) Capacitance (1) Charge on the plates (1v)
Enefov stored in the capacitor?
Q3. A parallel plate capacitor of capacitance C 15 charzed to a potential V It 1s then
comnected to another uncharged capacitor havmg the same capacitance. Find ot the ratio
of the enerzy stored in the combined system to that stored mitially 1n the single capacitor

ANSWERS

1. The work done by the field i1s negative This 15 becanse the charge 15 moved against the force
exerted by the field
2 The potential of poims A 2nd B are same being equal to Va=Ve= — 2

FESES - o
:Where R 15 the radius of the crcle. Work done W=gq (V- Vil =g (Vi— "4
Vai=0 ‘h
3. Va= Vg, Hence Q=20pC
4. (1) When battery remains connéctad, the potential differerice remiamns the same

(11) The capacttance of capacitor increases as K> |, (1) The charee Q =CV, V=same, C=
increases: there, charge on plates increases (1v) Energy stored by capacitor increases.
(v} Electric field strength remams same.
5. Urr =12

SHORT ANSWER TYPE QUESTIONS (3 MARKS)
Q1 Two parallel plate capacitors X and Y are connected 1n senies to 26 V battery. They have the
same plate area and same plate separation but capacitor X has air between 1ts plates, whereas
capacitor Y contams a matenal of dielectnic constant 4.
(2) Calculate the capacitances of X and Y. if the eqgmvalent capanitance of the combimnation of
Xand Y54 uF

(b} Caleulate the potential difference across the plates of X and Y. (CBSE 2026 55/5T)
Q2 A 12 yF capacitor 1s charged to a potential difference of 150V The termunals of the charged
capacitor are then connected to those of an uncharged 6uF capacitor. Calculats the potentizl
difference and charoe on each capacitor -




Q3 A three coulomb charge moves from z point (0.-2.-5) to another point (3, 1, 2) in an eleciric
field given by E= 2xi +3v'j =4k N/C. Calculste the work done in moving the charge in this
distance, JEE Mains 2026

Q4 A metal sphere of capacitance 100pF 15 charged to a potentsal of 100V Another 1dentical
metal uncharoed sphere is brought in contact with the charped sphere. Caleulate the change in
energy stored in the capacitors when they touch each other (32 x 1077)

Q5 Five capacitors of capacntances G, =G =G =C= 10 yF and Cs =25 yF
are connected as shown, along with a battery of 50 V. Find the egqurvalent
capacitance and the charges on sach capacitor

Q6 a) Twelve nesative charges of same mammtinde are equally

spaced and fixed on the circumference of a curcle of radios R as "
shown in Fig_ (i) Relative to potential being zero at mfinity, find B ) u:ui-,_f"
L ..i"‘l J.-
i -

the electnc potential and electric field at the center C of the circle,
b) If the charges dre unequally spaced and fixed on an arc of 120° ==
of radus R as showm in Fig. (i), find electric potential at the
center C. CBSE 55/1/1
Q7 A parallel plate capacitor (A) of capacitance C 15 charged by a battery to voltaze V. The
battery 1= disconnected and an uncharged capacitor (B) of capacitance 2C is connected across &
Fund the ratio of

{3) Fmal charpeson A and B

(b) Total electrostatic energy stored in A and B mitially and energy stored 1n A mutially
Q8 Two point charges —q and q are located at points (3a_ 0) and (0, 4a) respectrvely mx-y plane.
A thard charge Q 15 kept at the ongin Find the value of Q. in terms of @ and a so that the
electrostatic potential eneroy of the system 15 zero.
Q9 Two 1solated metallic spheres 5) and 53 of radu 1 cm and 3 cm respectively are charged such
that both have the same charge density (27 x 10° C'm?). They are placed far away from each
other and connected by a thin wire. Calculate the new charze on sphere Sz

QI10. Three pomts A. B and C lie m a3 unifornm electric field (E) of S * 10° ~ —a
NC! as shown m the figure. Find the potential difference between (1)A g
and B, and (i) A and C. —— |

SOLUTIONS .
1: VC=1/C:=1/Cy prventhat Co=4 , and C=C, Gi=4C 50 C=5uF and Cy=3C =20uF Total
charge = CoV=24 x 10°C . Vyg/C=4 8 V & Vvg/Gy =12V

2: Common potential across both the capacitors = -h:‘—:_ﬁfh— N=0=0 V=100V,

Charge on C: , ¢=CiV=12 pFx100V=1200 uC and q:=C:V=5600 uC

3:W=[ Eidr={2xf +3y* ] + 4k .(dxi + dyj + dzk) . W=x—3"—4z evaluate this from (0,-
2.-5) to another pomnt (3.1,2) & we get W=1861.




4: Ans: common potential = V=30V, U=l 2 CVE =5x107J and T =25 x 107°]. Change in the

ety =25% 1077 €, =C,=C,=0,=10F
S:Ceq=25+25=3FE q=q=q=q=25x350=15 i
uC, ge=25x30=125 uC . €, =25

6z a) Electnic potential due to point charge V=kqR Valve of at

each charge = -g, Total charge =-12q Total potential V=k (- 50V

12q) R =-12g/4neaR . By symmetry the resultant of all electne field vectors becomes zero. So
electnic field 15 zero. (b) Electric potential 15 a scalar quantity and does not depend on placement
of charges Therefore V=12kgR. V=12g 4agR

7; a) Imtially Q= CV Fmally @a=CaV; and q=CaVi. ga/ qe=Ca/Ce =12

(bygatae—0, q2a=Q3 & gz=2Q 350 Us~Up Tai=13

8: Potential eneroy of the system = k(giﬂ—l—-:—i-_—f-:]; Potenmal energy of the system =

ok (F=2+ ;. 0 Q=124/5

9.ﬂm§em5pha‘e$. - Q1 = surface charse density x surface Arez =8 x 1P C Chargs on

sphere S22 72x 109 € : When connected by a thin wire they acquire a common poteatial V

and the charpe remains conserved. @)~ Q= Q'+ Q'; onsolving Q'=2x10-C

10: (1) Potennial difference between Aand B=F » (AB) =3 = 10 = (4 = 10~) =200 voh

(1) The lne jommg B to C 15 perpendicular to electric field, so potential of B = potential of C

12, Va=Ve Distance AB =3 cm

Potential difference between A and C = E x (AB) =5 = 10° = (4 x 10-2) = 200 volt
PRACTICE QUESTIONS

Q1. A charged particle of mass m and charge ¢ 15 kept mitally at [ awie Jrowr ]

rest on a frictionless surface. Another charsed particle of mass 4m | & ;

and charge 24 starts moving with velocrty v towards 1t. Calculate

the distance of the closest approach for both the charged particles - g ey ~

Q2. (a) Four wdentical metallic balls were placed diametricallv opposite on the circumference of

an mmagimary circle of radms 10m The first three balls were charged with 30mC, 40mC and -

T0mC charge: Evaluate the value of charge(q) given to the fourth ball so that the net potential at

the centre of the cirele becomes zem |

Q3. A caparitor of 200 pF 15 charzed by a 300 V battery. The battery 15 then disconnected and

the charged capacitor 1s comnected to another uncharged capacitor of 100 pF. Caleulate the

difference between the final enerzy stored in the combinad system and the mitial enerey stored

in the single capacitor

4. A parallei plate capacitor is charged by a battery. After sometime the battery 15 disconnected

and a dielectnc slab with its thickness equal to the plate separation ts mserted between the plates.

How will (1) the capacitanice of the capacitor, (u) potential difference betivesn the plates and (1)

the enerzy stored in the capacitor be affected? Justify vour answer meach case

Q5. Find the ratio of the potemal difference thar must be applied across the paralle] and the

series combination of two identical capacitors so that the eneroy stored in the two cases, becomes

the same.




ANSWERS
2.0 3.3X10%7 4C=KGC V= %‘E"ﬂ: E==Ep 5 Ve:Vs=12
CASE STUDY TYPE QUESTIONS
1. The above ficure shows four pairs of parallel identical conducting plates, separated by the
same distance 2 0 cm and arranged perpendicular to x-axis. The elécine potential afeathpl;ﬁc
15 mentioned. The electne field between a

patr of plates 15 uniform and normal to the
plates. (i) For which pair of the plates is the :
nr

field E along 1 7 Y Y-y Y 408
@1 I (Om (DI
{11} An electron 15 released midway between the pl,ates nfp:ur IV Tt w:lL
(A) Move along [at constant speed  (B) move along -1 at constant speed
{ChAccelerate along | {D) accelexate along -i
(u1) Let Ep. Ez. E; and Es be the maonitudes of the elecmice field between the pars of plates, T 1T,
I and IV respectively. then:
(AYE1=E2=E:=Es (B)E:ZE:=E:>Ex
(C)Es>E>E>E; (D)E:>E;>Es> Ey
{1v) An electron 1= projectad from the right plate of zet T directly towards its lefi plate. It just
comes to rest at the plate. The speed with which 1t was projectad = about:
(Take (e'm) =1.76 X 10" Ck=)
(A)13X10°ms (B)26X10°ms (O)65X10°ms ([D)S2X 10 m's
2. A parallel plate capacitor 15 an arrangement of two identical Y L s st
metal plates kept parallel, a small distance apart. The capacitance | / '_#

e || [

i

C&wEs mvE

of a capacitor depends on the size and separation of the two plates
and also on the dielectric constant of the medmm betiveen the
plates. Like resistors, capacitors can also be arranged 1in senes or
parallel or 2 combination of both By wviriue of élecinc field between the plates. charged
Capacitors store energy,

(a) The capacitance of a parallel plate capacitor increases from 104F to B0UF on introducng 2
dielectne mednam between the plates. Find the dielectne constant of the medmm.

(b) n capactters, each of capacitance C, are connected 1n senes. Find the sguivalent capacitance
of the comhmanion

{£) A capacitor 15 charged to a potential (V) by connecting 1t to a battery. After some time. the
batterv is disconnecied and a diglectric 15 introduced between the plates. How will the potential
difference between the plates, and the enerzy stored in 1t be affected? Justify your answer.

ANSWERS
Ans 1. (1) (D) IV (1) (D) accelerate along i () (C)E:>Es >E2>Ei () (B) 26 X 10 m's
Ans 2 (a) K=3 b) C= E (c) Potennal difference decreases by a factor 1K,  Enerzy

reduces by afactor LK




PRACTICE QUESTIONS
Q1 A paraliel plate capacitor has two pamllel plates which are separated by an insulating
mediom hke mr. mica etc. When the plate are connected to the termmals of a battery they get
equal and opposite charges and an electne field 15 $at up i between them The electne field
between the two plates depends upon the potential difference apphed. the separation of the plates
and nature of the medium between the plates.
(1) The elecine field between the plates of a parallel plaie capacitor is E Now the separation
between the plates 1s doubled and simmitanecusly the applied potential difference between the
plates is reduced to half of its mitial value The new value value of the elecmic field between the
plates will be -
(a) E (b) 2E () E/4 (d)E2
{15} A constant =lectnic field 15 o be maintained between the two plates of a capacitor whose
separation d chanees with ttme. Which of the graphs comrectly depict the potential difference (V)
between the plates as a function of separation between the plates to maintam the constant electric

y i 17 - v -
‘ i (b) (c) ‘ i‘ (d) i
il 4 . d

(111) Tn the abm*eﬂguﬂ_eEQ are the two parallel plates of a capacitor Plate 15 at posmive
patential with respect 1o plate P. MN 15 an imaginary line drawn po== = == o =0 = = = =

perpendicular to the plates. Which of the graphs shown corectly
the vartation of the magnrtude of elecine field strength E along

the line NEN? I —
" e

) T/\ () ?/_\
3 e vy 5
W - ] " o

« T a» T\ /

% i o4

{1v) Three parallel plmesafeplaced above each other with equal displacement d between the
neighboring plates: The electric field between the first pair of the plates s Ei and electnc field
between the second pair of the plate is Ea. The potential difference between the third and first
plate 157
@E-E.d  OEE.d (©)(E-E).d (d) d(Er= E2)2

2. A parallel plate capacitor consists of two cenducting plates kept generally paralle] to each
other at a distance. When the capacrtor 15 charged, the charge resides on the mner surfaces of the
plates and an electnc field 15 set up between them Thus i

electrostatic enerpy 15 stored m the capacitor The figure ! M
shows three large sguare metallic plates, each of edge length 2= —"!—I— :_“-“---r'
‘L’ held parallel and sqmdistant from sach other The space 1 -




between P; and Pa and Ps and P: 15 completely filled wath maca sheets of dielectnic constant K
The plate P: 15 connectad to point A and other plates Py and Ps are connected to pomt B Pomnr A
is maintained at a positive potential with respect 1o point B and the potennial difference between
Aand BisV 2023 CBSE

(1) The capacitance of the system between A and B will be:

(a) 2EE  (p) 2= (LS ()2
(1) The charge on plate Py 15

(a) 222 () 2255 G (d) =
{in) The t!m:mt field 1n the rezion between Py and Pa s

@vE ®wd OV (d) &V

(iv) The separation between the plates of same area L° of a paralle! plate air capacitor
havinz capacitance equal o that of this system. will be

(a) dK (bi2d K (e) dZK (d) d /4K
ANSWERS PRACTICE QUESTIONS
A1 OES @)@ (iiXe) ) (@) (E~E.).d
Ans2: () ()25 (i) (6) 255 @) @VA (%) (0 d2K

LONG ANE’“TER TYPE QUESTIONS
Q1 (1)Fmnd the equivalent capacriance between A and B in the gven figure.
(1) A dielecine slab 15 mserted between the plates of 2
capacitor. The electnic berween the plares decreases. Explain _L__”{_f—l—:
(i) A capacitor A of capacitance C . having 3 charge Q is A =
connected across another uncharrad capacitor B of capacitance :[
2C find an expression for (a) potential difference across the i
combination and (b) Charge lost by capaciter A v
(1v) Two slabs of dielectne constant 2K and K fill the spare between plates of a parallel plate
capacitor of plate area A and plate separation d as shovwn in the fizure.
Find the equivalent capacitance of the system
Q2. (i) Anelectric dipols (dipole moment B=pf ), consisting of charges
- q and g, separated by distance 2a, 1s placed along the x-axis, with its
centre at the origin. Show that thepmmﬁ'alt-‘, duse 1o this dipole, at a

= 2t E
pomnt X, (X a}mamalmlmr

(1) Tovo 1solated metallic spheres S and S; of radu 1 om and 3 cm
respectively are charged such that both have the same

charge density (- ;:1u—'=)<:m=_ They are placed far ~— ‘
away from each other and conmectsd by a thin vare. = o g ol
Calculate the new charze on sphere Sy '

Q3 (1) Derive an expression for potential eneroy of an electric dipole p in an extemal uniform
electnie field E . When 1s the potential energy of the dipole {1) maxtimum . and (2) nunimrom?

1




{11) Three point charges q. 2q and ng are placed at the vertices of an equulateral tnangle If the
potential energy of the svstem 15 zero, find the valus of n
ANSWERS
1: (1) Cae= C+C = 2C, (1) Withun thie diclectric slab, mduced electne field due to polanization,
Decreases the elecine field E=E.K (1) (3)V'= Quout/ Coe=Q3C=V3  (b) charge lost by
r:ap:ax:l.tnr— Q-Q/3 =2Q/3 (1v) C=6KzoA/d, cazsm d, 1/Ca=l/Ci=1/C; ; Cs = 6K=A'Sd
2 : (1) Derve expression of potential P, V= Aspislongx-mas so, V= —=— E

-:HFE: 11—5. Y oy o

Iftt?bai—;m (1) Charze on §; =g x dar° = (zxm "‘]x—hr{ll’lﬂ“}‘—ﬁ}{m'jc

Charee on S:=cx4mr = (; X 1-_!]_"’) x4 (3% 10777 = 72 X 107 € When connecied by thin
cwire they acquire common potential ¥ and charge remans conserved Q; = Q== Q% = @) anﬂ%;
=§:=Gnscihmg Qi =2X%10%%¢

3+ (1) Derivation of expression of potential Ensrgy, U(8) = pE coscos @ =p £

(1) Potential ensrzy 18 maxymum § =180, (2) Potetiial energy 1s mmmum & = 0°

(1) Consider an equulateral triangle of side'a, Potential energy U= "o - 20 290

E a

p=X4939.k3gng & :"‘7=A:cmdjngtnqllfsﬁl;l;t_U=ﬂ,_S¢ E3iE RiaNE RETI_pn Afier
& 0 ia =

=

solvingn=

3

PRACTICE QUESTIONS
L. (1) Draw equipotential surfaces of an electric dipole.
(ii) Tivo point charges g and q: are located at 7, and 75 respectively in an external fisld & Obtain an
expression for potential energy of the sysiem
(iif) The digole mioment of a malecile is 107" Cin. Tt is plised in an elockric Beld F 6F10°Vim such
thit its zxis is along the electric field The direction of E i suddenly chanved by 60° 2t an instant.
Find the change 1n the potential energy of the dipole, 2t that instant.
2. (1) A dielectnic slab of dielectnic constant 'K and thickniess 't' 1s inserted between plates of a parallal
plate capacitor of plate separation d and plate area A. Obtam an expression for #s capacitance. (1) Two
capacitors of different capacitancss are connected first (1) m senes and then (2) mn parallel across ade
source of 100 V. If the total energy stored in the combination mn the two cases are 40 mJ and 250 mj
respectively, find the capacitance of the capacitors.
3 (a) Derive an expression for potential enerov of a dipole mn an external field
(b) Draw equipotential surfaces due to an 1solated point charge (—q) and depict the electnc field lines
(c) Three pownt charges + 1 uC, — 1 uC and = 2 uC are mially mfinrte distance apart. Calculate the
wth done in assembling these charges at the vertices of an equilateral trianpie of side 10 cmu
ANSWERS
1. (1) Suitable Diagram, (if) potential energy of the system =g, V (1) ~q2 V ()= 2%,
(1ii) 5 X 10-%]

(ﬂﬂﬁnmmnfcmect&xpressmﬂ— i”" (Y Cr=40uf and C:=10uf
+




2 (a) Correct denvation U= - pEcos cos 8 _ () Suitable Diagram (¢) W=-00917

CBSE
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CHAPTER D3

IN A METALLIC COMNDUCTOR

Flanmin comran® b6 e e of Fhawe of dwwrage iy poglilemil by e elesiiens s

BEELE 1 haige - Tri & il gaariest i el V8 e Pl aof o cosrluEaer i o e apglssad adecra fiekd
edpciroTis F
i} . ' A
= = UL wemfmie, A Wl ,u_-lr
't

A =|1Cg1 awbiimie W= nidimil e delﬂ,..ly anl Prage amlemiivniis

1 i-= Sides ahct pial araa
e n o] e Doy Frods {Eormmntinnal curmmre ) r= chargoof bloctron 1S« e a
Feghsr geotsitilal e s uwrlllu].

Efic tramd drift spganibi b s corunngiondl dseent. Di-'“':ﬁ“.“ of 11, | opposite ta I,
HIIEH.H'I' llﬂ? |mm OHM'S LAW 6. V-1 CHARACTERISTICS
Eaj Lynww BT Pemwiamin) | (0 Moy (o s 1 1
Mu:'i“d"“ I:":E'd"& Hl'r"‘-"' sogiited per I."I"l—.nm“ - "!:Ir!l:'-'l-l'tlrl!' - I.I'Il-'ul-r
il Wit . | W= et il in B gestebi el L v
q'_h - i s e ] [T R T L
- = (il T e )
IS 1 ETIER pOCTIE P E — — #
B 4, '
: — s & = Clisrmn bl s | L R _J'
= — -
Saeew i© 7 L] ndr, P -~ ” # . : -
o el = Aji Vv i = bl iil=mdicte | e N = siedbrance (b L1 ' ! !
3 F f s s Uela Vv Sir Ak e Curee
Chirrnii i sty privprsblenal g ¥ = pmtiyl e R = T [t = =mtarid LB = comstar)
ot Ll il L e (V) o @ gleen
r—Alln-"I:l-l' :ﬁ'rnﬁ-ml- J
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MULTIPLE CHOICE QUESTIONS
For Aspiring DOCTORS

1. In a metallic conductor, if the lensth is doubled keeping the cross-section and applied voltage
constant_the dnft velocity: [NEET 2025]
{a) Doubles (b) Halves (c} Remains same (d) Becomes four hmes
2. A wire obeys Ohm's law, I the current throush it 1= tnpled, the resistance: [ATIMS 2024]
(3) Triples  (b) Reduces o one-third  (c) Remams the same  (d) Increases nine times
3. The resstivity of silver at 20°C 15 1L.6%10= Qsm._ A silver wire of length 2 m and radius |

mm has resistance approximately: [NEET 20125]
(a) 0.010© (5)0.020 @ (€)0.0320 (@) 0.064 ©
4 “'hfﬂnldﬂﬂt&ltﬂmhﬁﬂfrﬂiﬁﬂfﬁﬁﬂrﬂtﬂnﬂ&d&dm&ﬁlﬁnﬂiﬁﬂnﬁpﬂmd?
parallel the ratio of power consumed (series: parallel) for the same supply voltage 15 [ATIMS]
{a) o (b)m: 1 (c)i:n (din: 1
5. In a meter bndge 1f P and Q (the ratio arms) are interchanged and the null pomt shifts from
40 cm to 60 cm_This confirms: [NEET 2023}
a) P=Q B P=3Q2 () P/Q=213 (d) The bndge is faulty

For Aspiring ENGINEERS

6. The drift velocity of electrons for a conductor conngctad to 2 batterv 15 v. If the radmws and
lenoth of the condurtor are both doubled, keeping the voltage constant. the new doft velocity

will e [HEE Main 2023]

(a) w2 (b)v (c) 2v (d)vid

7. A copperwire has a resistance of 10 @ at 0°C. H the temperature coefficient of resistance

154 = 107 =C, its resistance at 100°C will be: [IEE Main 2022]
@pra M4 (160 (d2080

8. Two cells of emf IV and 4V and mtemnal resistance 162 and 20 respectively are connected m
paralle] The equsvalent emfis: [TEE Mam 2024]

(a) 3V (b)) 287V (c)25V (d)2v

9. The voltage and mmmihenmpﬁm A and B shown m the circunt are [JEE Main 2026]

(a) 24V, 124 (b)24V.4A () 18V, 124 (d)27V 4A ne a8 |
10 Two cells of emfs 1V and 2V and miemal resistance 2 © and 10 bt
respectively connected in parallel, cave cument of 1A through an external e
resistance. If the polarmty of one cell 15 reversed, then value of curremt S ——
through the external resistance will be A The value of a is [JEE Mamn 2026]

(a}3 (B2 (e} 1 (d)4

11 Figure shows a current carrving conductor of non-uniform eross section Current T is flowing
from left to nght 35 shown Which of the following relation s correct? (Svmbals have usual

meaning) b T
(dox=os (Ea<Es (c)vs, <va, (d)Allofthese L,,-Jﬂ—‘j
12 The magnitude and direction of the current in the circuit ,

shown will be " ‘-‘~—'|—‘—]l—"' =]

Lo

{a) -.J from a to & throush e {I:l‘h-f from & to a through ¢
() lAﬁ'nmﬁtu a throush e [ﬂ}l A from ato b through e

o A




13. Two identical cells send the same current in 2 ohm resistance, whether connected in senes or
in parallel The imternal resistance of the cell should be

(2) 0 (b) 030 (e 150 (@20
14. The charge on the shown capacitor m steady state 15 & F
. I
d
(a)4 uc (b) 8 uC (e)12nC (d) Zero Jol A

15, Cells are able to gensrate current with iological cells called electro l'

plagues. The electro plagues m an eel are arranged : 100 -4

rows, cach row stretching hotizortally along the body of the [ e

fish contawims 5000 electro plagues The arrangement 1s Fvw .'.T,':"'.;q,,:,.'.l._

suzgestively shown below Each electro plagques has an emf

of 0.15 V¥ and intemnal resistance of 023 O The water

surrounding the eel completes a circut between the head and

1ts 1l If the water surrounding 1t has a resistance of 300 Q,

the current an el can produce n water 15 about i

(3) 154 (304 (154 (d)30.4

16, Two batteries, one of emf 18 volrs and imtemal resistance 20 and @

the other of emf 12 voir and internal resistance 1), are connected as: "W

shown The veltmeter 17 will record a reading of
(@) BSvelr  (b)30wel; ()4 voli(d) 18velr L

l?ﬂlﬂmﬂﬂlmﬂm& CEﬁZ‘WﬂDﬂlS shwmare-_'ﬂ.!_fl_md .31 i i s

If B = 0.200, he potential difference across the cell i i

(2) Bwill be zero {b) 4 will be zero

{(c)dand Bwallbe 277  (d}.4 will be > 2V and 3 will be< 2V -

18 In Wheatstone's bridee P =90, § =110 R =4Q and § = -

662 How much resistance must be put 1n paralle] to the resistance 5 to balancs the bndge

f2)24Q yEXe! (c) 264G (d) 1879

19 When the key £ 15 pressed at tme ¢ = 0, which of the ;4

following statements about the current I theresistor 48 of [ 10002

the siven ercust 15 tre

(3) 7=2md atallr (b)Joscillates between | med and 2md WF e

{e) I=lmdaalls

(d) Atr=0,7=2 md and with hime 1t goes to | md

20 Masses of 3 wires of same metal are m the ratio 1: 2 3

anid thesr lengths are in the ratic 3 : 2 ¢ 1 The electrical resisiances are tn ratio

(a)1:4:9 (by9:4:.1 {e)1:2:3 (d)27:6:1

1. (b) E=VL. Douhling I halves E va=cEtm & E— va halves.

2. () For an chmue wire, R = V1 15 constant (imdependent of [ or V). Resistance doesn't

chance.

3 (A Rr=10(1 ~4x10* = 75)= 01 0 =10~ 1 3=13Q

4 (2) Pomiee = V/(0RY, Pypeaey = V3 (R/n) =0V R Ratio={V2aR)/(nV3R) = Lo

5. (e) Initially I=40cm: P/Q = 40/60 = 23 After swap l=60cm: QP = 60/40 — P/Qstill 23.

h.llm

oo




6. {2) w2, va=eEum= eVt (mL). Since L 15 doubled (71.), v4 becomes v/2. Radius change

doesn't affect va1f V and L are considered. thouzh 1t affects current.

7. (b) 14 O Explasation: R=Ra(1 =aAT)=10{1 =4 x10= > 100}=10(1 +0.4) =14 Q

8. (B) 267V g=1elirl =22}/ (Url = L2 =(21=42) (11 +12)=(2-2)(13) =415
=83=267V

9. (b) 24V, E =27V and Rey =340 Lun = f’f—ﬁ, Vae=4x6 =24V

10. (3)3
1L (d) All of these
12. (d) Applving Kichoff's voltage law .
Axt+i0—4—2 x;—3f=n=u=1A{amaa+;.:g}..-.emm=f;=i“§= 1.04
E"
e

13. (d)Insenes , i, =
2 1z

IIIIJRIEHELI-—-_—!—‘”_T Sice i, =1, T e D a0

FEE TS
14. (3) Potential Difference across capacttor =23 V. @ =CVso Q=4 uC
15(a) given problem is the case of mixed grouping df cells] = &mmﬂ current producad,

m -
Here m=100, n=5000,R=5000 . E=0.15 Vand r=0.25 ﬂi—%=lﬁ&
i0@

16 (c) Rezding of voltmeter, E = E’fﬂ =(18%1+12%2) (1+2) =14 V
1

17 (a) Applying Kirchhoff law.  (2+2) = (0.1 + 03 + 0.231 =¢ =“'1—”A, Hence potential
diﬁ'ﬂt&ﬂremass.izz—ﬂlxﬂziif (less than 277, Potential difference acioss 8 =0

lﬂ{:}———{Fmbﬂ]mnglmﬂga SE = =T R s T S ar = 6N

L 5 - E -

19 (d) Artome £ =0 e when capacitor 15 chargme. current § —mﬂ 2mA
When capacitor 15 full charged, no current wall pass through 11, hence the current through the
circuit | = —— = Jmd

0o

20 (d) 276:1 a5 Ru‘;

EXERCISE QUESTIONS
1. A 50V bartery 15 connected across a 10 ©Q resistor. The current 15-4.5 A The mternal resistance
of the battery 15

(3) Zero (byos (119 (dY200
2. Twwvo battenss, one of emf 13 voirs and interal resistance 2 O and o
the other of emf 12 vo!r and internal resistance 1 @ are connected as "

shown. The valtmeter Vwall record a readme of
(A 5wl B)30wk () 14velr  (d)18vair pary, )
31 The masnitude and direction of the current i the cirenit shown wall -

be i
(a) “Afromatobthrouphe  (b)-A fiom bto athronghe "
+1 8 EHr=1%

1




(el lAfrombroathroughe (d) | Affomatobthoushe

PSR A S e
4. A torch bulb rated as 4.5 77, 1.3 7715 connected as shown i the figure. T
Theemyf of the cell needed to make the bulb zlow at full intensity 15

(3) 45F  (M1ISVF (©267F (d135¥ -
5. Two battenes of em f 47 and § 7 with mtemal resistances 1 Qand |, 7 4 ‘

2 Q are connected 10 a circuit with a resistance of @ © as shovwn i figure
The current and potential difference between the pomts P and © are

@) AV (®AW (0 AW (d) 4,127
ANSWERS (EXERCISE QUESTIONS)
L 2@ 3 @ 4 @ 5 @

ASSERTION & REASON QUESTIONS
Read the assertion and reason carefully to mark the correct option zrven below
{a) If both assermion and reason are true and the reason 15 the correct explanation of the assertion.
(k) If both assertion and reason are true but reason 1s not the correct explanation of the assertron.
{£) I assertion 15 true but reason 1s false.
(d) If the asserhon and reason both are false
1. Assertion (A): Dnft velooity of electrons m a conductor increases when the temperature of
the conductor 1¢ increased, keeping the potential difference constant
Reason (R): At ngher temperatures, the relaxation time of electrons decreases due to increased
lattice vibrations. [NEET 2017]
2. Assertion (A): The cument density J in 2 conductor depends on both the masmimde and
direction of the electric fisld E.
Reason (R): Current density is a vector quantity defined as J = oE. where ¢ 15 the electncal
conductvity, [ATIMS 2024]
3. Assertion: The temperature coeflicient of resistance 15 posttive for metals and negative for
senuconductor.
Reason: The effective charge camers in metals are negatively charged whereas in
semiconductor they are positively charged. -
4. Assertion: In the following circurt emf 15 27 and mternal resistance of |_'
the cell 15 | © and & = 101 then reading of the voltmeter is 17 '
Reason:V = F —trwhere E=2F t ="=14and R=190 o=

5. Assertion (A): The resistrvity of all matenals 15 temperature-independent [ATIMS 2020]
Reason (R): Resistively depends only on the type of matenal_not on its dimensions.

6. Assertion: Elecinic apphiances with metallic body have three connections, whereas an electric
bulb has a two pin comnaction.

Reason: Three pinl connections reduce heaung of connectmz wires.

7. Assertion: The dnft velocity of electrons m a metallic wire will decrease if the temperature
of the wire 15 increased.

Reason: On increasmg temperature, conductivity of metallic wire decreases.

8. Assertion (A): When a wire of resistance R is cut to n egual precss and all are connected m
parallel, the new fesistance 15 Rin®

Reason (R): Each piece has resistance R'n. When n such pieces are in parallsl. equivalemt
resistance = (Rn)n=R/n® [NEET 2023]

FTET ATV SO0 DT T 0L T '




Assertion: The elecinic bulbs glows immediately when swatch s on

Reason: The drift velocity of electrons in 3 metallic wire 1s very high

9. Assertion: Bending a wire dogs not affect elecnical resistance.

Reason: Resistance of wire 1s propoartional to resistivity of matenal

10. Assertion: In meter bridge expeniment, 3 hizh resistance 1s always connected in sertes with

2 palvanometer. Reason: As resistance increases current through the eirewit increases.

ANSWERS (ASSERTION & REASON QUESTIONS)

1. (d)Explanation: Assertton 15 WRONG: dnft velooty decreases at huoher T becanse va =

eEz'm and t decreases.

2 (a) Explanaton Both statemefits are comect J = GE 15 a vertor relation — J 5 mn the

direction of E (for isotropic conductors), and o 15 the proportionality constant.

3. (b} The temperature co-efficient of resistance for metal 15 postive and that for semiconductor
15 nesative. In metals free electrons (nsgatve charge) are charge camers while m P-type
semiconductors, holes (positive charge) are majonty charge camers.

4 (a)Here F =2V, 1=—f=_1_.-4;lﬂﬂ?'=l_ﬂ.'fhﬂi€ﬁ}l‘ﬂ. V=E—ir=2—-31X1=1V

@ @@ OO0 Gr@ O (19 |
EXCERCISE— ASSERTION & REASON
1. Assertion: Voltameter measures current more accurately than ammeter.
Reason: Relative error will be small if measured from voltameter

2. Assertion : Electnic fisld outside the conducting wire which cames a constant current 15 zer0,
Reason: Net charge on conducting wire 15 zero.

. Assertion: The resistance of supet-conductor 15 zero.

Reason: The super-conductors are used for the transmussion of electric power.

4. Assertion: Each bulb in a fnill of 20 bulbs m senes when connected to supply voltage will
emut more light than each bulb m fll of 19 bulbs in senes when conmected to same supply
voltage..

Reason: Each bulb i a frill of 20 bulbs in senes will get less voltage than that i il of 19
bialbs.

. Assertion : Kirchhoff's voltage law indicates that electro static field 15 conservative.
Reason: Poteniial differenice between two pomts i a circuit does not depend on path

ANSWERS ( EXCERCISE— ASSERTION & REASON)

L 2 (@ 3 (@ 44+ {d >@

VERY SHORT ANSWER TYPE QUESTIONS

1. Plot a oraph showing vanation of current versus voltage for the matenal GaAs

2. Twe matenals 51 and Cu, are cooled from 300 K to 60 K What will be the effect on thear

rEsIstvIty

3 A cell of emf (E) and intemal resistance (1) 15 connecied across a variable external resistanice

(R). Plot exaphs to show vanation of (1) E with B (11) Termunal p d. of the cetl (V) math B

4 A pd of V volts 15 applied to a conductor of length L and diameter D. How wall the dnft

velocity of e's and the resistance of the conductor change when (1) V s doubled (1) L is halved

and (111) D 1= halved. where 1s each case, the other two factors remain sarme. Give reason

5 Twowires, one of copper and the other of mangamin have same resistance and equal thickness

Which wire 15 longer? Justify vour answer.

Ly

i

L&
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6. The plot of the variation of potential difference across a combination of ¥
three identical cells in senes, versus current is as shown below, Whatis ™|
the emf of each cell? i

7. Why are alloys usad for making standard fesistance coils? o

8. A torch bulb rated a5 4.5 7. 1.5 7715 connected as shown in the figure. ¢

The e m.f of the cell needed to make the bulb glow ar full intensity? i :

9. The amount of electric charge passing through across-sectionof wire in. |

timet 15 Q (1) =At+ Bt + C. Where A_ B and C are constants having I+

values 5, 4 and | respectively. Calculate the slectnic current at t=4s.

10. =V graph for a metallic wire at two different temperatures,. Tyand Tris |

a5 shown in the fipure. Whach of the two temperatures 15 lower and why? ! 5

ANSWERS (VERY SHORT ANSWER TYPE QUESTIONS) -
1. The vananon of electnc current with applied voltage for GaAs s as

2. Insilicon, the resistivity tncieases In copper. the resistivity decréases

= | — -

3. (1) The emf E of 3 cell 1s independent of
exiemnal ressstance (R). (ii) The ternumnal pd. V = IR =-_j;ﬂn- =
= Oniticreasme R,V mereases. WhenR=0, V=0 WhenR=

J."'n_

r.V == WhenR -5 o0. V=E.

4 V== and R=po=p—
(1) When V 15 doubled, V; becomes double and R remans unchanged
(1) When / 15 halved, V; becomes double and R becomes halved

(111) When D 15 halved, V; remains unchanped and R becomes 4R
5. Copper, R="2 pl = Const,
6. Let Ebe emfof sach celland 7 be the total mtemal resistance of circurt The
eguation of termunal potential difference V=3F—Ir_ ... .. .(1)
At V=06V, I=0 Therefore romeq(l), 6 =3F—0=E =2V
7_Alloys like Manganm and Constantan are used to make standard resistance coils becauss of
their high ressstivity and low temperature coefficient of resistance. This makes their resistance
relatively stable and predictable over a range of temperatures, which 1s crucial for accurate
measurements Addionally. alloys are generally less susceptible 10 corrosion than pure metals,
ensuring the lonoevity of the resistance coils.
S-Cuttﬂﬂmth&bu]hzg =f—'§ = 34, Curtent 111 1 ) vesistance :-le= 1.54 Hence total
current from thecelli = 3+ 1.5=454Bvusmg E =V +ir 2 E=15+
45 % (2.67) = 135V

o = ;—‘f, I=2A1~B I=4A




10. If a constant current I flows through the conductor, resistance at tfemperaturs T1 and Tz 15
R:=Ry
_ EXERCISE QUESTIONS
1. Current of 4.8 amperes 15 flowng throuch a conductor. Find the mumber of electrons per
second.
2. When the corrent { 12 flowing through 2 conductor. the deift velocity 1s v I 2i current is
flowed throush the same metal but having double the area of cross-section. |
then find the dnft velocity. .
3. What 1s'the value of [ m the given current distribution? f o
4. Cument 15 z2llowed to flow in a metallic wire at a constant potential
difference. When the wire becomes hot, cold water is poured on half of
. its portion. By doing so. 1ts cther half pertion becomes sull more hot Explmnﬂsrrasﬂn_
5. The -V charactenstics of a resistor are cbserved to deviate from a f
straight line for Micher valoes of cwrrent as shown mn the adjoinng
figure wiy?

4

L5 1

SHORT ANSWER TYPE QUESTIONS
1. A potennal difference V 1s applied across the ends ﬂfcﬂppﬁn‘imﬂﬂmﬂlhl and dizmeter D,
What = the effect on drift veloctty of électrons f (1) Vis halved (1) | T
18 doubled (11} D 15 hatved
2. Find the magnitude and direction of current in 19 resistor in the given —}
CLECLNT.
3. Fioure shows two cireuns each having a salvanometer

and a battery of 3V When the zalvanomesters m each 7’/|\ ,.7‘. s
arrangement de not show any deflection, obtain the muo [ 7™ 77 1%/
s not show amy on, atio ‘«-:\T/ ‘ {".:1 v/.f—‘
4. In the adjoming cucuit, the battery E, has an e.m. . of s ! o

12veit and zero nternal resistance while the battery E has ;
ane.m. . of 2velt. I the galvanometer & reads zero, then T-.&:. {t} B
|

ﬁnd the value of the resistance X i chm ?
5. Plot a graph showing temperaiure dependence of .|,

PRk
=
|
!
&

resistivity for a typecal semuconductor. How is this behavior

Exphu[wd i} i

6. Answer the following:

(1) Why are the connections between the resistors i a meter bridge made of thuck copper stnips?

{11) Why is 1t generally preferred to obtain the balance point in the middle of the meter bridge
wire? ;

(111) Which matenal 1s used for the meter bndge wire and why?

7. In the circuit shown m the figure. the palvanometer "G’ gives zero

deflection Ifthe batteries A and B have neclioible intemal resistance, find

the value of the resistor R?

8. The plot of the variation of potential difference across a combunation of '

three identical cells in series. versus current is shown alonsside. What is the <

et and intemal reststance of each cell? _ "~‘ =




0, Using Kirchoff's rules determuine the value of unkmovn "
resistance R 1o the circust so that no current flows through 40 :
resistance. Also find the potential difference between Aand DT %'”

LI {b T .' il

10. Calculate the value of the current drawn from a 5V battery | n——
mn the crreurt as shoom e
_—

ANSWERS (SHORT ANSWER TYPE QUESTIONS)
1 == I —FiR - W :
B =
(1) V15 halved then dnft velooity ﬁhalr:dfujlﬁd:mhledﬂimﬁﬂtﬂﬂcm :shahﬁl
{1} Drift velocity is independent of D .
2. Use Kuchhoff™s laws to make equations, After =olving the equations
Li=-124A
3. Sel. For balanced Wheatstone bridge, 1f no current flows throwgh the
. =
E=? So. Ry =60 and :—_=J§SGR3=4{&.HECEE-R::&4=3E
Es . 3 - - Ny
Eﬂn+x.)x =g (sun—,tx)x etz il

4_Fmﬂncmﬁmﬂﬁ'ﬂughgzirmﬂmﬁﬂ,whaw=(
Q

5. The reststivity of a typical semuconductor (carbon) decreases with increase

of temperature. The graph is shown in fioure. I\

Explanation: In semuconductor the mumber density of free electrons (n) \,

increases with mcrease in temperature (T) and consequently the relaxanon s

period decreases. But the effect of increase m n has lugher mpact than | J

decrease of T. So. resistivity decreases with increase in temperature.

6. (1) A thuck copper stnp offers a neghizible resistance, so doas not alter the value of

resistances used mn the meter bndge.

{11} Tf the balance point is taken m the muddle: 1t 15 done fo minimize the percéntage emror

i caleulatine the value of unknown resistance.

(111) Gensrally allovs marmin constantan mchrome ars used in Meter Bnidge, because:

these matenals have low temperatiure coefhicient of resishvity.

7. If galvanometer G gives zero deflection. than current of source of 12V flows through R, and

voltae across R becomas 2 V. Current in the circuit is

12
“S00+R
And V=IR. =) R =2Salving R=100Q
8. We know that for a circuit
V=E..-1R,,

From graph, when I=00°A then V=6 V and I=1 A, then V=0 V' Putting 1 eguation and solving
E;=6Vad R, =20 Hence emf of each cell = 2V Resistance of each cell =2 ©
9_Applyine Kirchhoff's loop rule for loop ABEFA, 9-6-4*0+21=0,I=15A (i)
Forloop BCDEB. 3+ IR-4x0—-6=0,~IR=3
Putting the value of I from (1) we have

' 15XR=38R=20




Potential diff between A and D throush path ABCD
9-3-TR=V,, 9-3-15x2=V,50V,=3V

10Q. 1t 15 a balanced wheatstone bridee

Find equivalent resistance and hence find cumrem =03 A

LONG ANSWER TYPE QUESTIONS

1. (1) Answer the following giving reason: [CBSE 2026]

{I) The electron drft speed is estimated o be only a few mm/s for Y. 1

- currents in the range of a few amperes. How, then, 15 the current ‘ i |
established almost the mstant a creewt 15 closed? :_-—‘ |-—¢,

(I} A larze volage supply from which one needs high currents must . e
have very low internal resistance. Whv? yoreh

(III) The asseriion that V=IR is a statement of Ohm’s Law 1= not true. Why?

(12} Two cells of emf 12 V and 6V are connected in parallel as shown in fipure Therr internial
ressitance are | © and 0.5 Orespectively. Calculate the emf and intermnal resistance of the
equivalent cell between pomts Aand B

2. (a) In the ziven figure. a steady current 1 flows through the circun when points A and C are
conniected by a wire of neghizible résistance Find the potennial Eon¥ | ey
difference between B and C., [CBSE 2006] *— 1k

{b) A battery of emf 21 V and mternal resistance 3 © 15 connected
to a resistor. I the current m the cirourt 15 3 A find:

(1) Resistance of the resistor (11) The termunal voltage of the battery.

3. (a) An electric field E 15 established across the ends of a cylindncal conductor of length L and
area of cross section A Discuss how electrons attain the average velocity, independent of
time Hence, obtain 3 relation between current in the conductor and this “averase velocity” of
electrons.

(b} (1) The electron drft speed 15 estimated to be only a few mmys for currents 1n the range of a
few amperes. How, then 15'the current established almost the mistant a circust 15 closed?

{11} Two copper wires having their radii in the matio of 3:2 are connected in series across a battery.

- Find the raho of the drift velocities of the elecirons m the wire.

4 {a) State Kuchhoff's rules. Using these rules, find the current .y

g ¥

flowsng through branch FC in the mven circunt T U
[CBSE 2026] | ay w P

(b) Establizh the relation between drift velocity of the electrons (v) | =t )

and electric current (I} in the conductor
5. (1) (a) Explam the statement “Current 15 2 scalar although we
represent current with an arrow’™
(b} Use Kirchhofi s rules to find the current flovang through 3 ©
tesistar in the circoit shown in the fizure
(1) How 15 174 affected when the lenoth of the conductor 15 doubled,
keeping the voltage applied across the conductor constant?
CASE STUDY BASED QUESTIONS
1. Read the following parapraphs and answer the questions that follow




. Whenever an elecinc current ts passed through a conductor, it becomes _1"—®_"
hot after some time. The Phenomenon of the production of heat m 2
resistor by the flow of an electric current throush 1t is called heating
effect of current or Joule heating Thus, thEﬂ]ﬂ:‘tﬂtalenﬂﬂvsupphed
hyﬁh:amrcenfmnftsmmmmdmmm In purely resistive circuit
the energy expended by the source entirely appears as heai. But 1f the
circuit has an active element like a motor, then a part of the energy supplied by the source
goes to do vseful work and the rest appears as heat. Joule's law of heating form the basis of
vanons electrical appliances such as electnic bulb, electnc fumiace. electne press st

I Alloys used for making standard resistance coils as alloys

(a) have more conductivity (b) less conductrinty _
(c] less temperature cosfiicient-of resistivity (d) more temperature coefficient of
resEstVITY

i ﬁi:hmﬁ:f}mdcnppﬂwﬁﬁafmflengﬁénd satme radius are confiected in senes.
Current | 15 passed through them Wire which gets heated up more is

{a) Nichrome (b) copper
(c) both zets heated up to same values (d) can“tsay

O A5 Wand 100 W are joinad in senss and connected to the mams The bulb swhich will
glow brighter 15
{a‘] ":S"'E'fasﬂha.'sh@lmsmmnce (b) 100 W as 1t has luoh resistance
{€) 23W as it has low resistance (d) 100 W as 1t has low resistance

IV. The heat emutted by an tron of 100 W in I munute 15
(a) 6007 (b) 60003 (c) 607 (d)600007

2. When electric field is applied actoss a conductor then the elecirons move n the direction
oppesite to the electric field due to electnic force on them The average velocity with which
free electrons get dnfied m the direction oppesite to the applied electric field mmde a
conductor 15 called drift velocity. This motion of the slectrons 1n the direction opposite to the
electnic field 15 supenmposad on thew random motion. Diift velocity depends on electnc field
applied. the nature of material and temperature On increasing the temperamre, relaxation
tune decreases. Hence decrease inrelaxation nme, due to morease in temperature. will reduce
the drift spesd.

1 When a potential difference V be applied across a evlindnecal conductor of lenzth L and
radiis R 15 doubled then the dnft velocity of electrons gets:
(2} doubled (b) four imes (c) remam same (d) halved
IIL  Two wires made of same matenal bt of different diameters are connected in series i a
circuit. The current flows in the combination of wires. When the current flows from the
wire with larcer diameter to the one with smaller diameter then dnift veloenty of electrons:

(a) will decrease (b) will mctease
(c) remains same (d) first wall mcrease and after some time decrease

Ol Twe wires each of radins of cross section 1 but of differemt matenals are connected
together end to end (in senes), If the densities of charpe camers in the two wirss are m
the ratto 14, the dnft velocnty of electrons in the two wares will be m the ratio:

{a)1:2 (B12:-1 {e)4:1 (di1:4




L

IV. A current [ flows throush a uniform wire of diameter d when the electron dnft velocity
15 v. The same current will flow through 3 ware of diameter d/2 made of the same matenal
if the drift velocity of the electrons 15
(a4 (b) w2 {e) 2v (d) 4%

3. When the electnic cell (source of EMF) 15 in a closed circuit, the current fiows throuch the
circurt. There 15 a fall of potential across the the internal resistance of the czll. The terminal
potential difference berween the two electrodes of the cell becomes Jess than the ENF of the
cell by an amount equal to to potential deop across the infernal resistance of the cell Thus m
2 closad circust The tetmunal potential difference of a-cell 15 always less than the the EMF of
the cell

I EMF ofa cell 15 independent of:
(a) size of the electrodes (b} quantity of electrolyte present in the cell
(c) distance between the electrodes  (d) all of these
I Thteecellsof EME 2.0V 2.5 Vand 3.0 V:are connected in senes. Thewr miternal resistances
are 0200, 0200 and 0.150Q respectively. The battery 13 connected to an external resistor
of 6.5 O wire 2 very low resistance ammeter, what would be the readinge of ammeter?
(@) L19. by 10 ©20 (d)210
I Acell of emf E and miemal resistance r1s connected in senes with an external resistance
‘nr’. Then ratio of tesmunal potennial differeace to emf 15
(ajl'n (b) L'{n+1) (c) a/(a+1) (d) (nr1)'n
IV, Inan experiment a student measures terminal potential difference (TPD) of a cell When
the same cell 15 connected to an external resistance of 5 Q then the TPD 15 2 V and when
the same 135 repeated for an external resistance of 10 © then the TPD 15 2.4 V. What 15 the
EMF and imntemal ressstance of cell?
(2}2.5V3Q (B)3AN3 50 {(e)3N250 (d)25\3
ANSWERS (CASE STUDY BASED QUESTIONS)

(e Gda (1it) @ (n)b

(1)a (n}b (m) e (rv)d

(L)d u) =2 (i) e () e
EXERCISE QUESTIONS

1. In a metallic conducter, an electron, moving due to thermal motion, suffers collisions with
the heavy fixed 1ons but after collision, it will emetze out with the same spead but m
random directions. If we consider all the electrons, their gverage veloerty will be zero. When
an electric fisld 15 applied, electrons move with an average velocity, known as doft veloctty
(V). The averags time hetween successive collisions 15 known as relaxation tme (7). The
magnttude of drift veloetty per umit electric field 15 called mobiaty (1 ). An expression for
current throuzh the conductor can be obtained m ferms of drifit velocity, nuimber of electrons
per unit volume (n), electronic charge (-2}, and the cross-sectional area (A) of the conductor.
This expression leads to an expression between current densiiy (T} and the elecine field (E)
Hence, an expression for resistivity (p) of 2 metal 15 obtained, This expression helps us to
understand imcreass 1n resistivity of a metal with mefease m its temiperature, in terms'of
change in the relaxation time (1) and change in the number density of electrons (n).

(1} Consider the contribution of the tollowing two factors 1 and I 1in resistivity of a metal

I Relaxation tme of electrons
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1 Number of electrons per unit volume The resistivity of 2 metal increases with increase n its

temperature becanse
(A) I decreases and II imcreases. (B) I 1ncreases and I 15 almost constant.
(C) Both I and T increase. (D) 1 decreases and II is almost constant.

{u)}  Asteady current flows in a copper wire of non-uniform cross-zection Consider the

 following three phvsical quantities -

L Electric field I Current density I Dnft speed Then at the different points along the wire:

(A) II and TT change, but I 15 constant: (B) T and I change, but 11 15 constant
(C) I and IIT change, but 1T 1s constant. (D) All T, I and TIT change:

{111} The resistivity of iron 151 = 10" ofam — m. The resistance of a iron ware of particular
length and thickness 1s | ofim. If the length and the diameter of wire both are doubled, then
the resistivity nohm — m mall be

() 1x107 () 2x10~7 (¢) 4x10=7 (d) 8310~

{1v) The temperatre cosfficient of resistance for a wire is 0.00125/°C_ At 300K its resistance

15 1 oh»i. The temperature at which the resistance becomes 2 ohm 15
() 154K (b) 1100 K () 1400 K d 127K

2. The box which contams the resistors of different values for
estmatmne and companng  the resistance s known a3
the resistance box. The accuracy of the resistance box 15 very
hizh The main advantaze of the resistance box s that T.hf
'-‘znabic resmstances  are  avatllable at  ene
Resistance values are adjusted by removing the brass pess. The box 15 construciad with the
pegs in parallel with precision wound fesistance coils-with the peg in place the current flows
throngh the pez (approx. 0 chms), when removed the current flows through the resistor

If the leneth of matenal s small then surely, resistance will be low and current flows through
that matenal will be ligh and if the cross- section area of matenal s small
then: resistance will be low and current flows thought matenal wall be high

(1) The resistances in a resistance hox are srranged -

{a) Senies Combination (b) Parallel combination

{c) Mixed groupad (d) Noge of the above:
(u)  How can the values of resistoss apply to 2 carcunt be changed m a2 resistance box?
(3) By msernng the ke=vs (b) By ramoving the keys

{¢) By changing the commections.  (d) By chanping the coils inside the resistance box
{m1)  Which statement 15 corect-
(a)  Resistance box 15 used to apply vanable resistance and Rheostat ts used to apply
constant resistance
(b)  Rheostat 1s usad to apply vanable resistance and the Resistance box is used to apply
constant resistance.
{c)  Inresistance box the value of applied resistance 15 known
{d) In rheostat. the value of apphed resistance 15 known
(iv)  Why ware is double folded 1n resstance box?

(a) to mullify the induciance effect  (b) to mnctease the resistance

(b) for space arrangement (d) to mncrease the nductance effect

ANSWERS (EXERCISE QUESTIONS)
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Maultiple Choice Questions
1. Ametallic rod of mass per unit length 0.5 ko'm 15 placed horizontally on 2 smooth plane
mclined at 30° to the honzonral A uniform magnetic fisld B =025 T acts vertically
upwards. To prevent the rod from slidine down the meling. the current 1 required to flow
through the rod 1s:
(2)7.14A (b)11.324 (€) 14.76 A (d)598A
A particle of charpe -2 mC moves with a velocity vecior v=(2i —3j) * 10°m/s throuzh 2
region with 3 uniform magnetic field B = 2j T. The Lorentz force F acting on the particle 15:
(2) 8 * 10° N alonz —k (b) 3 > 10° N along -k
() 8 = 10° Nalong -k {d) 12 = 10" N along +&
Two long parallel wires are separated by a distance of 10 emy, carrvine currents I =3 A and
[:=10.A in opposite directions. An electron 15 projected exactly midway befween the wires
with a velocity of 107 m's pasalle] 1o the wires. The masnitude of the net magnetic force on
the electron 1s:
(3) 9.6 < 10N (b)192x 10N (©32=10*N  (d)Zero
4. Avery long straight wire carries a current I along the pesitive Yoaxis: At a certain tnstant. a
charge ~Q at position (x. 0, 0) moves with velocity v=vi The direction of the magnetic
force on the charge is:
(a) Along —Z (b) Along—Y (cyAlonz =Z (d) Along =Y
A deuteron (2u, +e) and a proton (1u, +) enter a magnetic field with the same kinetic
enerey. I the deuteron descnibes a cirele of radius 0.5 me the radius of the proton's path 1s:
(Y05 /v2m (b) 052 m (c)025m (d)10m
6. Two identical crronlar cotls of mdms R and N tums are placed concentncally such that thewr
planes are at ngit angles. If currents I and 31 flow through them respectively. the resultant
maonetic field at the center 15
(2) usNI. 2R (b) 2usNI/ R {c) NI/ R (d) V21N | R
A non-conducting ning of radms R has a total charge Q distritarted uniformly. It rotates wath
an angmlar velocity ® about ts axis, A uniform magnetic field B s applied perpendicular to
the axis. The torgue on the rmg 1s:
(2) (12)QuRB {b) QaRB (e} {(1'4QuRB (d) Zero
8. Three parallel lons wires are placed such that they form an equilateral mangle of de d mn
the cross-sectional plane” Each camies cutrent I in the same direction. The force per unnt
lencth on any one wire is-
(2) peF/ 2nd (b) V3peF / 2nd (e)pel/7d  (d) 2l md
2 A sguare loop of side L carmmynng current I: 15 placed m the same plane as 2 long stransht
wire carrying current L. The side of the loop nearest to the wire1s at a distance L. The net
force on the loop 1s:
(2) pelilz . 2m (b) pelil= / 4w (e)pelil=/ 6w (d) Zero
10. A crrcular loop of radius 10 om cames 5 A current If 1t 15 placed n a2 oniform field B=02
T such that stz plane 15 perpendicular to the field. the net force and torque are respectively:
(2) 0.1 N, 0.01 Nm (b)0.0 (©)B5N,0 (d) 0, 0.05 Nm
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11 A moving coil galvanometer (MCG) has a resistance of 100 @ Tt gives 3 full-scale
deflecton for 10 mA. The current sensitivity 132 divvmA Thevoltage sensitivity of the
galvanomeier is;

(2) 20 dr'V (b) 0.02 div'V (c) 200 div'V (d) 5 dw/V

12. A galvanometer of resistance G 15 shunted by 2 resistance S, Te protect the mstrument, a
fuse of resistance R, 15 added 1 senies only to the galvanometer branch If the oriomnal full-
scale deflection current was [, the new maximum current 1 that the ammeter can méasure
15

@1, [1 - (G~ &/)S] (b) I, 11+ GAS ~R7)]

(e} I, [(G=8)S] (dy L [1=SKG~= E:)]

13. A moving coil galvanometer has its number of tums inrreased by 25% to increase its
current sensitivity. However, due to the thinner wire psed. the imemal resistance of the caul
mcreases by 30%. The resulimg percentage change n its voltage sensitivity is.

(a) 23% increase (b) 16.67% decrease (c) 20% decrease  (d) 10% decrease

14. A square conductng loop of sude 2 and current I 1s placed m 2 uniform magnetic field B.
The munimnm work required by an external apent to rotate the loop from its most stable
equilibrium: oriemation to Bs most unstable equlibnum onentanon 1s:

(a) Zero (b1 i*B (c)21*B (d)-1a"B

15. Using Ampers crreuital law, magnetic field mside a long solenoid 1s mdependent of
(2) Current (b) Turm density (c) Cote permeability  (d) Amperian loop shape

16. Figure of ment of a moving coil galvanometer 15 the current
(a) Neaded for full scale deflection (b} Neadad to just move the needle
(ciNeeded to move the needle by | diviston onscale  (d) None of these

17. A charged particle moving along —x enters a remon where 2 uniform magneuc field exsts
along —y. If the particle 1s negatively charged. mitial deflection 15 toward:

(a)+z (b)—= (€)+¥y (d)—=x

18. A rectangular loop carmving current 115 free to rotate m 2 uriform magnetic field. Stable
equilibrium occurs when masnstic moment i5:

(a) Parallel to B (b) Antiparaliel to B (¢} Perpendicular to B (d) Zero

15. A charged paricle enters 2 magnetic field and continues undefiected. This can occurif
(AviBonly (b)g=0Conly {c)v=0only (d)More than one of these
situations

20. At the centre of a recular hexagonal loop camyme current I, magmetic field 15 B, If current
15 reversed mn three alternate sides only, resultant field 1s:

(a) Zero (b)B/3 {(c)B2

1 (b} (c) 3 (@} 4 (d} 3 (a)
6 (ci 7 {a) 8 (b} 9 (b} 10 | (B
11 (a) 12 (a) 13 (b} 14 (c) 15 | (d)
6 | © |7 | ®|8|@|v|@|2]@

Assertion-Reason Questions

[t




[

rn..J-

Instructions:

{a) Both A and R are true and K is the correct explanation of A.

(b) Both A and K are irue but K is NOT the correct explanation of A.
() Ais true but R is false.

(d) A is false but K is frue.

. Assertion: The kinetic energy of 2 charged pamicle moving in 2 untform magmetic field

fematns consiant.
Reason: A moving charged particle expertences a magnetic force that 15 directly proportional
to s velocy

. Assertion: A radial masnetic field 15 essenhial i a movine coil salvancdmeter to maintain a

.ljm JE—'-'?].E

Reason: A radial maonetic field makes the masnetic torque on the coil inversely proportional
to the current.

Assertion: Increasing the current sensitivity of 2 galvanometer by mcreasing the number of
tums alveays increases 1ts voltage sensitivity

Reason: Voltage sensitivity i& mversely proporiional to the resistance of the coil, whach
mcreases with the number of tums.

Assertion: A current-carrving solenmd tends to contract aaally when current 15 passed
through ot

Reason: Parallel wares carrying currents i the same dwection attract sach other

. Assertion: The magtutude of the maehetic field at the center of a circular current-carrying

loop 1s nversely propartional ta 1ts radius.
Reason: The mamnetic ficld hines of 3 circular loop form closed concentnie circles stnictly
within the same plane as the Joop. '
Assertion: %nalmandapminnpm;madmjhth:am same momenium into 3
transverse magnetic field will follow circular paths of the same radus
Reason: The mass of 2 proton 15 approxmmately 1836 tmes gr=ater than the mass of an
electron.
Assertion: To convert a galvanometer inte an ammeter, 3 high resistance 15 connecied m
parallel with it
Reason: An sdeal ammeter should have zero resistance so that 1t does not alter the mamn
current flowime through the circunt

ANSWERS
1B 2€ 3D 4Aa 5C 6B 7D

Two-Mark Questions

. Acucular coll of rads R carnes 3 steady current I Deduce the distance from the centie of

the coil, alonz s sxus, where the mamnetic ficld becomes ane-eishth (1 8) of 1is value at the
centre.

A long straight solid wire carrving current 1 18 placed coaaally meide a long holiow tube
carrying an egual current I o the oppestte direction. Using Ampere's circural law, find the
magnetic field in the annular rezion between them and completely outside the tube.

A posiirvely charped particle enters a remon of mutually perpendicular uniform slectric (E)
and mamnetic (B) fields. I s veloaty v > E/B, Will the electnc force or magnetic force
dominate the deflection” Fastify vour answer
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An electron enters a uniform masonstic field with velocity v, Show mathematically that sts
kinetic energy remams constant even though its linear momentum changes contimuously.

A stratoht honzontal conduching wire of mass m and length 1 1 placed in a umform
horizontal mamnetic fisld B perpendicular to it What should be the magnitude and direction
of the current in the wire so that 1t experiences ne tension m 15 supportne wires?

Two mnfinitely lone straisht parallel wires separated by a distance d canry currents Tand 3 Tm
opposite directions. Locate the exact pomt on the lins jommg them where the net magnetic
ficld 15 zero.

An electron in a hydrogen atom jumps from the first orhit 1o the second orbit. How does the
ratio of 1ts orbital masnetic moment to its orbital angular momentum change? Give reason
A sguare loop of sldﬂacant'mgcmrenﬂ lies flat in the X- Y plane A uniform magnetc fisld
B =B (i +k) 15 applied. Calrulate the magniude of the magnetic torque actine on the loop.
Why i5 a radial magnetic field required in 2 moving coil galvanometer? If flat masnetic poles
are used mstead, how wll the relanionship between current (1) and deflection angle (8)
change?

10 A student mistakenly connects a laboratory ammeter m paraliel with a 10 Q resistor in an

Id
¥

I+

active curcust. Explam the electmical conszgquence of this error on the ammeter and the corowt.
Solutions:

. Field on axis: 8, = {wIR?) ' [2(R* + x7)7/z] Field at centre: B, =l / 2R

Grnen5.=5. 8

= (alR7) ( [2(F® + &) 2] =18 (ual { ZR)==R* [((B® + &) 2)=1/8R

=R = (RF + ) = R =+ (R~ %) = 4R =R - =3x=1R

Annular remen (radrus £): Enclosed curretit 1s T

By Ampere's Law: B{2mr) = pel == B = pal | (2m).

(1) Outside the tube: Net enclosed current {_,, =1- 1=10_ Therefore. B=10.

It wall deflect towards the maonehic field

Justufication: Magnetic force F_ = qvB, Electnic foree F, =qE

Given v >EB=vB>E="qvB > qE. Smee . = F;, the magnetic force Jomunates.
Magnetic force B, =g{v = B).

By properties of cross product, F, 15 always perpendicular to velooty v

Watk done dW=F,, - dx=F, vdt=0(since £, L v).

By Work-Enerzy Theorem, since W=10, AK =0 Hence, KE 15 constant

For zero tenston, masnetic force must balance weight £, =mg==ILB=

Maonimde of current I=mg / LB,

Directionr By Flenuno's Left Hand Rule, corrent must flow such that the foree 15 directed
vertically upwards (oppostte to gravity).

Null pomt lizs outside the wires, closer to the weaker curreat (T). Let distance be x from
ware with cumrent T == pul/ (2ax) = pe{31) [ 2nfd +x)]. == 1% =3/ (d—x}=d+x=3x
== x =d 2 The point is at distance d'2 from the weaker wire on the outer side.

. The ratio remans vrichanged (1:1). Reason® The rahio of magnetic moment to angular

momentum 15 the gyromagnetc ratio (e 2m). It 15 2 umiversal constant for an electron and 15
independent of the orbat.




Masnetic moment M= Ia® k (since loop 15 in X-Y plane), Torque t=M % B = (I2°k) * Buli
— k) =1a"Bak * 1) = 17Bu(k * k). 1=12Bs j Maznituds of torque = I'Ba.

A radial field ensures the plane of the coil s alwvavs parallel to the magnetic field (angleis
0), ensuring maximurm torque (1= NIAB) and a linear scale (Toc 8). If flat poles are used. ©
=NIAB smia) The relation becomes non-lmear (I « #'sin(a)), making the scale unsven
and difficult to read.

10. Consequence: An ammeter has very low resistance. Connecting 1t i parallel ereates a short

|
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ciromit across the ressstor. A massive current will flow throush the ammeter, which wall
likely burn out 1ts cotl and blow the fuse, potertially damaging the circust’s power supply.
Three-Mark Questions

. Athin non-conducting ning of radres R cames a total charge Q) omformiy distributed over

its circumference. The rine is rotated with a constant anoular speed o about itz central axis.
(a) Deduce the eguvalent electne current constifuted by this rotating nng.
[b) Obtam the expression for the magnehic field generated exactly at the centre of the ning.
A wire cammying a steady current I 1s bent mto the shape of 2 sine wave y =A sin{x) from x =
0to x=m It 15 placed 1n a uniform maenetic field B-= Be § (directed along the positive y-
axis). Usmng the vecior properties of mamnetic foree, deduce the net magnetic force acting on
this curved wirs:

Two infinitely long. 1nsulated straight wires lie in the X-Y plane aleng the x-axis and v-
axis, respectively. Both canry the exact same steady current 1 in the positive axis directions
(Hand )

(a) Determine the locus of all pomnts i the X-Y plane where the net maonetic field is
stnictly zero.

(b) Briefly descnibe the direction of the net magneuc field m the first and third guadeants.
In-z lab expt. , 3 stodent finds that the 'ficure of ment’ of a given moving cotl galvanometer
15 0.005 A/drv. The galvanometer scale kas exactly 30 drvisions, and the imternal resistanice
of the coil 15 20 O Calculate the exact value of the resistance that must be connected fo this
gabvanometer to convert it mto a voltmeter capable-of readmg up t0 30V

A smgle pomnt charge q moves with a constant velocity v (where v <<¢).

{(2) Wite the expression for the maonetic field B produced by this moving charpe ata
positioil vector o

(b) if the charge moves alone the x-axis. find the ratio of the maonitude of the mapnetic
field to the electnic field (B E) 1t produces at a distance r stnictly along the v-amis.

An infinitely long. tightly wound solenoid cammving a current 1 has a uniform magnetic field
Be well nside 1ts core near the centre. By utilizing simple logical symmetry arguments
(without performing complex integration), deduce the exact mastitude of the maonetic
field exactly at one of the open ends of this semi-infinite solenoid

Auniform conducting wire of length L cames a current T It 15 bent to form a perfect square.
Deduca the exact mathematical expression for the magnetsc field produced at the geometric
centre of this square
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Solutions:
The time penod of one revolution 18 T= 21 / ¢, The equuvalent currert I 15 defined as
charge passing per umt ime: 1= Q. T=Q/ (n/ ©)=(Qw)/ ().
(b) The maenetic ficld at the centre of a curcular current loop 3 B = (I} / (2R).
Substituting the equivalent current I B= (1) / (2R} * (Qo [ 21) = (1oQe) / (47R).
The magnetic force on any arbitranly curved wire @ UNIFORM magnetic fisld depends
ONLY on the stranght-line displacement vertor (L) connecting its starimg point 10 1ts
endmne pomnt. F=1L =~ B)
The wire starts atx = 0 and ends atx =x The displacement vectorL=x 1
The masnetic fisld s B=5o .
F=I(ni*Be{}=InBe(i*)=InBck
The net foree 15 InBo directed along the positive z-axic.

. (2) Field due to wire along x-mas at pomt (x.3) 15 B = (eI (2my) k (for y>0). Field due 1o

wire along y-axis is B:= (pal) | (2mx) k (for x0),

For aet field to be zero, Bi = B: = 0 == (ud) | (2mv) = () / (2mx). Therefore. v=x Ths
locus of null points 15 the straight line vy =x

(b) In the 1st Quadrant (x>0, y=0) For y>x_ field is out of page (=k). For y<x. field is mnto
paze (-k). In the 3rd Quadeamt (x=<0, ¥<0); The direction flips due to the signs of x and v,
yielding out of page for [yi=ix| and mto page for [y|<jxl.

Figure of merit (k) is current per division Total full-scale cutrent [, =k * (Total
Divisions).

1, =0005 Aldiv ¥ 30 div=015 A.

Grven G=20 90, desited voltage V=30V

Series resistance required R, =(V/1,)-G. R.=(30/015)-20=200-20=1800
A reststance of 180 O must be connected i sénes.

. (a) Biot-Savart law for 2 moving charge: B =(padm) * [q(v > 1)/ 1], where r 15 the position

vector from the charge 1o the observation point.

(b) Elecinc field magmtude E =(1'4ns0) * ().

Magnatic field magnrtude (smee v and r are perpendicular, angle 15 90°). B ={la 31} *
(gvi/r5).

Ratio BE = [(pe'4m) * (quir)] | [(1470) * (g'r)] = (1102e) * v

Since psgs = 1/c”, theratio BE =vic™

. Imagine an mfinsntely long solensid spanning from - to <o, The field exactly at its centre

(origin) 15 Ba Now, conceptually cut this infinite solenoid mfo two identical senm-infinite
halves at the ongin. By the principle of superposition. the field at the ongin Bo is the vector
sum of the fields produced by the left semi-infinite half and the nght semt-mfinite half.
Since both halves are perfectly idemtical they contribute egually fo the field at the cut
pomt Therefore. By o= Hyprr = Be == 2By = Bo == Bp,;- =Be 1 The field at the open
erifl of 2 semi-infinite solenoid is exactly half the field deep inside

The total length 15 L so 2ach side of the square 15 2 =14 The distance from the centre to
any side 18 d =a 2 =18, The magnetic field at the centre due to one straight side of lenoth




218 B: = (1ol / 47d) [sin(45%) = sn(45°)] Ba= el / 4n(L 8)] * (102 = 142} = (2p] / L)
. {l-wr'.?} = (2%2 wal) | nL_Smce there are 4 wdentical sudes and their maonetic fields all point
in the same direction (e g, info the page), thenet field is 8,.,,=4 = B; =4 * [(2%2 jul)/
aL] = (842 ual) ni.

Case-Based Question

An Electromagnetic Blood Flow Meter measures blood velocty v withot surgerv. An
glectromagnet applies a uniform maonetic fisld B perpendicnlar  #se i so o i

to the blood flow Blood contains fiee jons, The Larentz forre W |

deflects these 1ons across the blood vessel of diameter d. ereating .
a transverse electnc field, Equilibnnm s reached when the
electnc and mamnetc forces balance. producing a steady
potential difference V across the vessel walls.

1. Blood flows along +x and the magnetic field B 15 along +v. At steady state, whers do the
1ons accurnnlate?

{a) Positive on —z Negative on—Z (b) Positive on -z, Negative on—+z
{c)Bothon+z (d) Both on —v

2. At equihibrium. what 1s the measured potential difference V7

(a) V=vH/d (ByV=vBd ic) V=Bwd (d)V=1dB

2_An artery’s cross-sectional area halves {A' = A'2) due to a blockage. [f the volume flow rate
{(Q) remains constant, the new measured voltage V' 1s:
ayv2 (B) 2V () ¥2V (Vv
4. I pure deionized water 15 pumped through the meter instead of blocd, the voltmeter reading
will ba:
(a) High (water has high permittivity) (b) Low {water 15 diamagnetic)
(c) Zero (no free charpe camers) (d) Zero (magnetic fields block water flow)
Answer Key
La 2b 3c 4c
Five-Mark Questions
1. Abeam contamming a muxinre of two stnoly 10nized 1sotopes of an element, having masses
m: and m= (ms > m:), 15 accelerated from rest through a potential diffesence V The beam
then passes completely undeflected theouch a ‘velocty selector’ region contaming mutually
perpendicular umform electnic (E) and magnetic (B:) fields. Finally, 1t enters 3 region
contatmne only a uriform transverse maznetic field Bz
a) Deduce the relanonship between the accelerating potential V and the fields E and B: m
the first region for the particles to pass undeflected.
b} Upon entering the second region (B:). the 1sotopes separate and hit a photographic
plate. Which isotope (nu or m=) will hit the plate closer to the entry slit? Justify your
¢) Write the 2xact mathematical expression for the spanal separation distanes {Ax)
between the two marks left by the 1sotopes on the photographic plate:
A siudent 13 provided with 2 moving coil galvanometer of resistance G= 100 Q having a
full-scale deflection current of [,= 1 m&A They are asked 1o measure the potential
difference across a 500 Q resisior connected 1n series with a 10 Videal battery and another
SO0 O resistor.

[
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2) The student first connects the galvanometer directly across the 300 Q resistor Caleulate
the voltage readms it displays. Explan physically why this reading 1s-wildly inaccurate
compared o the 'true’ voltage,

b} To fix this, the student converts the galvanometer into 3 voltmeter of range 0- 107V,
Calculate the exact value of the sénes resistance requured for this conversion

¢) The student now uses this newly constructed volumeter to measure the voltage across
the same 500 Q ressstor. Calculate the percentage eror in the measurement compared to
the true theoretical voltage.

Three infinmtely long, straicht, parallel wires A. B, and € lie tn the same horizontal plane.

Wires A and C are nmdly fixed at a separation distance of 2d and carry steady currents of [

and 41 respectively, i the same direction Wire B. carrying a current L in the opposite

direction. 18 free to move but 1s currently held 1n place between them

a) Determing the exact geometrical position where Wire B must be placed so that it
expenences zero net masnetic force when released,

b} If Wire B 15 displaced slightly from this equilibriom position stnictly along the line
joining A and C, will 1t execute oscillatory motion, or will it be pulled entirely towards
ong of the fixed wires? Justify vour answer by analyzmg the nature of the marnetic
forces.

¢} Dees the equilibrium posimon of Wire B depend on the magnitude or the direction of
the current L flowingz throush 17 Give a reason.

Two identical circular coils. Cy and Cs, 2ach of radius R and carrying the exact same

current [ 1n the same clockvase sense, are placed coaxually with therr centers separated by a

distance B

a) Calculate the exact magmitude and direction of the net magnetic field at the nudpous O
on the axis between the two cails.

b) A statonary proton i suddenly released at exactly the mudpoim Q. Descibe s
subsequent state of motion. Will 1t aceelerate? Tustify

¢) Now, a highly energetic alpha particle 1s shot precisely alone the central axis of the
couls from outside the system, passing through C:, midpoint O, and then Cz Describe
how the kinetic energy and the linear momentum vector of the alpha particle change
during this entire joumey.

Solutions

Far undeflected passage, Loreniz force is zero: gE = qvBs = v =E/B: Veloctty s acquired

by accelerating through V- Yo = qV Substimuting v 4m{EB:F =gV => V= (mE%)

20B4°).

(b) In field Bz, radius 1= mv [ (gB:). Since v, g, B: are identical for both, r € m. Since m: <

e, 12 < r:. The hoiter 1sotope (i) huts closer to the entry shit

() Separation Ax = chameter, - diameter: = 26 - 2= (2v | gB:)(ms - m:). Substituting v=

EB: Ax=(2E | qB:B:)(m: - mo),

(a) True voltage (voltage divider): V_true =10 * [500 ' (500+500)] =3V, Parallel

resistance of Gand 300 ©: R p=(300* 100}/ 600 =283.33 © Total resistance = 500~

§3.33 =58333 0 Mamn curtent I= 10/ 58333 =0.0171A Voltage reading=1" R p=




(0171 * 83 33 = 1 42 V Reason: The low resistance of G draws massive current, altering
the circut's equivalent ressstance and severely dropping the measured voltage.

(b) Voltmeter conversion: B s=(V /1 8)- G=(10/0.001) - 100 = 10000-100=9300 Q
() New voltmeter R v = 10000 ©Q Parallel with 500 @: B’ p={500 * 10000}, 10500 =
476.19-€) Totzl resistance = 500 +476.19=976.19 Q. Mam T=10 ' 976.19 =0.01024 A_
Measured Voltage Vo =1 * R; =0.01024 * 476,19 =4.878 V. % Emor =2 44%,

3. Let B be at distance x from A Distance from € 15 (2d - x).
Force from A (repulsive, pushing nght): F_A= (e 11), (2mx).
Force from C (repulsive, pushing left): F C= (e H L) (2=2d-x)).
Equlibtium:F A=F C=1x=4(-x)=2d -x=4x=3x=2d=">x=273%
(b) Gscllatery motton (Stable eguilibrmum). I displaced night (towards C). distance from C
decreases, so restoring force F_C (pushing Ief) increases. Distance from A increasss, so
F_A (pushmg nght) decreases. Net force 1s restonng.

No. The eguilibrium posttion (x = 2d'5) only depends on the ratic of fixed currents Tand 41 I
cancels out mathematically, and reversme direction makes both forces attractive but they sull
balance at the exact same point.

4. {2) Midpoint distance x = R'2 Field due to one codl B: = (IR / [2(R* - (R 2F)(3:2)]=
(4pel) / (545 R). Nt ficld B_net =B~ B:=2* By =(8e]) / (5V5 R). Direction: Along the
(b) Proton remains perfecthy stanonary. Magnetic force F = g(v » B). Smre mtial veloaty
v=0,F=0. Itwill not accelerare. '
ic) Kmetic Energy: Remains sinetly constant because magnetic force doss absalutely zero
work Linear Momentum: The dlpha particle's velocity i completely paralle] to the
magnetic field along the central s (v || B). Thus. F =qfv * B) =0. With no transverse or
longitudmal forces, linear momentum remains completely unchanged m both magnimde
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CHALLENGE CORNER

An electron and an alpha particle, moving wath the exact same kinetic enerov, enter a
umiform magnetic field perpendicularty. Which particls will desenbe a curcular path of
a smalier rading?

A student 15 provided with two shunt rexistors: 10 Q and 0.01 © Winch resistor should
they choose to convert a moving cotl galvanometer iato an ammeter, and how should
1t be connected?

A steady electne current flows through a long. hollow copper pipe Is there 2 magnetic
field produced mside the pipe?

A charged particle enters a nmform masnetic field such that s minal velocty makes
an angle of 457 with the magnetic field lines Descriibe the shape of 1ts resultme
trzjectory and identify the velocity compoenent tesponsible for the "pich”. '
Two wfinitely lons parallel m@rms carry steady currents in the sameé direction.
What is the physical nature of the magnetic force between them? I the current in the
first wire 15 doubled and the distance separating the two wires 15 halved. how does the
force per umit length change? .

A bar magnet of magnetic moment M 15 placed 1n a uniform magnenc field B What 15
the total work required to rofate the magnet from #ts most stable equilibrium position
to 1ts most unstable eqmlibriom postion?

Under what exact condition will a charged pamicle pass completely undeflected
through a region with mutually perpendicnlar electrsc and magnetic fields? Does this
cordition depend on the mass or charge of the particle?

If doubling the number of turns 1n a galvanometer coil perfectly doubles s current
senstivity, why does the voltage sensmivity remizm completely unchanged?
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Multiple Choice Questions

1. A short bar magnet has 3 magnetic dipole moment m Let B, and B, be the magnenc
fizlds at an axsal pomnt and an equatonal pomt, respectively, at the same distance 1 from the
centre of the maorer. Whach of the follewing relations 1s correct?

Eﬂ} H:u = EEE; {.h} H:r = _:'!Beg ’:t'} Esq = 'I-E.d.x fd:l B.d.: = Beq

2 A planar etrcular eurent-carmying loop of radios 2 has a mapnetic dipole moment m. If
the radms of the loop 1s doubled while keeping the current constant, what will be the new
magnenc dipole moment”

(a) 2m (b) 4m (e)m?2 (d)mi4

3. ‘According 1o Gauss's Law mmagnetism, the surface mitegral of the magnetic field over
a closed surface 15 zero. What 1= the fundamental physical implication of this law?

{a) Magnetic field lines are always straight. (b) Magnstic monopoles do not exist.
(e Magnetic poles always attract each other. (d) The magnetc field mside a conductor
18 2810

4. An zlley has a very broad hvsteresis loop wath lugh eetentivity and high coencivaty
Based on the hysteresis curve, this matenal is best snted for making

(3) Electromagnets (b} Transformer core

{¢) Temporary magnets {d) Permanent magnets

5 inmmzucmiat{mlﬁbwﬁ Cune's law. If its absolute temperature 15 increased from
200K to 600 K. 1ts magnetic susceptibility will:

(2} Double (b)Become half  (c) Remain constant (d) Become four times

6. The intensity of magnetization (1) of a2 maonetic matertal 15 defined as the magnetic
mometit per umt volume. I a bar magnet of pole streneth g, magnetic length 21, and cross-
sectional area A 15 considered, the intensity of masnetization T 15 equivalent to:

(@) gm A (®) gm /2 (©) gm * A (@) gm (A2
7. Two identical bar mapnets, each of geometric length 10 cm, are placed end-to-end
‘What 15 the approximate macnetic length of a single bar magnet from this pair?

(2) 10 cm (b)5cm (c)84cm (d)115em

8. Ths residual magnetism left in a matenal when the external mapnetizing force (H) 15
reduced to zero 15 known as:

(a) Coercivity (b) Susceptibilty  (c) Retentrvity (d) Permeahility
9 The unit of magnetc dipole moment 1s:
(2) Am () IT () TmA™ (d) Ani!

10. A cwrent loop of area A and N nums cames a current I If vou ook at the face of the
loop and the current appears to How m the clockwase direction. what 15 the mamnetic
polanty of that face and the direction of the dipole moment relatyvs to vou?

() North polanity; dipole moment pomis fowards you

(b) South polarity; dipole moment points towards vou.

(c) South polarity; dipole moment pomts away from you

{d) North polarity. dipole moment potnts away from you.

Answer Key for MCQs
1. (b} 2.(b) 3.(b) 4.(d) 5.(b)
6.(3) 7. (c) 8.(c) 2 (b} 10. (¢}
Assertion-Reason Type Questions
Durections: For the following questions, select the correct option:

{A) Both Aszsertion {A) and Reason (R) are true, and (R) 1s the correct explanation of (A).
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(B) Both Assernon (A) and Reason (R) are troe, but (R) 15 not the correct explanation of
(A)

(C) Assertion {4) 15 true, but Reason (R) 15 false.

(D) Aszertion (A) 15 false, but Reason (R) 1s trus.

Assertion (A): The net magnenc flux through any closed Gaussian surface 15 always zeto,
Reason (R): Magnetic poles always exist in pairs (dipoles), and 1solated magnetic
monopoles do not exist.

Assertion (A): The magnetic fiald at an equatonal pomnt of a short bar magnet 15 parallel to
the magnetic dipols moment of the magnet

Reason (R): The angle between the equatonial field and the magnetic dipole moment 15
1807,

Assertion (A): Steel 1s shly preferred over soft iron for making permanent magnets.
Reason (R): Steai has a thicker hysteresis loop with much higher coercrvity than soft iron
meaning i1 15 not 2asly demapnetized

Assertion (A): When a magnetic dipole 15 placed i1 a uniform magnetic field, the net force
actng on 1t 15 always zero, but (t miay expenience 3 torque

Reason (R): Torque on a masnetic dipalzisemvenbv r=m> B

Assertion (A): The magnetic susceptibilnty of a matenal vanes directly with itz absolute
Reason (R): Curie’s law states that m = C'T, meaning magnetization 15 inversely

propertional to temperature.
Answer Key for Assertion-Reason
1(A) 2(D) 3(A) 4(B) 5(D)

Two-Mark Questions

. A wire of constant length L carrving a current I can be bent mto a single-tumn crecular loop

or a single-tum sguare loop. Which shaps will produce a greater magnetic dipole moment?
Tustify voutr answer mathematieally

Astudent calculates the maenetic &ipal‘e momant of a 15 cm long bar mapnet by assumine
15 poles li= exactly at 11= geometrical ends Will the tree measurable masnetic moment be
lesser or oreater than this caleulated value? Give a physical redson for vour answer,
Matenal X exhubits a broad hysteresis loop with high retentivity and high coercivity, while
Material ¥ extubits 2 nasmow 1:31}1} with low coercivity. Which of these materials is suitable
for making (1) 3 transformer core, and (1) a permanent maonet? Give one fundamental
fedson fﬂr each chopice.

The ferromamestic won cofe of a heavy-duty elactromagnet acaidentally overheats, and 1ts
temperature approaches 1000 K. What wall happen to 1tz hifting capacity, and what spenific
phase transition occurs at this temperanre? Name the law that govens this behaviour.

A cylindneal parmanent magnet of voluma V and mapoetic moment m 15 shiced exactiv in
half along 1ts longitudinal axis (paralle] to s length) How does the Intensity of
Magnetization (1) of each half compare 1o that of the onzinal magnet?
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Answers (Hints)

. Magnetic dipole moment m = IA. For a constant penmeter L. a circle encloses agreater

area (Apereie = L74x) compared to a square (4. 5uqr- =L516). Smice Apie = Aovioee, the
crrcular loop has the greater dipole moment.
The troe magnetic poles reside slighitly mside the peometnical boundanies of the magnet
Therefore, the effecuve magnetic length (21) 15 shorter than the geometnic length (15 emy),
making the troe dipole moment {m = gy, * 21) lesser than calculated.
Matenial Y's namow loop ensures nunimal hyvsteresss enerpy loss dunng AC masnstization
cvecles. Matenal X's lugh coercivity ensures the permianent macnet cannot be easily
demaenetized by stray extemal ficlds or mechanical shocks.
At roughly 1000 K. tron reaches its Cune Temperature and undergoes a phase transmon
from strongly ferromapnetic to weakly pamamaconetic This thermal agiation randomized
mamnetic domains, governed by Curie’s Law (3 « LT),
Intensity of Magnetization 15 defined as I =m/'\. Shicing the magnet longitudinally exactly
halves its valume (V —V/2) and 1tz pole strength/magrietic moment (m — m.2)
Therefore, the ratio (m 2)/(V/2) remains I, perfectly unchanged.

Three-Mark Questions

. Derrve the expression for the marnetic field B at an axaal pomnt of a magnetic dipole of

magnetic lenpth 2] and pole strength g, Deduce the expression for a short magnst
Explain the analogy between a current-carrying planar loop and a magnetic dipole. State
the Right-Hand Rule used to determine the direction of the dipole moment:

. Draw a typical Hysteresis loop (Mamnetization curve) for a femomagnetic matenal Tabel

the points representing retentivity and coercivity. Based on the arez of this loop, distinzuish
between matenals used for temporary and permanent magnets.
Answers

. NetfieldB=15,-B:

B= (g, 47)* [ 117 - 11 A (R I
B = (o /4m) * [ 421/ (5°- 157 ] U S '

Since dipole momeni m =4, * 21 i '

By =(po/ 4m) * [ 2mr / (- Fy ]

Short Maonet Approomation: fr== 1 thenr-F=¢°

B =(ie/4m)*(2m/ %)

A correnf-carrving planar loop acts as a magnetic dipole: A face with counter-clockwise
current acts as a North pole: a face wath clociowvise current acts as 3 South pole Dipole
moment m=IA Right-Hand Rule: Curl the fingers of vour right hand m the direction of
the current. Your extended thumb points m the direction of the masnetic dipols moment
(and the Nosth pole).
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Retentivity: Residual mmapnetism when masnetizing field

(H) 15 zero. Coercivity: Reverse field (-H) needed 1o fully ey
dissipated as heat per cyele. Dhistinction: i ,‘ 14
* Temporary Magnets (e.g, Soft Iron): Require narrow loop 1 J,' |/
for loss. IvIty. . /¥
(small area) for low ensrgy loss. Low cosrcivty g s |

* Permanent Maonets (e:z., Steel): Require broad loop (larze
area) to resist demagnetization. Hich coercrvity
Case-Based Question

Magnetic Properties and Hysteresis
When a magnetic materal 1s subjected to 2 cvcle of magnetization, the imfensity of masnetizaton (1)
does not exactly track the magnehzing force (H). AsH mrreases, [ increase and eventually reaches
saturation. When H 1s reduced to zero, the matertal retains some magnetism, a property knovwn as
retentrvity. To completely demagnetize the material (=0), an oppoante magnetizmg force must be
applied, known as cosrcivity. The closed curve representing one complete cycle of magnetization
and demmagnetization 15 called a hysteresis loop. The area under the hysteresis loop represents the
enerzy dissipated as heat durmz one cycle: Matenals are chosen for sperafic applicanons basad on

the shape of this loop.

1. The residual magnstism present in a substance when the external magnietizing force is
reduced to zero 15 called:
(a) Coercovity (b) Retentivity (c) Susceptibality (d) Permeability

2. To completely demagnetize a material. a negative macnethzing force is apphed. This
required opposing force 1s termed:
(a) Magnetic infensity  (b) Retentivity (¢} Coercivity (d) Saturation point

3. A matenal desiomed to be used as a core for an electromaznet (a temporary mamet) should
weally possess:
(@) High retentryity, low coercivity, and a thin hysteresis loop
(b} Low retemrvity, low coercrvity; and a thin hysteresis loop

(c) High retentivity, hugh coercivity, and 2 broad hysteresis loop

{d} Low retentrvity, hugh coercrvity, and 2 broad hysteresis loop

The physical sigmificance of the area enclosed by a hysteresis loop 15
(@) The maxinmum marnetic field the matenal can produce.

(b) The maenetic flux densirv of the matenal.

(c) The loss of energy per cycle of magnetization and demasnetization
{d} The Cune temperature of the material

Answer Key for Assertion-Reason
1(b) 2(c) 3(a) 4(c)
Five-Mark Questions

1. Consider a bar magnet of pole strength gm and magnetic length 21 Derve the mathemaneal
mmﬁnrthemamﬂmﬂelﬂatapami?lmated on the eqzﬂmmlhngmadmmmrﬁm
the center of the magnet.




2) Show that for 2 short bar mapnet, the magnetic field at an asial point is twice the
magnetic field at an squatonal pout located at the same distance.

[

a) Define the followmng terms and staté théir ST units:
(1) Magnetic Freld Intensity (H)
(1) Maznetic Permeability (1)
(1) Magnetie Susceptibility ()
k) Establish the relation I =m'V=gm A shoving how the intensity of magnetization
relates to pole strength and cross-sectional area

a) Explamn how a current-carrving circular loop of radus a and current T behaves hke a
maenetic dipole. Use the magnetic field expression for a pont on the axial line ata
larze distance {(x >> 3) to prove this.

b) Acircular cotl of 100 tums and radius 5 cm cames a carrent of 2 A Calculate ns
magnetic dipole moment

c) Wine the formula for the torque actmg on thus magnetic dipole 1f it 15 placed mn a
umiform mapnetic field B at an angis B,

ARSWers:

1. a) Equatorial Magnetic Field Derivation:

Let the point P be at distance r from the center Distance from N or S poleto Pas N(£ = )
Mamnetic field at P due to North pole: B N=(W'4a) * [g,, /(£ =1)]

Mamnene field 2t Pdue to South pole B 8 = d5) * [g,, - (F=F))

Vertical components (B smb) cancel out. Honzontal compenents (B cos8) add up.
NetField Beq=2%B N " cos.

From geometry, cos =1/ v(rf + F).

Beq=2* (4m) *[gm / (°=I* 1/ Ve ]

Beq=(w'4m) * [la m* 20) (1% + )72} |
Sinre magnetic dipole momem m=g,, *21  Beq=(pe/dm) * [m/ (% + 77772

b) Short Bar Magnet Comparison:

For 2 shoit magnet. 1 ==L so (= F) =

Equatonal field becomes: B,; = (uw4n) * (m/ 1)

We know the Axial field is: B,, =(1'47) * (2m ) - Bo. =2 * Beq. (Hence proved),

2. a) Definitions and SI Units:

(1) Magnetic Field Intensity (H): The degres or =xtent to which an extemal magnetic field can
magnetize a substance. 81 Unit: A'm { Ampere per meter).

{11} Magnetic Permeability (u): The ability of a material to allow the passage of magnetic field
lines through 1t ST Unst: T-m'A or H'm (Henry/meter),

(111) Magnatic Sosceptibulity () The rato of the imntensity of magnetization (1) induced m the
material 1o the applied magnetizing field intenzsty (H). S1 Uit Dimensionless (No unit).

b) Establishing the Relation I = m/V = g,,/A:




Intensity of Magnetization (I) 1s defined as the masnetic dipole moment per unit volume:
I=m/'V
For 2 bar magnet of length 2| and cross-sectional area A Volume V=A* N
The magnetic dipole moment m =g, * 21 (where q,, 15 pole strength)
Substituting these into the formula I={(q,, *2!) /(A * 2]}
Cancelling 21 grves: = q.,, ' A (Hence provad).
3. a) Current Loop as a Maznetic Dipole:
A curreni-carrving loop has two faces behaving as opposite magnetic poles (Clockwise =
South. Anticlackwise = North),
The magnetic field on the axis of a circular loop s B=(ne * 1* )/ [2* (x* —2%)(3.2)]
For alarge distance (x> 2), s neclected: B={(1 *1%a5/ (2 * x%)
Multiply numerator and denomumator by . B=(pe*1*n* &)/ (Za *x%)
SmeeAreaA=n*a wegetB={u: * JA) (4n * x%)
Comparing this with a short bar maonet (B = (s 4n) * 2m %), we sec the loop acts as a dipole
with masnetic moment m =14
b) Calculation of Magnetic Dipole Moment:
Formula m=N*1*4
Grven N=100, I=2A r=5cm=00m AreaA=a*r*=3 14" (0.05F=0.00785 m*
m=100*2* 000785 =157A-m"
c) Torque Formula:
7= mB sinf (In vector form: 7= m = B)

Wheze m 15 the magnetic dipole moment, B ts the maonetic field, and 6 1s the angle between
them
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CHAPTER 06

& ELECTROMAGNETIC INDUCTION -

1 WHAT 1S ELFCTROMAGHETIC IHDLUCTION?
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MULTIPLE CHOICE QUESTID\S

1. Figure shows a rectangular conducior PSRQ m which > ol | 3R,
mmzh&m?Qhasammsﬁncerznﬂmmaﬂrfaf I = = &= = |- = W
PSRQ ts neglimible. The magmitude of emf indoced when 17 )

PQ is moved with a velocity v does not depend on (CBSE || o ;
2025) T LT

(a) magnetic icld B (b) velocy ficld v .

() resistance 1 (d) length of PQ

2. There are two coils A and B as:shown in Figure A current starts fowing in B as shown, when
A 15 moved towards B and stops when A stops moving. The current m A 15 coumter clockwise, B
15 kept stationary when A moves. We can mfer that (CBSE 2023)

(a) there is a constant curfent in the: clockwise diréction in 4

(b) there 15 avarying cuorrent i A () there 15 no current m & O_' O

(d) there 15 a constant current n the counterclockwise direction tn
A
3. A coil of 100 tums cames a current of 5 mA and creates a magnetic fhux of 107 weber. The
miductance is (CBSE 2025)
{a)02H () 2.0 mH (c)002mH (d)0.002H
4 In'a el of resistance 10 7, the mducad current developed by
changing magnitude of change in flux through the coil m weberis | °
(CBSE 2025) s | N\
(2)8 (b) 2 (©6 (d) 4 \

01 hn
5. The current 1n the pnmary cotl of a pair of coils chanzes from 7A to 3A 1 0.04 5. The mutual
mMmhﬁnmthemmﬁmﬁ*‘iThamﬂuc:dmxfmﬂxmﬂm coil 1s (CBSE 2023)
(a) 50V (b) 75V () 100V (d) 220V
6. Rohan and his sister were playing with two coils of insulated copper wire. Thev placed the
couls close to each other Rohan noticed that whenever the current in one cotl was changed
rapidly, a daflection was observed in the zalvanometer connected 10 the other coil. The mutuzl
inductance of such a pair of couls depends upon the:
(a) relative onentation of the two coils (b) mumber of tums m the coils
() nature of the matertal placed between the conls (d} All of the above
7. Dunng a school: science exhibition, a sguare loop of side: 0,50 m was placed i 3 uniform
magnetic field of Q4T acting perpendicular to the plane of the loop. To demaonsiate
electromagnetic mduction, the loop was rotated by an ancle of 60° about one of its sides 1002
seconds: The value of the mduced emf 1n the loop will be:
201V (b 025V (c)svV (dy1ov
8. In a school physics laboratory, anelectromaenet A (a long solencid) 1s connected 1o a battery
and a rheostat, as shown in the figure. An alnminiuin ring B is placed coaxially facing one end




of the electromamet. The current 1 through the electromasnst can be increased or decreassd by
adustme the rheostat Which of the following statements 15 correct?

(a) If the curent I is increased, the nino B 15 attracted towards the electromaonet

(b) I the current T 1s decreasaed, the nng B 15 repelled away from the electromagnet.

(c) If the current 115 meréased suddenly, the nuo B 15 repelled avway from the electromaznet
{d) The rng B will always be atiracted towards the electromaonst srespective of whether the
current 15 mereased or decfeased.

%A metallic nno 15 placed on top of a fixed solenoid as shown in the ficure: When the current
in the solenoid 15 suddentv switched on, the ring jumps up. This happens because:

{2) The nng 15 atiracted upwards due fo the magnedic field of the salenoid.

(b) A repulsive force acts on the aing due to Lenz's law

() The nng expentences an upward force dus to gravity.

{d) The current in the solenoid produces eddy currents that heat the ning.

10. A bicyele mechanic was repainng a ieyele wheel having ten metallic spokes. Each spoke 1s
230 m long The wheel was rotated at 2 spead of 120 revelutions per mummte in a plane
perpendicular to the Earth’s magnetic field The magnitude of the Earth's magnetic field ar that
place was 0 4 Gauss The induced emf between the axic and the rom of the wheel 15 equal to:
{3) 1.256 < 107V (b)628 <107V (1256 =107V (d) 628107V
11. A farmer mstalled 3 small coil of area A, near an electromiasnet in bus wripation pump system.
The magnetic field linked with the coil changed uniformly from B to 45, 10 a ime interval 1.
The magnrtude of the emf mducad m the cotl wall be:

(a) === by == i-:} (d)y 222

Agr
12, Emn&mppadasma]lharmamﬁtmﬂ} alungthcmufalﬂﬁp_hailuwmaallu:qlmdﬁ
held m the vertical posihon The magnet will fall with:
(a)a>g (bla<g (cla=g (dia =0
13 Asnﬂammsmdtwumlenmﬁsaﬂhﬂmeimghmdm&m sectional area for an
electromagnet project. In the second solenoid: he doubled the oumber of tums per umt lensth
whils keepmg all other dimensions the same. The selfmductance of the second solenoid will
became:
(a) Halved (1) Doubled {c) Four times (d) Exght tumes
14, A conducting circular loop of face area 2 3 » 107 m® 15 placed perpendicular to 2 mapnetic
field which vanes as B=035 sin{ 100m1) T The magnitude of induced emf in the loop at t = 0s:
(NEET 2025}
a1 25m mV (b) 12 5amV (e) 1257V (d)125xV
15. Rohan constructed a long solened for s schoel science project. He warnited to merease its
selfanductance. The self-mductance of the long solenoid cannot be mereased by

(a) increasing 165 area of cross-section (b} ncreasing 1ts length
{c) chanowng the medium inside 1t (d) mereasing the current through it
ANSWERS

8 g 0 11 12 13 14

1 ] 4 T 15
c d a c a d b ¢ b b a b ¢ a d




1. The magnetic potential energy stored in a certain nductor is 25 mJ, when the cument 1 the
inductor 15 60 mA_ This inductor 15 of inductance (NEET-2018) {a) 1.389H

(b) 138.88 H () 0.138 H (dy13.89H
2 The seif inductance L of 2 solenoid of length | and area of crosssaction A with a fixed number
of ums N increases as

{a) | and A increase. (b) | decreases and A mcreasss,

{c) | mcreases and A decreases. {d) both | and A decrease.

3. An emf can be induced m stationary cotl 1f 1t 15 kept m

(a) Stationary uniform masnetic field (b) Statienary non uniform masnene field

(€) Time varyine magneiic ficld {d) Not possihle

4. The battery of 2 mobile phone 15 rated as 4.2 V, 3800 mAh How much enerpy is stored mn it
when fully charged?

(a)87.7 k] (b)43.8 kT (c)48.7 17 (d)24.4%7

3. A loop, made of straight edoes has six corners at A (0,0, 0), B (L. 0,.0), C(L, L, 0), D (0, L,
G)E (0, L. L)yand F (0,0, L) A maonatic field (B=B, (= k) T is presant in the region The flux
passing through the loop ABCDEFA (in that order) 15
(a) BoL* (b)2BaL? (e) VZB.L* (d) 4B4L?
L{d), 2-(b), 3{c), 4(a) ()

ASSERTION-REASON
In the followme guestions 9-and 10, 2 statement of assertion (A) 15 followed by 2 statement of
reason (R). Mark the correct choice as:
(2) Both asseriion (A) and reason (R) are true and reason (R) is the comect explanation of
assertion (A}
(b) Both assertton (A) and reason (B) are trus but reason (R) 15 not the correct explananon of
assartion (A).
(c) Assernon (A) 15 true but reason (R) 1s false
{d) Assertion (A) i false but reason (R) 15 true.
() Both Assertion {(A) and Reason(R)) are false
1. Assertion (A): Mustual induction 15 the phenomenon m which the emf ts mduced n the coil
due to change in maenatic flux
Reason (R): It follows law of conservation of enerzy.
2. Assertion (A): Making and breaking of current m a cod produces no mementary curent m
Reason (K);: Momesntary current in the nesghbouring conl of another circust 15-an addy current
3. Assertion (A): If primary coil is connected by voltmeter and secondary coil by ac source. If
large copper sheet 15 placed berween two coils, mduced emf m primary coil 1s reduced
Reason (R): Copper sheet betwveen couls has ne effect on induced emf 10 primiary conl
4_Assertion (A): An electnic lamp 15 connected in series with 2 long solenoid of copper with arr
core and then connected to AC source_ If an 1ron rod 15 inserted m solenoid the lamp wall become
dim
Reason (K); If an won rod 15 inserted in solenowd. the mductance of solenoid meoreases.
5. Assertion (A): Induced emf produced 1 a coil will be more when the masnstic flux hinked
with the coil 15 more.
Reason (R): Induced emf producad 1s directly propertional to the magnetic flux (CBSE 2026)
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6. Assertion (A): A changine magnetic flux linked with 2 closed circuit induces an emf in the
CIFCULT.
Reason (R): The induced emf is directly proportional fo the rate of change of magnetic flux
iinked with the circwit as miven by Faraday's law
7. Assertion (A): An induced current always opposes the cause that produces it
Reason (R): This opposition 1s due to Lenz's law
5. Asseriion (A): When 2 maonat 15 moved towards a coul, a current s iduced mn the coil.
Reason {R): The masnetic flux linked wath the coil chanzes with time
9 Assertion (A); A conductier moving parallel to the direction of a vmform magnenc field
Eeason (R): The rate of change of maonetic fhix 15 maximum when the motion of the conductor
15 along the maonetic field.
10, Assertion (A): The induced =mf in 2 coil depends on the rate of change of current in the
neighbourne coill.
Reason (R): Mutual indortance must exist between the two nearby coils.
11. Assertion (A): The seli-inductance of a cotl 15 a measure of s ability to resist any change
mn current flowing through it
Reason (R): When the cument 1n a coul chances. a back emf 15 induced i the coil which opposes
the change m current
12 Assertion (A): Anideal transformer has 100% efficiency
Reason (R): There 1s no loss of enerzy n a practical transformer due to heat, eddv currents or
hysteresis.
13. Assertion (A): The core of a transformer is made of soft 1ron and s laminated.
Reason (R): Lamination of the core reduces eddy current losses and soft iron increases magnefic
couplmg
14. Assertion (A): No emf 15 induced m a stationary cotl placed m a constant magnenc field.
Reason (R): Emf is induced in 3 coil anly when there 1s 3 change in macnene fux linked with
the conl
15 Assertion (A): The mumal inductance betwesn two coils depends on their relative
orientation .
Reason (R): Chanoing the onentation of the couls affects the amount of mamnetic flux linkme
the two cols,
ANSWERS
1 2 3 4 5 & 7 8 9: 0 n 12 13 ¥ 15

d & [ a 2 a a a c b a c a -] a

1. Assertion (A): When a cotl 1= rotated 1 a uniform maonetic field about an axis perpendicular
to the fiald, emf 1s induced i ot which 15 maamum for the orientatson of coil m which maonefic
flux through the coil 15 zero.
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Reason (R): In an electric generator, electrical enermy 15 senerated by rotating a coil m a
magnetic field,
2. Assertion (A): It 1s more difficult to push a maegnet mto a coil with more loops.
Reason (R): This s because emf induced in each current loop resists the motion of the masnet
3 Assertion (A) At any instant, if the current throuzh an induoctor is zero, then the induced emf
may not be zero.
Reason (R): An mductor tends to keep the flux constant,
4. Assertion (A) A sysitem cannet have mumal mmductance wathowt having self-anductance.
Reason (R): If mutual inductance of system 15 zero, 118 selfimductance must be zero.
3. Assertion (A) Only a change of maonetic flux with ttme, will maintam an indoced current in
Reason (R): The presence of a larze magnetic flux will maintain an mdoced coment in the coil.
I-(b), 2-@). 3-(b), 4c). 3-(c)

2 MARKS QUESTIONS
1. A light copper ring 15 fresly suspended by a lizht siring A bar magnet 15 held hornizontally with
its lenoth along the axis of the ring. The masnet 1s moved towards the ring with its N pole facing
the loop. What wall happen to the ning and its position” Explain
2. In a laboratory expenment, a student observed that the magnetic flux o (tn Wh) linked with a
coul vanes with time t (in seconds) according to the relation’ ¢ = 541° + Bt — 2C where A,
B and C are posilive constants.
(2) Find the expression for the ndured emf in the coil as 3 funchion of tme.
(b} At what value of time (1) will the magnitude of induced emf be mimmum?
3. A bar magnet falls freely from a hetght ‘h' through a closed metallic ning as shown m the
figure.
{a) Will the acceleration of the bar mamnet be equal to “2” while passinp through the nng? Give
reason.
{b) What wall happen to the acceleration of the maonet if the ring 15 cut open so that 1t does not
form a clozed loop? Explam.
4. (a) How does the mutual mndoctance of a pair of colls change when the distance between the
two cotls 18 increased?
{b) How does the nmrtual inductance of a pair of coils change when the number of tums m each
coil 15 increased? Give reason in each case
3. During a phyvsics demonstration in the laboratory, two
identical bar magnets are placed on opposite sides of a 1 .
metallic cucular loop conniected to an uncharged capacter | | . '
=5 shown i the ficure. Both the maonets are moved quuickly '
towards the loop simultaneousty. Predict the polarity of the plates A and B of the capacitor. Give
reason for your answer
6. In a science laboratory expenment two identical coils of the same
rados, number of tums and area one made of copper wire and the ~==—=7.-—
other of alunumum wire are rotated with the same ancular speedma WL ﬂm
uniform external magnetic field Which of the two couls will havea :
greater mnduced current? Give reason for vour answer ey
7. In the mven fipure, X 15 a coil wound over a hollow wooden pipe. " A
permanant magnet 1s pushed at a constant speed v from the neht into the pipe and 1t comes oot
of at the left end of the pipe. During the entry and the exit of the magnet What will be the current
in the wire YZ.

Ll
i
L i
|?|’
-
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8. The siven figure shows an mductor L and resistor R connected a (i
parallel to a battery B through a switch S. The resistance of Ris J )
same as that of the coil that makes L Two identical bulbs, Pand {70

so b

are put 1 each arm of the carcint as shown in the fisure. When S |
clozed, which of the two bulbs wall ight up earlier? Fusnfy your Il—
answer
% State Farmaday's law of electromagnetic snduction Express 1t
mathematically A conducting loop 15 placed in a magnetic field that 15
decreasmg at a constant rate. What 15 the direction of induced current
the loop?
10. The figure shows the variahon of induced emf as 2 function of raie
change of current for two identical solenoids X and Y. One 1z air cored and the other 15 mon cored.
Which one of them s ron cored and why?

SOLUTIONS- 2 AMARKS QUESTIONS
1. Explaming the effect on the motion and position of the rine Cuorrent 15 induced i the nng.
Reason- Due to electromasnetic induction. The ring will be repelled Reason- As perTenz's law,
curreitt has north polanty.
2. (a) Induced emf, e = —=% = —(104¢ + 5)
(b) The magnitude of induced emf will be minimum at t =0 5
3. (a) No. acceleration < g. Reason: As the magnet falls, magnetic flux through the nng changes
— induced current flows (Faraday's law) — oppesing magnetic field 1= produced (Lenz's-law)
— retarding foree acts on the mammet.
(b} Acceleration = g Reason: Ring 15 open — no nduced current — no opposmng force.
4 Mistual Inductancs (M) o (N: N2)/ d
(3) When distance (d) is increased — Mutual inductance decreases.
{b) When number of turns (N: and N:) are increased — Mutual mductance increases.
5. Polanty; Plate A becomes positive (=) and Plate B becomes peganve (—). Reason” Mapnetic
flux throuzh the |oop increases (dus to approach of both N-poles towards the loop). Induced
current flows 1n the disection that opposes the increase s flux (Lenz’s law).
6. Induced current is greater ia the copper coil Reason: Induced emf is the same m both (¢ =
NBAwsinwt), but resistance of copper cotl s less pe. < pay . 507 = &/R 1s larger for copper.
7. Z10Y and then Y to Z byusing Lenz [aw.
8. When switch S 1= closed, bulb P wall light up earlier Bulb P 15 connected m senes with a
resistor So, the cwrent m bulb P will instantly rise to its steady valus. On the other hand, bulb
Q 151n series with an mductor On closme the switch S, current m bulb Q will grow exponentially
to its steady value which will be the same as for bulb P This 15 due o the production of induced
emfin the inductor. However. the steady state value of current wall be the same 1 both the bulbs.
9. Faradav's Law defimbon: £ = —';—' . Drrection of mduced current 15 such that o tnes to
increase the magnetic flux (opposss the decr=ase).
10. From the'graph. = = =L . Slope of X 13 more than that of ¥ Hence X s iron-cored because

mduciance ufi:mmm;i‘mﬂismelhﬂnihﬂt of ar-cored coil

3 MARKS QUESTIONS
1. (a) Define mutual mductance of a parr of coils: Winte #ts 81 unit. (CBSE 2026)
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(b) A long solenoid of radius R and length L has n tums per unit length. A errcular loop of radius
r (< R) 15placed mside at the centre of the solenod such that s axss comncides with the axs of
the solenoid. Obtain the mutual inductance of the solencid and the loop.

2. A square loop MNOP of side 20 em 1s placed horizontally in a uniform magnetic field acting
vertically downwards as shown in the fipure The loop s pulled |,
with 3 constant velocity of 20 .
cms™ till it goes out of the field b=
{a) Demet the direction of the mndoced current in the loopas st |« . [ 7

0
"I:*E.I"C:F
]

=

goes out of the field. =
(b) For how lone would the current wn the loop persist? o

Bx FE EERTN
L L
WO R W N E E E

Ir‘rI
W

3. State Faraday's law of electromaznetic induction. Briefly desenbe two methods for producing

induced emf (CBSE 2026)
4. Two coils, one of mdius 045 cm having 10 tums and the other of radiis 5 cm having 30 tumns
are placed coaually i ate such that thewr centres are comeident Calculate: (CBSE 2026)

{a) the magnetic flux throuch the smaller coil if the larzer coil carries 2 current of 3 A and
(t) the - mutual inductance of the two coils.

5. (a) Ideatify the machine in the given figure ( == B
(b) Identify the parts P, Q and R of the machine R
(¢c) Gave the polanties of the masnetic poles. _gl__-mﬁﬁ‘:_:h_:
e == ()

5_Flgmashnwsarwmnguiarlucptmdmm,PQRSmwhchthﬂmIQEﬁmmmme A
uniform magnetic field acts m the direction perpendicnlar to the | L o o0 o o o "
|

plane of the loop. Arm PQ is moved with a velocity v towards the x x xx A jPx % %
arm RS Assuming that the arms QR. RS and SP have neghmble [ . {_E~=r
resistances and the moving arm PQ has the resistance ¢ Obtain the -’—"‘—LJ"-*
expression for ::.:f X 3 3
(a) the current mn the loop

{b) the force and

(c) the power requured to move arm PQ.

7. How does the:mutual inductance of a pair of corls chanse when

(a) the distance between the cotls 15 wicreased?

{b) the rumber of tumns in each coil is decreasad?

(€} 2 thin won sheet 15 placed between the two coils, other factors remaming the same? Justify
your answer wn each case.

8. A conducting coul of 50 tums and area 5/ am” 15 rotating along the axis of solencid of length
30cm and 2000 mrns, carrving current of 5 A What wall be the valoe of mavimom emf
senerated? (CBSE SQP 2025-26)

9 The currents through two inductors of selfanductance 12 mH and 24 mH are increazmg with
time at the same rate. Draw graphs showmng the vanation of the: {CBSE COMPT.
2025)

(2) Mapnitude of emf induced with the rate of change of current in each mductor




(b) Enerzy stored mn each mductor with the current flowine throush it

10. In'a phiysics laboratory, a student 15 studying 2 long solenoid used m an electromagnet Using
Faraday’s law of electromagnetic mduction and Lenz's Liw, denve an expression for the self
inductance of this long solenoid i terms of its geometry (number of tums N, area of cross-
section A and length |) and the permeality of the medmm (y) mside the solenoid.
SOLUTIONS- 3 MARKS QUESTIONS

1. (a) Define Mutual indurtion and write its ST Unat

(b} Dervetoget M = o w1
2 (3) Clockwise MNOP.

(b)v=20cm's;: d = 20 cm . Time taken by the loop to move out of magnetic field. =1 sec
3. The macnitude of the induced emf i 2 circwit 15 equal to the nme rate of change of magnetic
flux through the ciremt.
Methods of producing mnduced emf-
{1} By chanzing magnetic field with time.
(1) By chanzmg area of the coil with time in the masnetic field
{m}Bychaﬂglngﬂleaﬂgiebdmmmgnfncﬁﬁid:mdnmm_almthami]whhtﬁntljﬂﬂyt\m}
4. Usming sustable formulas we get,

(a) 148 x 10° Wh

() M:==492X10"H
5. (@) AC generator

(b)P-Shpnnzs Q -Carbon brushes R-Asmature coil

(e} Left side of the magnet 15 North & nght side 15 South or vice-versa
6.()I==" (b)) F=B'FL () P=B' L
7. (a) Mutuzl inductance decreases. (b) Mutual mnductance decreases. (c) Mumal inductance
increases. Ustng Formula M = (o NoNoA) /d (orM = @ /1)
8. The instantaneous mdoced emf 1s srven by: £ = NBAwsin wt
The nigximmm vatos of induced emfis: 25, = NBAw
Substituting the valoes £, = 2mV
9. (a) Graph 15 a straight line passine through origm for both. Slope for 24 mH mductor 15 twice
the slope for 12 mH mducior.
(b} Graph 15 a parabola opening upwards for both. Forsame corrent I, energy stored in 24 mH
mductor 1s twice that in 12 mi mductor
10. Denve the correct result L = un*Al  where n =l

5 MARKS QUESTIONS

1. (a) State Faraday’s law of electromaenetic nduction

(b) Derive an expression for the self-inductance of an air-filled longe solencid of length | and
cross-secitonal area A having N tums

{c}émndm:ﬂﬂgtadnflengthﬁﬂtm,nﬂhﬂngmdphmﬁd, 15 rotated with ancular speed of
60 tpm 1 2 umform magnenc field of 4.0 mT directed perpendicular to the plane of rotation of
rod. Find the emf mduced m the rod. (CBSE 2026)

2. () State Lenz's law. Give one example to illustrate this law, "The Lenz's law 15 2 consequence
of the pnnciple of conservanion of enerzy” Justify this statement.




(b) A long solencid with 15 tums per cm has 2 small loop of area 2.0 om” placed mside the
solenoid normal to its axis. If the current camied by the solenoid changes steadily from 2.0 A to
4.0 A m0.1s, what 1s the mdueced emf 1 the loop while the currentis changing?

3. (a) Define coefficient of self-induction. AT Suwrre
Dhtﬂman expression for mutoal-mductance < WV (Valisl TiAd
of a long solencid of length °I', area of cross- ¥ s
section “A having "W furns. =L LZ]
(b} Calculate the selfinductance of a coul OC Sarmrce

i

vsmg the followme data obtamed when an e o .
AC source of frequency — Hz and a DC ': :;_Lﬁ ;—",:_

SOIMCE 15 aﬁ}hﬁiaﬂ“mthtnqli _ .
SOLUTIONS- 5 MARKS QUESTIONS
1. (2) Staumg Faraday's law
(b} Denving Expression for selfinductance
(¢) Finding the mndoced emf e=3.14mV
2. State the law e = 7.54 uV
3
For dc patRe 'T-4ﬂm-.:h:u:'
o a partf= "_:_ll."i
Tatal mpedoms
Z = 510 (m ek pomt)
Lealedgfl= VT =y T4 =
Thily, I = 420
w.all w 20

I
- Lo —t -
U ]

Inv—0
14

CASE BASED QUESTIONS

L. Consider the experimental set up shown in the figure. This jumping

ring expertment 1¢ an outstandine demonstration of some simple laws of cosn vy
Physics. A conductng non-magnetic ring 1s placed over the vertical core oo
of a solenoid. When current 15 passed thmugh the solenoid, the nng s
throvim off

(1) The direction of induced current in the nng m jumping nng expenment
15 such that the polanty developed i the nno 15 same as that of the o

polarity on the face of the coil, then ring will jump vp dus to e

{a) attractive force when the switch 15 closed 1 the circnst.

{b) repulsive force when the switch 15 clesed 1n the corcust

(c) attractive force when the switch 1s clozed 1 the arcmt.

(d) repulsive force when the switch 18 closed in the circut.

{11) What wall happen if the terminals of the hattery are reversad and the swatch is closed”
{a) Rmg wall not be jump, (b) Ring wall jump again.
(£) Current wall not indoced 1 the ring. (d) none of these

(111) The jumpme nng experiment based on which of the followmnp Iaw?

{a) Lenz’s Law (b) Faraday’s law (c) Snell’s Law (d) both (a) and (b)

{1v) Two wdentical circular loops A and B of metal wire are Iving on a table without touching each
other Loop A cames a current which increazes with ime In respense the loop B

1




{a) remamns stationary. {b) 15 attracted by loop A

(c) 15 repelled by loop A (d) rotates about 1ts centre of mass with centre of mass fixed.

OR

An emf of 200 V 15 mduced 11 a carcunt when current mn the circunt falls from 5At0 0A m 0.1
(a)3sH {(b)3SH (e)4H (d)4.2H

2 Electromagnetic mduction 15 defined as the production of an electromotrve force across
electnie conductor in the chanoing mapnefic field The discovery of mduction was done by
Michael Faraday n the vear 1831 Electromarnetic indoction finds many apphications such as m
slectneal components which meludes transformers. inductors. and other devices such as electnic
motors and generators. Altemating current 15 defined as an elecine current which reverses n
direction penodicaliy. In most of the electric power circmts, the waveform of alternating current
15 the sme wave.

(1). How to iicrease the eneipy stored 1n an inductor by four times?

(a) By doubline the curremt (k) Thiz 15 net possible

() By doubline the mductance (d) By making current \2 fimes

{11} Consider an inductor whose linear dimensions are tnipled and the total mumber of toms per
unit lenzth 15 kept constant, what happens to the self-inductance?

()9 timss (b) 3 tumes (c) 27 umes (d) 13 tmes
(1), Lenz law 15 based on whuch of the following conservation™
(3) Charpe (b) Mass () Momentum (d) Enerzy

{1v), What wall be the acceleration of the falline bar magnet which passes through the rine such
that the ning 15 held horizontally and the bar maenet is dropped along the axis of the nng?
(a) It depends on the diameter of the nne and the length of the maenet
(b) It 15 equal due to zravity (c) Tt 15 less than due to graviy
() It 15 more than due to groaty

Answer:
1. {1) (b) The direction of mduced current in the ning 15 such that the polanty developed m the
ring 15 same as that of the polarity on the face of the coil. hence 1t will jump up due to repulsive
force.
{11} (b) The polanty of the induced current in the ring will get reversed on changing the terminals
of the battery, so the ning will ump azam (111} (d)
(#v) (c} Oppostte currents are mnduced in loops, so loops repel each other
OR (c) Self inductance, L =4 H
2. (11 (a) By doubling the cuwrrent {1, (¢) 27 tines (1), (d) Enerav (1v). (<)
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CHAPTER 07

T ALTERRNATING CURBENT & VOLTAGE
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MULTIPLE CHOICE QUESTIONS
1. A senes LCR arcust with B=3 Q. X = ©_ X; =8 Q15 connected to 2 220 V, 50 Hz ac source.
The power factor for the eircwt 15 (CBSE 2026)
(a) 0.30 (b) 045 (¢) 0.50 (d) 0.60
2. The figure shows the vanation of capacitive reactance (X:) of two ideal capacitors of
capacitances Cy & C: with the reciprocal of anmular frequency (10 @) of ac source. The valus of
Cy/C: is (CBSE 2026)
(@) 1/2 (b) 2 (©)V3 ()=
3. The figure shows varmation of corrent (I) with ime (1) m four devices P QR [
and § The device i which an alternating current flow 15 T
(ayP (b)Q (c)R (d) 8
4. An ac voltage V =V sinwt 15 applied to 3 series combination of 2 resistor K
and an element X The mstantaneous current mn the coromit 1s | = Lsin(wt + m/4) Then which
of the follovwang is cormect?

{a) X s a capacitor and Xe =2 R (b} X 15 an mductor and Xz =R
{E)Xmaﬂmihﬁmanﬂ& W2 R (dyXi1sacapacttorand Xc =R
. Which of the following ,

E!Tap'hﬁ on the right sde || ”':, Nl
represent the variation of I"-.\
current (I) with frequency (f) g
m an AC circust contanmg 3 ;
plurs capacitor”

6. The rms-and the average value of anac veltage V = V, sinwt volt over a cycle respectively

will be: (CBSE 2026)
(2) = H== ©%,0 @ V2

i Inalabm'.mm an inducior (L), a capacitor (C). and a resistor (R) were happily connected
senies with an AC source. One day, the frequeney of the AC supply was graduzlly decreazed As

h‘li“r

_|

[ ] Iu

the frequency dropped, the reactance of
{a} both L and C decreased {b} L decreased but C increazed
(c) both L and C mnireased {d) L moreased but C decreased

8. An ac cireuit has a ressstance of 12 ohm and an impedance of 15 ohm The power factor of the
cirowst wall be

(a) 0.8 (b4 (c}0.125 (d) 1.25

¢ In an AC circutt, an mductor was connected to an alternating voltage source. Initially, thad a
certamn mductive reactance Xz Suddenly, the frequency of the AC source was made 4 himes 1fs
initial value What will happen to the inductive reactance?

(a) It becomes 2 times (b) It becomes 3 times

(c) it Becomes 4 times (d) It remams unchanged

10: An alternating current in a circuit 15 given by = 20sm (1007 £ +10.057) A | The rms value
of current & its frequency respectively are

(A)ICA& 100 Hz (B)10A&S0H: (C)10V2A&SOHz (D) 20424 & 100H:




11. An ac voltaze 1s ziven as v = 14 sin (3141) V. The average and the effective value of the
voltzge (in V) over a cycle ars respectively: (CBSE 2026)
(a) 14and 7 (b) 10 and 14 (eyDand 10 (d) 10 and O
12 An L.CR series crromt with aresistance of 100 £ 1s connerted to an ac source of 200 Vizms:)
and angular frequency 300 rad's. When only the capacitor 1s removed, the current lags behnd
the voltage by 60°. When only the mductor 1s removed the current leads the voltage by 600. The
averaoe power dissipated 15
{a) S6W (b) 100 W (c) 200 W (d) 400W
13. A power transformer 15 used to step up an alternating em.f of 220 Vio 11 KV to transmat 4.4
kW of power. If the primary coil has 1000 tums, what is the current rating of the secondary?
Assume 100% efficiency for the transformer
(@ 4A b)04A (c)0.04A (d)024
14, In an ideal transformer, the no. of tums of primary and secondary cotl are 500 and 400
respectively, If 220 V 13 supplied to the pnmary coil, then ratio of currents 1 primary and
secondary conls 18
(a)4: 3 (b) 5:3 (c)5:9 d)9:5
15 To reduce the resonant frequency m an L-C-R series circwt with a generator
(a) the generator frequency should be reduced
{b) another capacitor should be added in parallel to the first
{c) the iron core of the inductor should be removed
(d) dietectng 1n the capacttor should be removed
ANSWERS
1 2 3 - 3 4] 7 8 g o 11 12 13 1#F 15

d d d d ¢ c b a C € c d b a b

TAKE THE CHALLENGE |
1. Ifan LCR cwcut contams L=8H , € =0.5 uF. R = 100 © in senes. Then the resonant angular
freguency will be:
(a) 600 rad's (b) 500 tad's (c) 600 Hz (d) 500 Hz

2 Te reduce the resonant freqoency in an TL.CR series circiut with 2 generator

(2) the zenerator frequency should be reduced.

(b) another capacitor should be added 1n parallel to the first

{c) the tron core of the inductor should be removed.

(d) diglectne in the capacitor should be removed.

3 The output of a step-down transformer is measured to be 24 V when connected 1o a 12 watt
light bulb. The value of the peak current is

{a) 142A (B) 2 A () 2A (d) 2424

4. The vanation of the mstantansous current (1) and the mstantaneous emf (E) m 2 circurt 15 as

shown m fizg Wiuch of the followmg statements 1s'comect? N

(2) The voltage lags behind the current by = .
Lh]’!hﬂtt}hageleadsﬂmctmﬂ]!hv-;i N Ci l:;

(c) The voltage and the current are in phase l S -




3. The fizure shows vanation of B, X and X with frequency fin a series L, C, R cirmuat. Then
for what frequency point, the circuit s inductive . ;
(a)}A (b)B {e)C {d)All poums

L(b), 2-(b), 3-@), 4(b), 5(0) _
ASSERTION-REASON -~ :

In the following gquestions 9 and 10, a statement of asserhion (A) 15 fellowed by a statement of

reason (R). Marlk the correct choice as:

(a) Both assertion (A) and reason (R) are true and reason (R) 15 the correct explanation of assertion

(A},

(b) Both assernon (A) and reason (R) are true but reason (R) 15:not the correct explananon of

aszeriion (A)

(€) Asserion (A) 15 true but reason (R) 1s false

(d) Azsertion (A) 15 false but reason (K) 15 tue.

{2) Both Assertion (A) and Reason(R) are false.

1. Assertion (A): In a pure resistive circuit. voltage and current are in the same phase

Reason (R):. In resistors, energy 15 altemately stored and released

2. Assertion (A): Inandeal LC circunt. the current oscillates indefintely.

Reason (R): There 15 no energv loss mn an 1desl LC carot

3. Assertion (A): Inan LCR cucwit at resenance. the impedancs 15 minimum

Reason (R): At resonance, the mductive and capacitive reactance cancel each other,
4_Assertion (A): The averape power consumed in a pure nduetive ¢ircuit 15 Z2ro.

Reason (R): In a pure mductive cirout, the current leads the voltage by 50°

5. Assertion (A): The power fartor i a purely capacitive eircunt 13 Zero,

Reason (R): In a capacinive curcuit, the corrent leads the voltaze by 907

6. Assertion (A): In an AC circurt contaming only a capacitor, current lazs the voltaze by 90°
Reason {(R): Capacitors offer no resistance to AC current.

7. Assertion (A):. The power consumed m an AC ciroust 15 grven by P=Vags Tonrs cosd
Reason (R): The product Veus I;xs sives the apparent power

8. Assertion (A): The voltaze across the indurtor leads the current by 90°

Reason (R): The mnduced emf 1 the inductor opposes the change m current.

9. Assertion (A): The guality factor of an L. CR. series circuit mereases with increase in resistance.
Reason (K): Higher resistance causes sharper resonance

10. Assertion (A): In a trarsformer. lugher value of zlternating voltage can be converted imnto
lower veltage and vice versa

Reason (R): A transformer works on the prmapie of electromiaznetic mduction.

11 Assertion (A): The alternating current lags behind the emf by a phase angle of = 2, when AC
flows through an inductor.

Reason (R): The inductive reactance increase as the frequency of AC source decrease.

12 Assertion (A): In senes LCR resonance circust, the impedance 15 equal to the ohmic
resistance.

Reason (R): Af resonance, the inductrve reactance exceeds the capacitive reactance

13. Assertion (A): When capaciuve reactance 15 smaller than the inductive reactance tn LCR

FTET ATV SO0 DT T 0L T H




series cureut, emf |eads the current

Reason (R): The phase angle iz the angie between altemating-emf and alternating current of
the circuit

14. Assertion (A): When aliernatung current flows through a pure mnductor. the current lags
behind the voltage by a phase anele of 90° (w2).

Reason (R): The mductive reactance increases as the frequency of the AC source decreases.

15. Assertion (A): A transformer cannot work oo DC supply.

Reason (R): Transformers work on the principle of mutual induction. which requires a chansing
magnetuc fhoc

ANSWERS
1 2 3 4 = [ F 8 G 10 11 12 13 14 1S
c a a c a e b b £ b c c b C a
| TAKE THE CHALLENGE |

1. Assertion (A) At an arport, 3 person 15 made to walk through the doorway of 3 metal
detector
Reason (R): Metal detector works on the principle of resonance in AC cireuts.
2. Asserfion (A} Smaller the band width, sharper the resonance and easier 115 totune an LCR
CLrcitet.
Reason (R): Resonant frequency 1s anthmetic of half power frequencies.
3. Assertion (A} An electric lamp 15 conmected i series with 2 long solenoid of copper with
air core and then connected to ac scurce. If an won rod is mnserted in solenoid, the lamp wall
become dim.
Reason (K): If an tron rod 13 inserted in solenosd, the inductance of solenosd mereases.
4. Assertion (A): At frequency greater than resonant frequency, curcwit 15 wductive in nature,
Reason (R): Reciprocal of reactance 15 called susceptance
5. Assertion (A) Average power consumed m an ac curcuit 15 equal to average power
consumed by resistors in the circuut.
Reason (K): Averaze power consumed by capacitor and mductor 15 zero
1-b), 24c), 3, 4(b). 5

2 MARKS QUESTIONS
1. An inductor of 5/t H and, a capacitor of 50/ yF and a resistor of 400 ) are connected m
series across an ac voltage v = 140 s (100mt) V. Calculate: (1) impeddance of the circuit. and
(12) rmis value of current that flows in the circnit
2_A capacrtor €. 3 vanable resistor R and 3 bulb B are connected
i1 series to the ac mans 10 ciroumst e R !E‘l
as shown. The bulb zlows wath some brighitness. How will the
glow of the bulb change 1f (1) a dielectric slab s introduced ‘
between the plates of the caparitor, keeping remstance R to be” | e
the same; (i) the resistance R 15 increased keeping the same T
capacitance? .
3. An aliernating voltage of frequency f 1s applied across a senes LCR circust. Let § be the
resonance frequency for the corcut. Will the current 1n thie circunt laz, lead or remamn m phase
with the appliad voltage when (1) £ = £ (1) =1, 7 Explan your answer in each case

FTET ATV SO0 DT T 0L T I




4. Draw the graphs showing the vanations of (1) inductive reactance, and (1) capacitoe
reactance,
with frequency of applied voltzpes mn ac circuit How do the values of (1) mductive, and (1)
capacitive reactance change when the frequency of applied voltage 15 mpled?
5. The coil of an ac generator consists of 100 tums of wire, each of area 0. 5m° . The resistance of
the wire 15 100 © The coil 15 rotatng 1n 3 magnetic field of 0.8 T perpendicular to 1ts axis of
rofation, af a constant ancular speed of 60 radian per second. Calculate the maumum emf
genparated and power dissipated m the coil.
6. Prove that an 1deal capacitor m an ac curctnt does not dissipate any averass power
7. Define 'quality facter” of resonance 1n senes LCR circut What 1 1ts ST unit

8. A bulb B and an mductor are connecied m series to the ac mams. The bulb glows with seme
brishtmess. How will the glow of the bulb change when a paramagnetic slab is imtroduced m side
the mductor
@ Meation any two charactensucs properties of the matenal swtable of making the core of
transformer.
10. Caleulate the quality factor of a senes LCR circust with L=20H. C=2 uF and R=1000

SOLUTIONS- 2 MARKS QUESTIONS

1. Usng Z = JR= + (kL —ﬁ] and I, =$ _we get. Z=500 ohm and L.=024

2 If slab 1s mserted between the plates. capacitance will mrrease and X decrease so Z will
decrease malking the cument tn bulh more and hence, the bulb wall shine bnghter

(1) If R 15 increased. Z will mereaze making the current less and agam the bulb will glow dumiy.
3. Asthe frequency of the AC source increases, X decreasés whule X; mncreasés (1) Hence for £
> f; circuit tums inductive in nature and current lags behind the voltage by certain phase ancle.
(1) For £< £ circust 1s capacitive m nature as X > X; and current leads the voltage by certam
phase angle

4. Sustable graphs as per NCERT. (1) Inductive reactance also gets tripled and 1) Capacitive
reactance feducss to one third:

5. Using formula e,=NBAw, we gét 2, =2400 Vand P=¢2 _R =288 kW

6. Pre is proportional to cosp and g 15 90° so average power dissipated is zero.

7. Write definition. no una and dimensions.

8. Xt mcreases so bnghiness decreases.

8. Mention any two.

10, == E‘an;lﬂi}

EAfE
3 MARKS QUESTIONS
1. Define the terms (1) resonant frequency, and (1) power facior of 2 senes LCR curcunt. Forwhat
value of the power factor will the power dissipated 1n the circust be maximum? (CBSE 2026)
2 The number of turns in the primary and the secondary coul of an 1deal transformer are 100 and
5000 respectivaly. £33 kKW power 15 supplied to the transformer at 220 V. find
(1) Current in the primary coil, and (u) output voltaze (CBSE 2026)
3. (3) Can a transformer step up or step down de power supply 7
{b) Can a step up transformer work as a step down transformer?
{c) Does a step up transformer contradict the prmciple of conservation of energy” Justfy your
answer (CBSE 2026)




4 A light bulb and an open coil inductor are connected 1o an ac source through a key as shown
in the fisure. The switch is closed and after sometime, 20 tron rod 15 msered -

into the intenor of the mductor The glow of the light bulb (a) mncreases; (b) C—m
decreases; (¢} 15 unchanged, as the 1ron rod 15 wserted. Give vour answer

with reason. What will be vour answer if ac source is replaced by a de —&

source?

3. {a) The graphs (1) and (1) represent the vanation of the opposttion uﬁ'm:d by the circust
element to the flow of altermating ) -

current with frequency of the apphed  Jom Wamd |

emf Tdentify the cucunt element 1 L

comesponding to each sraph O ey

(b) Wnte the expression for the impedance offered by the senies combinations of the abmt Wo
elements connected across the ac. Which will be abead mn phase in this circut, voltage or
curtent?
6_ Show that the current leads the voltage 1n phasze by m°2 m an ac cirout contamming an 1deal
capacitor
7. The figure shows the graphical vanation of the reactance of a capacttor (0 1
with frequency of ac source. (2) Find the capacitance of the capacstor (byAn: S0 1100
ideal mductor has the same reactance at 100 Hz frequency as the capacitor o mi. N
has at the same frequency Find the value of inductance of the inductor. (2) [ 54
Draw the graph showing the variation of the reactance of this inductor with  * 75 5% = &7
frequency.
8. A r=sustor of 30 Q and a capacitor of 250 n uF are connected i senestoa 200 WV, 50 Hz ac
source. Calculate (1) the current 1n the carcunt, and (1) voltage drops across the resistor and the
capacitor (1) Is the alzebraic sum of thess voltapes mote than the source voltaoe? if ves, solve
the paradox.
9 A senes LCR curcut with R =200 L =2 Hand C=350F is connected to 3 200 volis ac source
of vaniable frequency. What 15 (1) the amplitude: of the current, and (u) the-average power
transferred to the cirout 1n one compléts cvele, at resonanca? (u1) Caleulate the potential drop
across the capacitor
10_ A step-up transformer has 200 and 3000 turmns in 1is primary and secondary cotls respectively.
The wnput voltaze given to the prumary coal 15 90 V.
Calculats:
(1) The cutput voltape across the secondary coul
{2) The current in the primary coul if the cirrent in the secondary coil 8204

. SOLUTIONS- 3 MARKS QUESTIONS
L. (1) Frequency at which X1 =X (u1) cosg=ZR. (11} P 15 maxumum when cosg=1.
% = 2 and P =W I, wegetl, =154 and V; = 11000V

¥y Np  Is
3. (a) No, Transformers work on the principle of muiual mduciion because D.C. provides a
constant current, there will be no change in magnetie flux.

(b} Yes, By reversing the connections, the secondary windmne can be used as the pnimary.

(£} No, A step-up transformer chanses low voltage into ligh voltaze. and the current 15 reduced
by the same proportion

4. When an iron core 15 mserted, 1t gets magnenhized and the magnetc field maide the conl
mcreases. The L of the coil increases. Consequently, the X: of the coil increases. A large fraction

2 Using ==




of the applied ac voltage appears across the inductor and the voltage across the bulb decreases.
Thus, the glow of the bulb decreases In case of a de source. the slow of the bulb does not change.
5. {a) In graph (1), the opposition to the flow of current does not depend upon frequency. the
circut element 152 ressstor. In zraph (1), the opposimon wicresdses with frequency, the current
element 15 an inductor (b} When the resistor R and the mductance I are connected in senies actoss
an atc seurce; then impedance Z of the circut 1= given by Z = /B* + X7 where Xy 15 an
mductive feactance. In an L-R circuit, the voltaze 15 ahead of the current.
6. Denve to obtamn f = [_sin{wt + EJ
7.(a) € = 265 uF (b) L = 9.6 mH (c) smiable praph
8. (1) Using formula for X, and Z, we zet Lo = 4A (1) Vp=120V and V=160V (i11) Ve~ Ve
=280V While Ve of the source 15 200\ Yes, the voltazes across the combination 15 more than
the voltage of the source. The voltage across the resistor and capacitor are not m phass. This
paradox can be resolved as when the current passes through the capacitor. it leads the voltage
VC by phase ©2. So voltaze of the source can be grven as V=200V
9. (1) At resonance Z=R 50 EV/R Ime=10A and I=TmyZ=14.14A
Average power transferred to the cirowt 1 one complete cvele at resonance: P= FaeR = 2000W

== =100 rad’s. Xe= V€ -, VluwX-=2000V
1!} {1} mr:mdm} mnl!a.gt 1350V
(11} current m the primary coil = 304

5 MARKS QUESTIONS

1. (3) Draw a labelled diapram of a step-up transformer. State the principle on which 1t works
and obtain the ratio of secondary voltage to pnmary voltage m terms of number of turms and
curretnts 1 the two cotls.  (CBSE 2026)
() The ratio of the number of tums i the pnmary to the secondary of an 1deal transformer 15
1:5. If 5 kW power at 200V is supplied to the primary, find
(1) current in the pnmary, and
fli} cutput voltage
2 (a) A senies combmation of L, € and R is connected to an a c. source Using a phasor
diagram, derve an expression for the impedance of the circunt and phase difference between V
andl (CBSE 2026)
(b) Under what conditions the
{1} Impedance of the circuit 15 minimum?
(11} Wattless current flows i the circont?

OR
(1) With the help of a labelied dizoram, explam the principle. construction and working of an
a.c generator
{11) Deduce an expression for the mduced emf in the coil of the generator
fm}ImeThﬁlmepenndnftimru{anmafthemsLalwhﬂtmlumﬂmeac}ﬂ: the emf
Eeﬂﬂmmnsmmmm”
3. (1) vou are mven three curcust elements X | Y and Z. Thev ate connected one by one acrossa
grven ac source. Tt 15 found that V and T'are in phase of element X "i-'li::n:]sIEyE-fDrtiEm::mT
uﬂ]ﬂelieaﬂa‘i'h' ﬂ}relﬁnmntE Identify elements X Yand Z.




(11) Establizh the =xpression for total opposition offered to curcutt when elements X Y and Z are
connected in senes to an ac source Show the vanation of current in circurt with the frequency
of the apphed source when only Y & Z are connected m circwit.
{m1) In asertes LCR cureust obtain, the conditions under which impedance 15 mumimum | justify
why circuit becomes purely resistive at resonance?

SOLUTIONS- 5 MARKS QUESTIONS
1 (&) Drawins labelled diagram of step-up transformer Stating the principle, Obtaining the ratio of
voltages in ferma of aumber of tems and coment

-5. = 2= ZandP =L, weget [ =25 A and 1} = 1000V
%o 1 :

2 (2) Dermving expreszion for Impedance of seriez LCR circont and Phase difference between V&I

(b) Using

{b) (DMinmum when X:=X=
(i) Whes averige power fonsnmer is Zero.

OR
(1) For ac generator, labelled diagram | comstruction I 15 based on the prmciple of
Electromaonetic Induction. Working- When coil i3 rotated in magnetic field maonetic flix
linked with 1t changes and emf is mduced m the coil
(11} Dedurinz expression for tnduced emf £ = NBAwsinwt
(111} Emf generated 1s maxomum at T'dand 3T 4
3. (1) X-resistor Yondurtor  Z-Capacitor
{1t) Deduce expression for Z. Graph for LC combimnation circuut,
(11) Concition of resonance, X=X s0 Z=R

CASE BASED QUESTIONS

1. Capacitor used mn old radio sets 15 gang capacitor It cons:sts of two sets of parallel curcular
plates one of which can rotate manually by means of a knob. The rotation causes overlapping
areas of plates to change, thus changine its capacitance Air gap between plates acts 23 dielectnic.
The capacitor has to be tuned in to the corresponding frequency of a stahion so that the LC
combimation of the radio set resonates at the frequency of the desired station When capacitive
reactance (Xc) 15 egual to the mduchive reactance (X3 ). then the resonance occwrs and the

resonant frequency 15 piven by woe :E . Current amplitude becomes maximum af the resonant
frequency. If 1s important 1o note that resonance phenomena 15 exhibited by a curcwt only 1f both
L and C are present in the circuit. Only then, the voltage across L and C cancel each other (both
being out of phase) and the current amphtude s max. , where In =V R This means that we
cannot have resonance 1 a2 RL o RC crrewt.

(1) Name the phenomena mvolved mn tunmg a radio set fo a particular station

(a) Stahilization {b) Resonance (c) Rectification (d) Reflection

(11) Capacitor used in radio set for mming s a

{a) Parallel plate capacttor (b) Sphencal capacttor () ganz capacitor (d) electrolytic capacitor

{11) Resonance ocours onlv when:

(21X =R (B) X =R @ X=X (d) X=X

(1v) Resonance may ocour in

{a3YLC circunt (b) RC crreunt () LR caircunt (d) resistor only circust




2_A transformer 15 an electnical device which 15 used for chanmine a ¢ voltages. Tt 15 hased on
@m&mmnmmmmmf;: = = =K. where symbols

Iz
have thewr standard meamng For a step up transfonmer, K}I-ﬂﬂdfﬂfaﬂﬂp down trapsformer,
K=l The mumbers of turns i the primary and secondary couls of a transformer are 2000 and 50
respectively. The primary coil 15 connected to mam of 120 V' and secondary 1o a risht bulb of
0.6 ohm The efficiency of transformer s 80 %

(1) A transformer 1= used:

(a) to transform electnic energy mto mechamcal energy. (b) to obtain sustable DC veltzge

{e) 1o transform AC mto DC (d} to obtain suttable AC voliage
(1) Whuch quantity 15 increased in step-down transformer?

{a) Resistance () power (c) current (cf) charge

(111) In step-up transformer, relation between number of turns 1o primary (Np) and number of
turns i secondarv [Ny 15

{a'_l :'{5 :“E"p {1:':' Np} N ft} Ni= NJ_: {d} K]: =2N:

(rv) Voltage actoss the secondary of transformer 1s

fa) 120V (by 360V (c) 40V CIERY

3. Senes LCR circurts at resonance admit thaximurn currettt at particular frequencies. Therefore,
it 15 called acceptor circunt because at resonance, impedance of LCR. circust 15 mmeryom and i
gasily accepts that cument out of the many cuments whose frequency 15 egual to the resonamt
frequency. This circuit 15 used 1 radio and TV recervers 10 tune the desired frequency or filtered
vmwvanted frequencies. The amplimde of the cumrent with the frequency of the signal from the
desired station becomes maximum and heace it 1s recerved by the radio or TV recever. The
maxmum crent flows through for that a ¢ voltage which has frequency squal to fr=—— If

ImyLe
Q-value: of circuit is large the sipnals of the other stations will be very weak Quality factor
det=rmines the clanty of reception.
(1) The current adnutted by senes L.CR circurt cortesponding to resonant fraquency is
(a) maximm (b} munmem (el zero (d) 104
(11) In a sertes LCR carcunt L=8H, C=0 54F and R=1009. The resonant frequency of the circunt
5.

(a) 1000 = Hz (b) 500 7 Hz (¢) 250/ nHz (d) 125w Hz
(1i1) At resonance, i a senes LCR cireurt, which relation does not hold?
Pw=_= bo = fE}de—'i () cw ==

{1} Nrta switched on the radio st to listen to her &mﬁemﬂhﬂ found the reception was
not clear Also there was there was overlappme of siznals. So she adyusted the tuner Name the

phenomenon mvelved here
(a) reception (b) bandwith (c) resonance (d) filtration

1#b, pc, ued, iv-a

2rd nd uid nea
31d s-3a mwb e
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MULTIPLE CHOICE QUESTIONS
L. Which of the following has the minimum wavelengih?

(a) X-ravs (b)) Ultraviolet rays (c) Gamma rays (d) Cosmic ravs

2, Which of the following can produce a propagatme electromasnetic wave?

(2) A stationary charge (b} A chargeless particle

(c) An accelerating charge (d) A charge moving at constant velocity

3 Which one of the followme correctly represents the change in wave characieristics (all
vacuum) from mucrowaves to X rays in electromagnetic spectrim?

Speed Wavelength Frequency
3) Remamns same Decreases Remains same
b} ERemains same Decreases Increases
¢) Incresses Increases Decreases
d) FRemains same Decreases Retrains same

4 X rays are more harmful to human betnes than uliraviolet radianons becanse X-rays;
a) Have frequency lower than that of ultraviolet radiations’
b) Have wavelenoth smaller than that of ultravialet radiations
) Move faster than ultraviolet radiations 1o air
d) Are mechanical waves but ultraviolet radiations are electromagnetic waves
3 Displacement current exists only when

a) electric field is changing b) magnenc field is changing
¢) -elecine field 15 constant d) magnetic field 15 constant
6 The momentum (n ke m's) of a photon of wavelenoth S00nm 15
a)4.63 x 107 b) 1326 107 ¢) 2632 x 107 d) 3578 x 10-

7 The phase difference between the osallations of electnc and magnetic field i an
electromammetic Wave 15

alm by 2 ¢} zero d)3nf2

8 A plane elécromagnetic wave propagating along x direction can have the following pairs of E
and B ;
8) Ez. By b)Es Bx ) Es. Bx d)Ee Bs

0 In the process of charging of a capacitor. the current produced between the
plates of the capactior 15

dpg o 1 deg ; dp! 1 d¥s
2) e e b) T c) € He d) £a ot

10 Eand 3 represent the electric and the mamnetic fields of an electromagmetic

wave respectively. The direction of propagation of the wave 1s:along-

a}ﬁ |:;j'r.f_£'r c}ExE dJExTE:

Answers

l{c) Gammarays B X-rayvs | Micro and UV as wavelength decreases in thes order
1{;} An accelerating charee
3(b) wavelength of X 16 smaller than UV
4(a) displacement current is 2, (“%:) <0 it exists only if electric field is changing
5{c) Dunng welding, a high-intensity electric are 15 generated, which emmits 3 large amount of




altraviolet @=vs
Gc Tc gd 9c 10 c
ASSERTION AND REASON QUESTIONS

For each question, select the correct option:

{(aiBoth Assertion and Reason are true, and Reason 15 the correct explanation of Assemon

(biBath Assertion and Reason are true, but Reason 13 not the comect explanation of Assertion.

(cjAssertion 1s troe, but Reason is false.

(d)Assertion 15 false, nit Reason 15 true.

QL. Assertion (A): Electromaenetic waves do not require a matenal medium for thew propagation
Reason (R): Electromiagnstic waves consist of oscillatng electne and magnetic fields, wiuch are
seif-sustammimg m vacuum. '

Q2. Assertion (A): In an- electromagnetic wave, the slectne and magnetic fields are always
perpendicular to each other.

Reason (R): The directions of electnc and magneuc fields m an EM wave are independent of the
direction of wave propagation.

Q3. Assertion (A): The speed of electromagnetic wates m vacuom 15 equal to 1.-'\,"@

Reason (R): The values of g and 2p determine the properties of vacuumwith respect to magnetic
and electnic fields, respectively

Q4. Assertion (A): X-ravs can be used to detect fraciures mn bones.

Reason (R): X-rays have controlled penetrating power and are absorbed differemly by different
tisses

Q3. Assertion (A): Ultraviolet rays are more energetic than infrared rays.

Reason (R): The frequency of ultraviolet ravs 15 preater than that of mifrared ravs.

Q6. Assertion (A): Gamma rays have the longest veavelenoth in the eleciromarnetic spectrum.
Reason (R): Gamma rays have the lowest frequency among all EW waves.

Q7.Assertion (A): Microwaves are suitable for radar svstems used in aircraft navioation
Reason (R): Microwaves can penetrate through the 1onosphere and reach long distances withowt
siemificant attenuation.

Q8Assertion (A); Electromagnetic wavss carry both energy and momentum.

Reason (R): The energy and momenmm tn EM waves are carrted by the magnenc field only

Q9. Assertion (A): Infrared radiation is used m might vision devices,

Reason (R): Infrared radiation :s emitted by hot bodies and can be detected even in the absence
of visable lisht

Q10 Assertion (A): The slectnic field vector m an EM wave oscillates mn the direction of
propagation.

Reason (R): Electromagnetic waves are lonziiudinal m nature:
ANSWERS
1.(2) EM waves are self-propagatine due to motual induction of E and B fields and do not need
a medim,

. (c) The ficlds are perpendicular to each other and to the direction of wave propagation they

are not independernt.

.(a) Speed of EM wave i vacuum 15 derived using these constants.

[
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4, (a) Bones absorh mote X-ravs than soft nysue, producing contrast.

5.(a) Energy E = h; lugher frequency = higher enerpy.

6. (d) Gamma rays have the shortest wavelenoth and highest frequency.

7. (a) Microwaves are used in radar as they can travel i the atmosphere and reflect from obyects.

8 c) Enerzy 15 shared by both electric and maonetic fields, not just magnetic.

% (a) IR is emitted due to heat and used for thermal imaging

10. (d) EM waves are transverse, not lonerndinal: E field s perpendicular to propagatien.

EXERCISE QUESTIONS

Q1 Asseriion” The center of sensitivity of our eves coincides with the centre of the wavelength
distribution of the sun.
Reason: Humans have evolved with visions mest sensitive to the strongest wavelsngths

 recarved from the sun

Q2 Assertion: When Infrared waves are incident on a surface vibrate not only the electrons. but
the enfire atom or molacules of a substance:
Reason: Dueto vibration internal enefgy increases and conssguently temperaturs decreases:

Q3 Assertion: Displacement current has the same physical effect 25 the conduction current
Reason: During charzing of 2 capacitor both condurtion and displacement current are present
n different remons of space

Q4 Assertion: the speed of electromagznetic waves 15 less i varuum and 1t mcreases as move o
a medium.
Reason: The relative permittivity and permeability of 2 medium 15 less than that of vacuom.

Q3 Assertion: Ultraviolet radiations are used in LASIK eve surgery.
Reason: Ultraviolet radiations ¢an be focused info very namow beams of high precision
apphcations.
Answers
LA 2C 3B 4D 3A

VERY SHORT ANSWER TYPE QUESTIONS (2 MARKS)
Q1 You are grven a 2uF parallel plate capacitor. How would you establish an instantanecus
displacement current of 1mA in the space between its plates?
Q2 (1) How are mfrared waves produced? Wiits their one important use
(i1) The thin ozone layer on top of the stratosphiere 15 crucial for hnman survival Why?
Q3 (1) Which part of the electromagnetic spectrum 15 used in operating a RADAR?
(uyWhy nucrowaves are considered suitable for radar systems used m awreraft pavigation?
(1) How 1s the speed of EM-waves in vacuum determumed by the electnic and maenenic fields?
Q‘Thﬁﬂplﬁﬂdﬁﬂfthfﬂﬂﬂﬂﬁdﬂﬁiﬁhﬁﬂﬂﬂtdfdmmmﬂtmremwmumu
Bo=510 nT What 15 the amphitude of the electnc field part of the wave?
Q6 An EM wave Y:, has 3 wavelength of lem while another &m. wave, Yz, has a frequency
of 10 Hz. Name these two types of waves and wiite one useful apphcation for each
Q7 How are electromagnstic waves produced? Winte thewr two characteristics.
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Q8 A laser beam of wavelengih 500nm and power 30W sinkes nommally on a perfectly reflecting
surface of area 1 mm*® of a body. It rebounds back from the surface. Find the forcs exerted by

Q9 A laser beam of frequency 3.0 x 10** Hz produces averags power of SmW find 1) the ensray
of photon of the beam and 1) the number of photons emutted per second on an sverage by the
source.

Q10 Identfy the electromaenetic wave whose wavelength range 1s from about

(2}10°° m to about 10°¥ m (b) 106°m to about 10~ 'm_ Write one use of each.

ANSWERS

1: by prving a varying poteniial difference of 300V s

2- The thin ozone layer m the upper atmosphers (stratosphere) 15 crucial because 1t absorks most
of the harmful ulraviolet (U'V) radiation from the Sun. Without 1t. UV ravs would reach
Earth’s surface and cause severs health issues like skin cancer, cataracts, and damage to
ecosvsiems.

3 Microwaves (tvpically m the range of 1 mmi to 30 cm wavelensth or 1 GHz 10 30 GHz
frequency) are used in RADAR systems.

SUITABILITY: Short Wavelensths allow for high resolution and accurate detection of small and
distant objects. Penetration Capability- They can travel long distances through the atmosphere
with mmmal attenuation due to weather (like fog rain). Efficient Reflection: Microwaves are
strongoly reflected by metal surfaces (like aircraft or terram). making them wdeal for object
detection and ranming.

4 Yes, electromamnetic (EM) waves cary both ensrgy and momentum, The enerzy 15 transported
by the escillating electric and masnenc fislds They exent radianon pressize on surfacss,
proving they carry momentum as well Speed of wave c=(v) = = =3x10%m's

SE~133 Vim
6. Y. has a wavelenoth of 1| eom  which lies in the mcowave temon
Y: has a frequency of 10* Hz, which falls in the nhraviolet (UV) remon.

Y Microwave, Application: Used 1n nucrowave ovens for cockang food.

Y Ultraviolet (UV) wave, Application: Used for stenlzing medical mstruments.

7. Electromagnstic waves are producad by an accelerated or oscillatnng electne charge, wiuch
creates 3 time-varving electric field This chanoms electric field. in tum. generates a ume-
varymg magnetic field. and together they propagate as an electromagmetic wave.

Characteristics:

Transverse Nature: Electric and magnetic fields oscillate perpendicnlar to each other and to the
direction of wave propagation.

Do Not Require a Medium: They can travel through a vacuum at the speed of lLight (3=10°
ms).Or any other charactenstics ..

8. F=2P/c, This 1s because for 3 perfectly reflectng surface, the momentum transferred per
second (Le.. force) i double compared to absorption.

F=3.33x107 N, Ths 15 the force exerted by the laser beam on the reflacting surface.

9. E=hny  b=0.626=105]s, So E=19878=1072]

no of photons= Power Enerzy per photor, n=9x 107 W/1.9878x10% 1 =4 52 x 10" photons

——
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10. (a) Wavelength range: 107 to 107" m, Electromasnetic Wave, Gamma rays, Used to kall

cancer cells in radiation therapy. (b) Wavelenoth range: 107°t0 107 m
Electromagmetic Wave: Microwaves, Used in microwave ovens 1o heat food.

SHORT ANSWER TYPE QUESTIONS (3 MARKS)
1. Siate any three charactenistics of electromagnetic waves. Why are elertromagnetic waves
called transverse waves?
2. Draw the electromagnenc spectrum in increasing order of wavelensth Write one tmportant
application of (1) Infrared rays (1) Ultraviolet rays (i) Gamma rays.
3. The frequency of an electromagnetic wave 15 8 = 10714 Hz Calculate ifs wavelength Name
the part of the electromagnetic spectrum to winch 1t belongs.
4 An electromaonetic wave travels in vacuum alonz the z-axis. The electnic fizld osallates
along the x-axis. Wiite the direction of oscillation of mapnetic field and explain how the
direction of propagation s determuned.

5. Why are microwaves preferred for satellite communication? Give three reasons.

6. (Competency Based) A TV remote stops working when 2 thick black sheet 15 placed between
the remole and the telesision. Name the slectromagnenc waves used m the remote and sxplam
the reason behind this observation
7. (Competency Based) Dunne fopoy conditons, visible lizht 15 not surtable for lone-distance
photography. but infrared cameras work effectively. Explam why.

8. (Competency Based) Doctors advise limited exposurs to ultraviolst radiation. yet UV lamps
are used in hospitals. Explain both statements with suitable reasons.
& (Competency Based) A student obzerved that communication signals recerved from satellites
are lughly directional and carry lasge amounts of data. Which electromamnetic waves are used?
10. (Competency Based Numencal) The wavelength of a radio wave transmmtted by a TV
statipn 15 6 m. Calculate 1ts frequency. Why are such waves suttable for communication over
larze distances?

Answers
1. Chafacteristics: (1) Electromaznetic waves are transverss in piature. (1) They can travel
through vacuum. (u1) Electric and mapnetic fields oscillate perpendicular 1o each other and to
the direction of propagation. They are called transverse becaose the osallations are
perpendicular to the direction of motion.
2 Increasing order of wavelength- Gamma rays < X-rays < Ultranolet < Visible < Infrared <
Microwaves <Radio waves. Applications: Infrared rays — remote controls thermal maging,
Ultraviolet rays — sterilizaton: Gamma rays — cancer treatment. _
3. Gaven frequency, v =8 * 10714 Hz Usmng e =vi A=cv=(3 x 10°)(8 » 10")=375 = 107
m_The wave belongs to the visible near ultraviolet region.
4. Magnetic field oscillates along the y-axis: The direction of propagation is perpendicular to
both electnic and magnetic fields and 1s grven by E * B (nght-hand rule),
3. Mhcrowaves are preferred because: (1) They can penetrate the atmosphere easily. (11) They
suffer less atteruation. (i) Thew short wavelength allows lughly dirsctional transnussion and
large bandwidth.
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6. Infrared waves are uzed 1n TV remotes. The black sheet absorbs or blocks infrared radiation,
preventmg the signal from reaching the television sensor.
7. Infrared waves have lonper wavelength and undergo less scattenine in fog compared to
visible hght Hence, infrared cameras work more effectively i foggy conditions.
8. Excessive ultraviolet éxposure can damage skin and eyes and may cause cancer However,
UV lamps ar= used in hospitals becanse ultraviolet radiation kalls bactenia and microorzaniems.
@ Microwaves afe used for satellite communication bacause they are lughly directional can
penetrate the atmosphere effectively. and camry larse amounts of mformation due 1o high
frequency.
10. Gaven wavelenoth, ) =6 m Uting v =c2.=(3 = 10786 =5« 10"7 Hz. Radio waves are
sttable for long-distance commumeanion because they can diffract around obstacles and
follow the curvamre of the Earth

Practice Questions
1. State the mamn differences between electromagnetic waves and mechanical waves: Give any
thres points_
2 A source emits electromagnetsc waves of wavelength 3 x 10™-7 m. Calculate its frequency.
Identify the remon of the electromagnetic specirum to which it belongs.
3_Explain why X-rays are used in medical diagnosis but samma rays are generally not
preferred for routms imaging
4. During a disaster. commmuiucanon svstems based on radio waves contimue to operate even
when mobile networks fall Explain why radio waves are suitahle for long-distance
commumnication
5. A microwave signal of frequency 12 GHz s used for satellite commumnication. Calculate s
wavelenoth State one advantage of using mucrowaves for satellite communication.

Answers
1. Differences: (1) Eleciromamnetic waves do not require a matenal medium whereas
mechamcal waves do. (1) Electromagpetic waves are produced by osaillahing elecine and
magnetic fields, whereas mechamical waves dre produced by particle mibrations (1)
Electromagnetic waves can trave] through vacuum, whereas mechanical waves cannot.
2 Givenwavelensth =3 10°-Tm Usingv=oh= (3% 10°8)/(3 » 10°-7) =1 » 1015 Hz.
The wave belones to the ultraviolet remon.
3. X-rays have suitable penetrating power for imagmng bones and tissues without causing
excessive damage. Gamma rays are morh more energetic and can cause severe damage to
living cells, making them unsuitable for routine diagnosis,
4 Radio waves have long wavelenzths and can diffract around obstacles and follow the
curvature-of the Earth. Hence they are sffective for lonz-distance communication, especially
dunng emergenties.
Long Answer Questions

1. (a) S1ate any two properiies of electromammenc waves.
{b) Arranee the followine electromasnetic waves m increasing omder of wavelensth Gamma
eays, Infrared rays, X-rays, Radio waves.
(c) Write one application each of X-ravs and Infrared rays.

FTET ATV SO0 DT T 0L T I




2. (a) Why are electromagnetic waves called transverse waves?

{b) Draw the sketch ﬂ!:lI'."Jll:Ic g electne field. magnetic field. and direction of propagaton of an

electromagnetic wave,

{c) State the cirection of magnetic field if the electric field oscillates along x-ax:s and the wave

propazates alone z-axis.

2. (a) State the relation between wavelength, frequency, and velocity of an electromasnetic

wave.

(b) An electromaenetic wave has frequency = = 10714 Hz Caleulate its wavelenzth.

{c) Name the region of electromagnetic spectrum to which this wave belongs.

4, (3) Why are microwaves used in satellite communication? State anv two reasons.

{b) Why are radio waves surtable for long-distance commumeation?

() Mention one apphication of microwaves other than commumcation.

3 (a) State any two harmfid effects of ultravioler radiation

{b) Whyv are ultraviolet ravs stll used 1n hespitals?

{c) Name the electromaonetic waves used 1n stenlization and explain why they are surtable.
Answers

1. (a) Electromagnetic waves are transverse waves and can travel through vacuom.

(b) Increasing order of wavelength Gammia ravs < X-rays < Infrared ravs < Radio waves:

() X-rays are used in medical diagnosis; Infrared rays are usad in remote controls and thermal

2. (a) Electromaenetic waves are called fransverse because electric and magnetic fields

oscillate perpendicular to the direction of propagation.

(b} Electrie field, magnetic field, and propacation direction are mutually perpendicular

() If electne field 15 along x-axis aﬂd.pmpagaliﬂn 15 along z-axis, magnetic field oscillates

along y-axis.

3, (a) Relation: c=v).

(B r=cv=(3 > 10°8Y(3 * 10" 14) =0 % 10"-T m=600 nm.

(c) The wave belongs to the visible region.

4. (a) Microwaves are used n satellite commumication because they penstrate the atmosphere

easily and are lughly directional

(b) Radio waves can diffract around obstacles and travel long distances.

{c) Microwaves are also used 1n radar svstems and muicrowave ovens.

5. (2) Harmful effects of ulteavialet radiation: skin cancet and eve damage.

(b) Ultraviolet rays are used m hospitals because they kill bactena and microorzanisms.

(&) Ultraviolet waves are used for stenlizaton doe to their sermicadal action.

Practice guestions
1. (a) Why are X-rays used in medical diaanpsis?
(b) Whyv are gamma rays not preferred for routms medical imamme?
(€) Staie one use of camma ravs i medicine.
2. (a) Explamn why infrared waves are used in TV remote controls.
(b) Dunng fogzy condittons, mfrared cameras work betier than timble light cameras Explan




why.
() Name one other application of infrared radianon.
3. (3) A radio étation breadcasts waves of wavelengih 25 m. Calculate its frequency.
() Name the region of electromagnetic spectrum correspondmg to these waves.
(c) State one charactenistic of these waves that makes them useful for communication.
4, What 15 displacernemt current” Obitain an expression for displacement current between the
plates of a charging capacitor. Show that the displacement cwrrent m the capacitor eguals the
conduction current i the connectine wires.
Answers
1. (3) X-rays have suitable penetrating power and help image bones and tissues.
(b) Gamma rays are mghly enerzetic and can damage living cells,
(c) Gamima ravs are used 1n cancer treatment (radiotherapy).
2. {a) Infrared waves are used i remote comtrols becanse they are sutable for shont-range
COMMUMEanon.
{b) Infrared waves undergo less scattering in fog compared to visible light
(c) Infrarsd radiation 1s also used in thermal imagzing and might vision devices.
3. (a)Frequency v=c =3 x 10"§)25=12= [0"7THz
(b) These waves belong to the radio wave region.
(c) Radio waves are useful for communication because they can travel large distances and
4. Thsplacement cumrent 15 the curent equivalent ansing due to the time-varving elecine flux in
a rezion where there 1s no conduction current (like the pap between capacror platas).
Case Study 1: Development of Eleciromagnetic Waves
James Clerk Maxwell proposed that chanping electric and magnetio fields can generste each other and
trave! through space as electromagnetic waves, Heinrich Hertz expenmettally produced these waves
later. whife Jagdizh Chandra Bosze and Gughelmo Mercom contributed sipmificantly to wireless
communication systems.
Qiestions
(1) Arranee the following EM waves i increasing order of frequency:
{a} Microwaves < Infrared < Ultraviolet < Gamma rays:
{b) Gamma mys < Ulttaviolet = Infrared < Microwaves
(2] Ultraviadst < Infrared < Microwaver < Gamma ravs
(d) Gamma rays < Micrownsves < Infrared < Ultravialet

{1} Visible hight 13 an sxample of:
{a] Electromagnstic waves, (bi Mechanical waves
{c} Lonzindmal waves {d} Magneticwaies

[im) Calculate the fegoency of an EM wave of wavelength 500 km

(a)600Hz  (B)S00H: ()167Hzr  (d)15Hz

(v} The electnc and magnetie field vectors in an FM wave are tachned at

(a) 150° (b) 120¢ (c) 80° (d) 45°

Answers: (1) & [n) a8 (ida () e

1. Radie waves are gensrated by acceleraiing charoes in antennas microwaves by magnetrons mfrared
waves by hot bedies, and uliraviolet ravs by extremely bot objects like the Sun.

() Salar mdiation mamly consists of




{2) Transverse electromagnetic waves {b) Lotisttudmal slectromagnatic waves
{c} Buoth transverse and lonsstudios] waves- (d) Wooe of these

(1) The gresnhousze effect 1= mamly caused by:

[a) Infrared mys (b} Ultavinletrays (o) Xaas (¢} Radio waves

{1ii) The czone laver is important becanse:

{2) It absorbs harmful ultrsviolet mdiation  (b) It reduces greenhoose effect

(] Itreflects radio waves (&) None of these

(1v) Earth's stmozphere i= nchest n:

(a) Ultrasiclet rays (b)) Infrared radiation  {¢) X-ravs  (d) Microwaves
Answers: ()2 (i)a (uz ()b

Production of Electromagnetic Waves

According to Mazwell's theary, accelersting chmrges produce eleciromagnatic waves. Osoillating
electric and magnetic fields conhnuowsly regenerate each ather and propagate throngh space:

(1) Electromagnetic waves are prodoced by:

(a) Accelerating charges (b) Smtionary charges

() Uniformly moving charses  (d) None of these

(13 Light can trevel through vacoum becauseof ity

[a} Tranzvesse natire {b] Electromaznetic natiure

(c) Longitndiral nature {d) Both (a) and (c)

(its1) Find the wavelensth of an EM wave of frequency 8 2 = 10 Hz

fa}36.56m (b) 138 m {c)428m (d)Bm

{1v) Infrared radiations have:
(a) Shorter wavelength than UV rays  (b) Lonzerwavelength than UV mys
(¢) Sam= wavelength as TV raye (d) Ne comparison possible

Answerz: (2 (o) b (w)z () b
Applications of Electromagnetic Waves

Different electromagnetic waves are vzed m technology and healthcare. Xorays are gzed i airport
seconty sustems, while microwaves efficiently heat food contaiming water molegules:

Questions:

(1) Which radiation 15 us=d in sirport luggage scannins?

{a) Gamma ravs {b) Xy (<) Microwavsas (d) infrared ravs

(11) Gamma reys of wavelength | * 107" m have freguency:
{a)3 = 1(F"Hz {(b) 2= 104+ Hz () 2.5=10°Hz (Y33 =10 Hz

(1) Why do mictowaves heat water-contmining food efficently”™
(&) Miccowaves are hest waves (b) Infrared rays produce heahnsz
(e} Watsr molecnles abzorh mucrowsve energy efficiently (d) Frequency has no effect

{1v) Which EM wave has the longest wavelensii®

fa) X-1ays {b) Gamma rays: (c) Microwaves (d)Radio waves
Anzwers: (1} b (1) a: (m3)c (ivhd
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CHAPTER 09

REFLECTION OF LIGHT —

Mirror Formula Focal Length Linear Magnkﬁcaﬁbn'
-1, 1 F R _h_ v

f-ov 2 | *h-"u

- REFRACTION OF LIGHT — \
Snell's Law Refractive Index i 4
--1—--1‘3".”:1';._2 =02 |']=E firun-{_] -
sinr L ¥ v ki ,f’f:lb'\‘
Apparent Depth Critical Angle / :

| Apparent Depth = RealDepth | o 0 L TIR Condition: 1> C

SPHERICAL SURFACES & LENSES
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f

W7 Thin Lens Formula Magpnification
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PRISMS »

Deviation for Prism Formula
Small-Angle Prism _ sin((A + D,,)/2)

Angle of Deviation
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S=zi+e-A

“ 7
- LENS COMBINATIONS & POWER \
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MULTIPLE CHOICE QUESTIONS
1. A beam of light 15 incident at 60° 1o a plane surface. The reflected and refracted ravs are
perpendicular to each other What 1s the refractive index of the surface?
() 183 (b) 3 (ey13 (d) 3
2 A concave murror of focal length f produces a real and virtual 1mage of an object of
maenification m (= 1) when placed at two different positions. The distance between the
positions of the object 15 ¢
@ (m—1)F ®(=mf  (©F (@) zer0
3. Two convex lenses are of focal lensth 20cm and 30¢m are kept parallel to each other such
that a paralie]l beam of incident light emerzes out of the sysiem parallel 1o the primcipal axis. The
separation between the lenses must be

(a) 10em {b) 20em (€} 30cm (d) 30cm
4 Aconcave lens of focal length 20cm s cut mto two equal parts perpendicular to the pnncapal
axis the power of earh part wall be

(2)-2.3D {(b) 5D (c) -10D (d)-20D
5 Which of the following 15 not troe about refraction of light through a glass slab
(3) The angle of incidence and emeroence are =qual '
(b) Some part of incident light 1s reflected
(c) Light slows down msde the glass slab
(d) The lateral deviation 15 independent of angle of incidence
6 The least value of refractive mdex ‘n” for matenal of ptism so that the light grazes along BC
will be :
@RV ®2v3 @32 (@3
7 The refractive mdex of the matenal of a prism 15 42 and its refracting
angie 1s 30°. One of the refracting surfaces ofthe prism 15 made amiror.
A beam of monochromatic light entenag the pnsm from the other face retraces s path. after
reflaction fram mirror surface. The angle of meidence on prism is:
(2) 0° (b) 30° (c) 457 (d) 607
8 An astronomucal refractive telescope has an objective of focal lensth 20 m and an eyepiece
of focal lensth 2 om: Then 1 pormal adjustment:
(a) the angular mapmification 15 1000
(b} the lensth of the telescope tube 15 20.02 m
(c) the image formed is of mverted nature. (d) all of these
S A pamicle moves towards a concave murror of focal length 30 cm along 15 axis and with a
constant speed of 4 cm/ sec. What 15 the speed of s image when the parncle 1s at 90 cm
from the murror?
(a) 16 cmy' sec. {b) 1 cmm/sec. (c) 8§ covsec. (d) 4 cm'sec.
10 Two wdentical thin convex lens each of power P are m contact A third lens 15 kept m contact
with them so that the power of whole system 15 P only. The third lens mmst be a
(z) Convex lens of power 23 (b) Concave lens of power P2
[c) Convexlens cf power P/2  (d) Concave lens of power P




11 A square of side lem 15 viewed through a convex lens of focal lenpth °F such thar thesr
distance 15 halfthe focal length The area of the sguare m the image wall be
(A4em B2 em™ () 144em®  (d) len?

12 A lens made of matenzal of Refractive mdex ‘n' changes its nature 1n 2 medium of refractive
mndex " but disappears in a medium of refractive index ‘nix*. The ratio ny-ne 15 °x7. Choose
the correct option

(a) x>1 (B x=1 (c) 0<x=1 (d) x=2
13 Abeamof light moves mto a glass slab of refractive mndex

A\
1.5 as shown in fisure, TOA=3cm AB=4cm BC=CD=lcm, R "
DE = 12cm and FGs neghmble, the time spent by light rav in
the. glass slab will be .

(a) 0.65ns (B)078ms (c)097ms (d) 1.06ns e
14 If an object is kept at the focus of 2 concave lens of focal length S0cm the image will be
(a) Virnzal ar infingy (b) real at infinmry
(b) Virtnala 25¢m () real at 25¢in
When light suffers total mtemal reflection nts phase changes by
(2) Zero () 50" () 120"  (d)x and x varies with wavelength
16 If wedip a pnsm m water the minmmum angle of deviation dus to e wall
(2) Decrease (b) not change (¢) merease (d) depend on 1 (anzle of incidenee)

17  You are mven four sources of light each one providing a hight of a single colour — red,
blue, preen and vellow Suppese the anple of refraction for a beam of vellow light
correspondme fo a particular anvle of meidence at the interface of rwo media 15 20° Which
of the followmeg statements 15 comrect if the source of vellow light 1s replaced with thar of
other lights without changing the angle of meidence?

{a) The beam of red light would undergo total internal reflection.

{b) The beam of red light would bend towards normal while it gets refracted through the second
medim

() The beam of blue lizht would underzo total mtemnal refleciion

{d) The beam of zreen light would bend away from the normal as it pets refracted through the
second medmm "

18 The optical density of turpentine is higher than that of water ’i f\’ﬁ

WA
f

—
LA

while its mass density is lower Fig shows a laver of "
turpentine floatme over waler mn a contamer For which one of "™ \“ q\

the four rays ncident on mrpentine in Fig the path shown i= g \ LI
correct?
{a)1 )2 (e} 3 (d}4
19 1f1is the imape of a point object O formed by spherical miror. then which of the following
statement i3 incorrect:
a) If O and 1 are on same side of the principal axs, then they have to be on opposte sides of
the mirror
b) I O and | are on opposite sides of the principal @as, then they have to be on same side of
the mirror.

c) If O and T are on opposite side of the pnincpal axis, then they can be on opposite side of




the murror as well at same side of the mimor
d) T O 15 on principal axas then T may not lie on prncipal axis.

20 A pnsm havme an apex angle of 4° and refractive index of 1.50 is located
m front of 2 vertical plane muror as shown A honzontal ray of lght 15
meident on the prism. The total angle through which the ray 15 deviated 15
a) 4 clockwise b) 1787 clockwise
c) 2clodowise  d)8° clodkwise

21 A plano concave lens of foral lenoth 10 cm 5 placed on a paper on which a
coin 15 drawn. How far above its actual position does the comn appear 1o be?
a) 10em b) 15 cm c) 30cm d) none of these

Answers
1.(6), 2.(c), 3.(d), 4.(a), 5.{d), &.(b), 7.(c) 8. (d), 9. (bj, 10. {d), 11. (&), 12. (a)., 13.
(¢}, 14.c), 16.d), 16:(a), 17.(c), 1B.(b), 19(d), 20(b), 21.(d)
EXERCISE QUESTIONS

10 A source of ted color is placed in front of a convex lens its dimimished real imape of almost

same size is formed now red color source is replaced by blue color source choose the correct

option”
a) s real image 15 not formed. b) Shehtly enlarged real images 1s formed
¢ ) Highly dimimished real maee 1s formed. d) Nothing can besatd.

11 A concave murror of focal length 'fy 1s placed at a distance of 'd' from a convex lens of focal
Length ' A beam of light coming from miinity and falling on this convex lens-concave
surror combinatson retums to mfity. The distance 'd’ must egual :
a)fi+H b) i o)k dyaoth

12 A convex mirror forms virtual image of 2 point object at d distance from Its pole It 15 emt
honzontally mto two equal parts and one part 15 removed. New position of image :s found
ajsame at d b) shehtly away fromd  ¢)Shehtly closer  d) No imagesas formed to pole

13 A lens is made of flint plass (refractive index = 1 5). When the'lens 15 immersed in a liguid
of refractive mdex 1-25, the focal lensth

a) 1 bvca Betorof 1-5 lincreases by afactorof 1-2
b) Decreases fo a factor of 2.5 d)Decreases to a factor of

14 A bulb 15 located on 3 wall Its image 15 to be obtamed on 2 parallel wall wath the help of

convex lens. If the distance between parallel walls 15 'd' then required focal length of lens

placed i between the walls 15
i) Onlyd4d b} Onlyd 2
¢) More than d'4 but less thand 2 d)iess than or equal to d'4
Answers : 11 ¢) 12¢) 13.d) 14 a) 15 d)

ASSERTION-REASON TYPE QUESTIONS
For these Questions two statements are grven one labelled Assertion (A) and other labelled
Reason (R). Seleet the correct answer to theze quastions from the options as given below
A If both Assertion and Reason are true and Reason s comect explanation of Assertion
B. Ifboth Assertion and Reason are true but Reason s not the correct explanation of
Assertion
C. I Assertion 1= true but Reason 1s false,
D I both Assertion and Reason are false.
1. Assertion: The images formed by total mternal reflections are much brighter than those




formed by murrors or lenses,
Reason: There 15 no loss of mtensity i total imemal reflection.
2 Assertion: When light enters inside perfectly sphencal water droplet it should not show fotal
mitemnal reflection inside the water droplet.
Reason: When light emters non perpendicular to sphencal water droplet if 1= imternally
reflected
3 Assertion: Law of reflection 15 applicable for all tvpe of murrors.
Reason: Rays which are paraliel to pincipal axis are known as paraxial ravs
4. Assertion: If objective and eve lenses of a microscope are mierchanged then it can work as
telescope.
Reason: The chjective of telescope has small focal lenoth.
5. Asszertion: When water 15 filled mside 3 transparent drmkinp glass ot may act ke a lens,
Reason: Whenever the surface on which light is incident and the surface from which light is
emerzmine out are parallel. we pet dispersion of light
6 Assertion: The formation of rainbow involves total internal reflsction.
Reason: Light source shall be in front of the observer to see s rambow
7 Asseriion: A pnism bends mncident light towards 115 apex angle
Reason: angle of minimum deviaton due to prism 15 more for greater angle of intidence
8 Assertion: A glass zlab does not show any dispersion
Reason: The speed of light in a depends on wavelength of light
2 Assertion: Refraction at a sphenical surface can lead to an image that can be real or virtual
Reason : A real imape is formed when ravs actually meet at a point physically.
10 Assertion: An object must be placed just outside the focus of objective ina compound

MICTOSCOpE.
Reason: The objective shall form a real itnage that would be the object for eyepiece
Answers
lLa 2.d ib 4.d S.c 6.c Td 3.b ob 10.a
EXERCISE QUESTION

1. Assertion: A concave mirror has £=40 cm in air It has = 10 em 1 water.
Reason: Focal lenoth of a mirror ts dependent of medmam.
2. Assertion: A double comvex lens (= 1 3) has focsl lensth 10 £m When the lens 15 immersed
m water (n =43} its focal lenpth becomes 40 em.
3 2

Reason: Because the focal lensth of lens in ]iquid?: ":‘ﬂ =—=
. 1 b

1. Assertion: Power of a lens depends on nature of matenal of lens, medium tn whach 1t 15 placed
anid macmitude radi of curvature of s surface.
Reason: Imace formed by a convex murror is always smaller in size
4 Assertion: A ray of hght travelling i air 13 merdent on 3 glass slab. The ray gets panly
reflected and partly refracted. The phase difference between the reflected and the refracted
WHVES 15 11001 7810
Reason: Imzoes formed by plane mirrors can not be phatographed.
. ‘Assertion: The frequencies of incident. reflected and refracted beam of monochromatc light
mreident from one medum to another are same
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Reason: The incident. reflected and refracted rays are coplanar
ANSWERS
1. D LA 3B 4.C 3B
SHORT ANSWER TYPE QUESTIONS
1When we move away froma tower 15 hesoht appear to decrease Give reason?
2. Does the apparent depth of a tank of water change if viewed obliquely at different angles™ If
50, does the apparent depth increase of decrease?
Draw the ray for refraction of hght throush an air bubble mside water Show that it 15 a
divergent system
4. Focal length 15 50% of radms of curvature. Ts it true about a lens?
5. For a thin glass pnam the angle of nunumum deviation 15 20%% of the pnism angle. Find the
refractive index for the matenal of the prism.
6. When the object 15 at distances vy & ua the imapes formed by the same lens are real and virual
respectively and of the same size. Calculate focal length of the lens?
7. what 15 the principle for endoscopic exanunation of patients m hospital?
8. Will the focal lensth of a lens for red Lisht be mote. same or less than that for blue Light?
Jusufy T
9. The focal length of an equiconvex lens 15 equal to the radus of curvature of ether face What
15 the value of refractive mdex of the matenal of the lens?
10. Wiee advantages of reflecting type telescope over refracting tpe telescope.
- Answers
1. This occurs because the visnal angle subtended by the tower ar the eve decreases as distance
2. Yes, 1t decreasss as the viewing angle becomes more oblique due to greater refraction at the
water-atr interface.
3. An air bubble arts as 2 diveroing lens because light travels from a denser miedium (water) to
a rarer medmum (ar), bending away from the normal upon entrv and exit
4. No: the relation £ = R'2 applies only 1o sphencal minrors. For lenses, focal lenzth depends on
the refractrve index and surface radu via the Lens Maker's Fommila
5. The refractive moex 15 n= 1 20, calculated using the thin prism formulad=(n- 1) Awithi=
0204
6. The focal length 1s f= -(u —wz)/ 2. derived by equating the magmificatons for real and virtual
7. The operating principle ts Total Intemal Reflection (TIR), vtilimng optical fibers to transs
Light through cirved paths mside the body
8. Focal lencth for red hight 15 more because 1t has = longer wavelength and lower refractnee
index than blue hight, and { 1= inversely propertional to (n- 1)
% The refractive index 1s n = 1.3, determmed by the Lens Maker's Formula for an eqmicomvex
lens where f=R.

had




10. Key advantages mclude the absence of chromatic aberranon, easier structural support for
large murrors, correction of sphencal aberration with parabolic shapes, and lower manufarturine
costs.

Practice questions
Q1 How come sunglasses are claimed as powerless though thev are made of curved sphenical
surfaces of transpaianlnaruﬁ:{ﬁnﬁe refractive mndex)?
2 1f In =14 ,%n = 1.5and In = L6 find refractive index of 4* medium wrt 1% medium

Dut of these four mecha 1n which the hght ‘H.-‘I.I.l travel fastest?
A \
{: Notz here i T
In meansrefractive mdex of 2nd medmm w. . t. 1st medium) .

@3 Two hight beams A and B are moudent on 3 tnangalar prsm as
shown. Based on the rav diagram shown explain whuch of the two
(A or B) has a zreafer wavelength.
4. Show that for a material with refraciive index p > 2. hieht mcidént at any angle shall be guided
along a length perpendicular to the incident face
3. A mav of lisht is meident on a parallel slab of thickness ¢ and refractive index n. If the angle of
mcidence 8 15 small Express the displacement in the incident and emerzent ray?
Answers
Ans | . Sunolasses are considered ‘powerless’ because both the front and back surfaces of the
lens have the same radius of curvature (R; =R:), According to the Lens Maker's Formula- P =
(n-1) (LR - 1Rz) Since the surfaces are parallel and curved in the same direction, Ry = Ra.
This miakes the term (1'R1 - 1 R2) equal to zero, resultmg in a net optical power (P) of zero.
Ans? Greenne=14 mz =13 iz = 1.6 To find the refractive index of the 4th mediom writ
the 1st medmim We know that :ns =10z < an: * 0 Smeesms=1 ams=1/ 1.6
ime=14*15=(1/ 1.6)=21 1.6=13125Light travels fastest 1n the medmum with the lowest
absolute refractive index. So medium 4
Ans¥ In the ray diagram, Beam A underooes refraction at the hypotennse, while Beam B
underooes Total Internal Reflection (TIR). TIR occurs when the anale of incidence s oreater than
the crihcal angle (Bc). Since both beams have the same angle of incidence. Beam B must havea
smaller eritical angle than Beam A Since sin 8. = 1'n. a smaller eninieal anele implies 3 higher
refractive index (n). Thus, nz > ns According to Cauchy's formula, refractive index is inversely
proportional to wavelensth (n o¢ 1/2°) Since ng > ny. thea A3 = s Therefore, Beam A has the
greatet wavelength
Ans 4:Consider a ray incident at the maximmm possible angle (967) on the end face of a rod,
By Snell's Law at entrance 1 - 3in(30%) = i - sinfr) == sm(rj=1/n
For the hight to be cwided (underso TIR at the side wall), the angle of moidence at the wall (90°
- 1) must be = Crtical anole (Gc)sm(S0° - 1) = smn(8.) = cos(t)=1lu = Squanme both
sides” cosr) = 1 ,so 1 -sin’{D)= U =5 u=2
Ans 5-The lateral displarement (d) of a rav passing through a slab is grven by d=1 - smff -1}
cos(r). For small angles, sin(6 - £) =8 - r and cos(r) = 1.
d=1(8 - r) From Snell's law for small angles: 8=n - r = r==8n Subsnmting r- d=1(8 - 8/n)
=t-8(1-ln)




Short answer Type IT
Q1 Draw the u-v graph (ces unns) for a convex lens. 1f on this graph there 15 point having
coordinates(50.30), What's the sipnificance of this information? How canwe locate that point
on a gven u-v graph? a
2 Three slabs of height in the ratio 1-2:3 (lowest beine 2em) and
Refractive mdices in the ratio 6:5:4 (hughest bemnz 1.8) are placed
One over the other respectvely. Find the apparent shift mn the
Pozmion of aspot on a paper kept below the slab atthe bottom: (S22 ©
figure, CD=2cm) o
Q3 Light From tnfinty falls on a globe of radius 40cm having refractive index | 3 Find the poim
at which light will be focused.
Q 4 A conmvex lens of focal length Sem 15 used as a sample mucroscope. Find the mummum and
maximum magnifvmg power that can be obtamed from it. Discuss the case when the object 15
kept 3, 5cm away from the lens
Q5 A converzent hight beam 15 focnsed at pount P from left A concave lens is placed at 3 foxed
poux Q" between hight beam and “P°. If a comvex lens 15 kept in the path of emerzent beam the
distance between the final image and convex lens doesn't change wrespective of position of
convex lens. Draw the ray diagram to explain the stuation. What will be the focal leneth of
concave lens?
Q6 How come sunglasses are clammed as powerless theugh they are made of curved sphencal
surfaces of ransparent nature (fimte refractive mdex)?
Q7ifin=1.4,%n = L.5and In = L6 find refractive index of 4% medium wrt 1% madium
Out of these four meda i which the hight wall travel fastest? ( Note - here
in means refractive index of 2nd medium w.r, t. 15t medium)

= 8

Q3 A convex lens of focal lensth f1s placed x metre apart i
from a plane murror. As shown in figure an object = placed ﬁ E
at x distance from the lens away from the mimor et a nn..‘,q;'
relation between v and f for followine conditions el prad f
3 if Firsal immase s formed 2 x (at the position of e
object tself)

b) f no images formed
c) of virtual 1mages are formed.
Q% A convex lens and a concave lens have power m ratio 3:2 when placed in contact effective
focal length of combmation ts found 30 cm. We get real image of an object winch ts placed
at 15 em 'm front of convex lens. This imase & shified by 20 cm when same concave lens s
mtroduced between convex lens and image Calculate the position of the lens introduced.
Hence draw nacessary ray diagram
Q10 You have a concave muror placed honzontally on a Floor An all pin when placed at dimeter
above i1, its real tmage comcide with mzelf” This nurror 1s filled with a hauid of refractive
midex my new imaze is found at Dh if this howd 15 replaced by another Liquid of refractive
ndex oo new wnage 15 found at Dz If oy >n: give 2 relanon between D: and D: with proper
justification using a diagram:




Antwers

Ansl. The u-v graph for a comvex lens 15a rectangular Inperbola 1o the second and fourth
guadrants (if usmg Cartesian sizn convention). In ces tnists, the pownt (50, 50) sienifies that when
the object distance u=-30 cm, the i1maze distatice v =50 cm

Sigmficance At thas pomni, [ul = [v| = 2f Thus, 2f = 50 cm, which grves the focal length £=
cm. The tmage 15 real. inverted, and of the same‘size as the object

Locating the pomnt: Draw a line v = u (or a line 2t 45° to the axes passine through the origin).
Ihemiaﬂacunnnfthjslmewﬁhﬂiﬂhvpﬁbolaﬂmﬂmmlm“'hﬂru v=2f

Ans? Height ranio 1:2.3. Lowest (hi)=2 cm sole=4 cmand s =6 cm. _
Refractive index ratio 6:5:4. Highest (m:) = 1.8, so re = (5/6)*1.8 = 1.5 and n: = (4/6)*1.8 =
1.2 Total Apparent Shift (As) =% h; (1- bm) As=2(1- VL8)+4(1-1L15)=6{1-1/12)
As=2{0.8/1 8)=4{0.571.5) + 6(0.2/1 2)=H49) =K 1/3) = 6{1/6). As=89+13=1=(8~+12
+9)y9=299=322 cm

Ans3. Fustrefraction: m=1, n:=1.3, v=, RB=40cm. Usng (n2'v) - {nyu} = (m-m )R

(1.5%1) -0 = (15140 => 1531 = 0540 = v1 = 120 cm from the first surface Second
Ef'_’ﬁﬂr:ﬂun_ﬂ.' =7y - Diameter = 120 - 30'=40 cm (1nz1de globe, directed towards second surface).
n=1 5. ne=1_R=40em (1) = (1. 5/40)=(1-1 3)(-40) = 1/v> =0 540 = 1. 540 =2/40=1/20 x>
—"ﬂcmfrmnthfserﬂndsu:fatf{ﬁﬂcmﬁﬂmthemj

Ans 4 Minimum Maemfying Power (at mfinity): M min=D/f=25/5=3.

Maxtmum Masnifying Power (a1 D) M max=1-Df=1-255=6

Caseu=33cm m=Du=25335=713

Thas :5 more tham maximum m but not useful as mn this case v=<D = 25cm so blurred :mage will
be formed

Ans 5 If the position of the final image after a convex lens ="

doesn't chance regardless of the lens's posstion, the

emergent beam from the concave lens must be parallel (&t — -
wnfimity’), This happens if the convergent beam (meeting at =TT s
P) is incadent on the concave lens such that pomnt Pactsas - -*"y\" v

its virtual focus (F) Thus, Focal lensth of concave lens =

Enstance QP.

Ans 6 Sunplasses have cwrved surfaces where the radii of curvature of the front and back surfaces
are equal (R: =Rz},

Using Lens Maker's Formula: P = (n - 1)}{1R: - URz). Since R: = Rz P = (. Thus, they are
powerless.

Ans7Ind=n43%n 32%0 7] Guenn 12=14. 0 23=15n 43=16n 21=1ln 12=
1'l4n 32=1n . 23=1/15. n=’ll—lﬁ'{1 15)*(1/114)=16" 21=0.76.

‘u’i‘:imtyt = ¢'n Light travels fastest in the medium with the lowest absolute refractive index.
Based on the ratios, medmm 4 15the rarest wort others, so light travels fastest mn mediom 3.
-!.nﬁﬂa}lmﬁgeaixﬂrmysnﬂﬁhﬂmmﬁtharpmhﬁﬂmsﬁhghﬁﬂinmﬂh on the
murror. The maze from the lens must be at infiny, sox =1

b} No image: If the virtual image by the lens comncides with the plane mumror's surface or 1f light
never converges. Practically, if tha obyect 15 at £ rays are paraliel and no real image forms.

¢) Virtual image: If the object 15 placed within the focal lenoth 10 x<f

Ans 9 Power ratio 322, focal lenothmtio 2.3, Tetf1 =2k 2 =3k I F=1H1 - 182 =130=
12k-13k=1ok=06k=30=k=5.f convex=10cm_f concave=-13cm

Object at 15 cm from convex lens: Iv-1(H15)=110== Iix=110-1/15=130==v=30
e When concave lens is introduced. image shifts by 20 em (moves to 30 = 20 =50 cm).




For concave lens: Objact is the viral image at 30cm. Let lens be at distance 'd’ from convex
lens w concave =30 - d. v.concave =50 -d. L(50-d) - 1(30-d) = 1'(-13). Solnns for d gives
the posmion.

Ans 10 For a murror filled with hqmd, the effective focal length decreases. Since nl = n2, the

hiquid with nl 1s denser D2 and D3 are related to the apparent depth and the radins of corvature.

D2 <D3 because the denser hiquid (n1) causes a greater shiftrefraction. bringmg the comeidence

pomt closer

Practice Problems

1.In case of a concave murror magmification 15 found to be - 0.3 for a certamn position of obyect,
when object 1s displaced by 3 cm from 1s posttion, magmification becomes 0.25 What wall be
the focal lensth of the minor? Draw rav diagram to support your answer

2 You have two mirrors one 15 concave other 15 convex focal of each murror 1= 30 cm are placed
D m apart such that thesr principal axis are common 1o each other An object 15 placed between
them at 2 point P which 15 43 em from concave mumor Tt s found that final smapes formed
on object itself Draw probable ray dizzram and caleulate value of D?

3 When we use an astronomucal telescope, we say there must be a certain minimum and maximum
iength of the Telescopic tube, which means distance between objactive lens and eve lens
should not have a value beyond a minimum value and a maximum valoe, Justify? Draw
appropnate diagram where necessary

4.{a)A right angle isosceles pnizm bands 3 ray of Light by 90° when  the ray mcidents normal to
i1s one smaller face What may be the maximum or maximnm pessible values of refractive
mndex of the medium of the prism?

(b) If this prism is taken to analyze bending of different coloas it i1s observed that when vellow
eolour mordents perpendicular to its one small phase emersent ray shows-angie of dewviafion
45" Draw a diagram showing refraction of green red, blue and vellow colors.

—-5.A convex lens has focal length £ i ar How i1s focal length would change in following cases:

a) surrounding medium 15 made shohtly optical denser than 1t

b) surrounding medium 15 made slishtly optical denser than air

c) surrounding medrum 15 made shzhtly optical rarer than air
6.A convex lens with focal length fis cuf into two equal pars

honizontally as shown in fisure. These twe parts are shifted . | -
away alono principal axis up to a separahon of dm_ Ancbject Ij—.a.. = *
and 1ts unage fornmed by this combimnation has separation of Sy

4m. 1f magnification produced by one part 1s - 3.0. Calculate | = 1
F & d. draw probable Ray dizoram

7 There 15 a concave mirror of radros of cervature 30 cm A U-shaped wire of dimensions 15 cm,
15 cm and 15 em s placad vernically in front of it alone sts axis such that s minimum distarice
from the pole of the murror :s 45 cm_ Find total length of the smage formed? Diraw ray diagram
to support Vour answer

8 There is a plano convex lens whoss radms of curcature 15 2.5 cm and maximum thickness 15 9
em and object are placed at certamn distanee from the convex surface then 1ts images formed
at plane surface If refractive index of the medium iz 1.5, calculate magnification produced?




Q9 A student performs the experiment to find refractive index of matenal of a an squilateral
class prism. The readines obtamed by him are mven below Now he clarms that the nummum
deviation shown by the prism 15°:37°. Suppert (or crticize) his elaim by sutable mathenistical

.

"Angleof [33° |40 4350 BT T 7
I \
" Angle of | 417 35° 3739 |37 3s | 390
| deviation

Firidl the reftactive mflex of the matcrial of the prist based on his readings.
Q10 A bar AB of lensth {0cm is placed along the
principal axis 20cm awav from a transparemt

hemispherical glass sphere of radius 30cm (see e

fizure) Find the lencth of tmase of thebarso a4 B 0

formed. — -
Answers

Ans | Formula:m=f (f-u), Final Answer: £=5'6 cm (or 0.83 cm)

Ans 2 Formmula: I'v+1lu=1f and D=v,-R;Final Answer: D=30cm
Ans 3 Formula: Imax=fo ~fe. Lmn=fo—{fe*D) (=-D)

Final Answer: Length ranges from fo = (2*D) (D)oo~ fe

Ans4 Formula:n=1 sm(c) devianon={n-1)A

Final Answer: flesn = 1.414; Blue deviates most, Red deviates l=ast

Ans5 Formula: 1'f=(n lens n medium - 1¥1/R: - I'RT)

Final Answer: { increases as n_medm mereases (if nmedium <n_ lens)

Ans 6 Formula: 1 v-1Vu=1f m=wvu Final Answer: f=0.75

Ans 7 Fermula: 1 v—1lu=11{. m=-/u Final Answer: Total length=15cm
Ans § Formula: n2/v - nl/u =(n2-n1)R: m={nl*v)(n2*u) Masnification=-02
Ans 0 Formula: n =sm{(A - Dm) 2}/ sm{A:2) n= 150 (Claim for Dm = 37" 15 supported)
Ans 10 Formula: n2v -nlu=(n2-nl)R Final Answer: Length of imaga =45 cm

LONG ANSWER TYPE QUESTIONS

1. 2Draw a labeled ray diagram of a simple microscope n normal adjustment.

b} A thin pencil of length (f'4) 13 placed coinciding with the principal axis of a murror of focal
length £ The mage of the pencil is real and enlarged, st touches the pencil Caleulate the
magnification produced by the murror.

2. 3)A convex lens 15 placed m contact with a plane mimror A point obyect at a distance of 20 cm
on the axis of thiz combination has its tmage comoiding with nself What 1s the focal length
of the lens?

b) Calculate the angle of mmimum deviation of an equilateral prism. The refractive mdex of the
prism is y 3.Calculate the angle of incidence for this case of mmimum deviation also.

3. a) Draw a schemanc arrangement of a reflecting telescope {Cassegram) showing how ravs
comne from a distamnt object are received at the evepiece:




b) A ray of light 15 mcident on 3 refracting face AB of 2 prism ABC at an anole of 45° The 13y
emerges from face AC and the angle of deviation 15 15° The angle of prsm 15 30° Show that
the emerzent ray is normal to the face AC from which it emerges out Find the refeactive index
of the matenial of the prism.

4, a) For the same value of angle of incidence, the angles of refraction in threemedia A B and
C are 139 25° and 35° respectively In which medum would the velocity of light be
mairmm?

b} A rectangular glass slab ABCD (n, = 1.5) 15 sumounded by a i

transparent biqud (n, = 1.25)as shown m the fimure. A ray of —-—: j h—-—
light is incident on face AB at an angle t such that s refracted il e fi
out grazmsz the face AD. Find the value of angle === rresss
5. 2)An optical instrument uses eve-lens of power 20 D and the 7 ==

ohjective lens of power 50 D. Name the optical mstrument and
calculate 13 magmfang power of 1t forms the final image at infmity
biThree lenses Ly Lz, Lz each of focal lenoth 30 om are placed co-axally as shown in the figure.
An object 15 beld at 60 cm from the optic centre of Lens L;. The final real image 15 formed at
the focus of La Caimﬁat:l:l:&:sepﬂmnunbcmfm{_) : |
(Lyand Ls)and (if) (L2 and L)
6 Derve Lens maker’s formula Use 1t to show that a lens 4
disappears m a medium of refractive index same as 115
own material
7 Dtaw a ray ciagram to show refraction through a prism. Give prism formnla. How it 1a
modified for a thin prism? Draw graph to show vanarion of 1 with 6
8 Draw a ray diagram to show refraction at a convex spherical surfare formine a virtual image.
White the refraction formmla relating u, v and B 1f the hight 15 gomng from (1) denser to rarer
(11) rarerto denser
9 A thin convex lens 1s made of matenal of refractive mdex "0, on the left side of lens medium
has refractive mdex ny and to its fight refractive mndex 15 tiz. If iy <n<s Draw a ray diasram
to show image formation by it if object forms a real image. Hence establish relation among
otect distance{u). mage distance (v) and radmss of curvature (R)
10 For a glass prism_ write the prism formula In an astronomucal telescope  objective lens of
focal length 1350 cm and an eyepiece of focal length 6 cm are used.
(a) Calculate the maemfying power of the telescope 1n "normal adyustment "
{b) What 15 the length of the telescopic tube 1 this case?
A telescope has an objectrve lens of focal length 150 cm and an evepiece of focal length 5 em.
1. ‘What is the masmfyvino power of the telescope?
2 Ifthus telescope 15 used to view the moon what 15 the diameter of the 1mave of the moon

formed by the objective lens? .
(Giverr The diameter of the moan is 3.6 X 10°Pm and radivs of lunagr orkii is 4 X 16°m).
Answers
1. a) refer to the mst b) position of the otherend u = — _r = —4/3

f—.—
_a}.hghira}sﬁﬂmthtnhjmmmﬁi]lﬂnp!mmmmaﬂjt Forthis f =u=20cm




b) use prism formuls to find § = 60° and theni+e=A+8(i =
Jalefertothemstbii e =A+8=Fe=0"=r, ="
4 2)Use snell's law and the relation. n = —ooof DERTIMISOAT (4 i Medium A)

spaed af light in th medim

'I::]Usethfi'i:'ﬁatmﬂsmsinfrz—l-z- sin sinr =:—-? Use Spell's lawto find { = =

fyz

‘"L.l

5. 3) Compound microseope, calculate f, For image 15 at mfinity, m = 2

b) Use lens law to find the mnage distance at first place. v, = 60 cm. then the light ravs
must be parallel between L. and L, Use this concept to find the answer (1) =90 em (11) anv
valuef 6 Formula- 1/f=(n2/nl - 1)}(1/R1 - LR2)

Condition: When nl =02, (n2nl - 1}=0, 50 1'f= 0 and f=infinity.

Final Result- The lens disappears as it behaves like a plane sheet of olass.

7 Prism Formula n = sin[(A + Dm)/2] / sin(A/2)

Thin Prisme delta=(n- 1}A

Graph: The 1-delia eusve shows devianon decreasing to a muntmum (Din) and then increasing.

§ (1) Denser o Rarer nl'v-2u=(nl - n2}R

(11} Rarer to Denser- p2v - nl/o={(n2 -n1)R

9 Formula nvl-nlu=(n-nl)R1

Second Surface: n3v -avl =(n3 -n)R2

General Relatton n3v-nl'u=(1-nl)Rl =(n3 -n)R2

0L Case 1 (fo=150, ey m=Tofe=1306=25. L =fo~fe=156cm
2. Case 2 (fe=150, fe=3)  m=fofe=130/3=30
3. Moon Image: Angular size ¢ = (3.6 x 10°6) / (4 x 10"8)=0.009 rad |
Answer Diameter of image=o* fo=0009* 150=135cm

LONG ANSWER TYPE QUESTIONS-PRACTICE QUESTIONS

1. ‘An object 15 placed at a distance of 40 cm on the pnincipal axs of a concave nurror of radius
of curvature 30 cm. By how nmch distances do the imares may move if the obiect 1= shifted
thropgh 13 cm?

. It vou =it 1n 3 parked car, vou glance m the rear-view muror R= 2m and notice a jogger
approaching If the jozer is mnning at a speed of 5 ms™, how fast is the imaoe of jozzer
moving when thejogger 15 3% m away.

3. Four dovble convex [2nses with following specification are available.

[

Lens | Focal length | Aperture Lens l Focal length | Aperture |
A 100 cm 10cm € 10 em 2cm
B | 100cm Sem D Sem | 2em

Which of the ziven four lenses should be selected as olyective and eveptecs to construct an
astronomical telescope and why? What will be the magnifyins power and length of the tube
of this telescope?

4, Draw ray diagram to show the working of a compound mucroscope. Deduce an expression for




magmfying power when the final imape 15 formed at the near point. A compound microscope
with an objectrve of 1.0cm focal length and an eve-piece of 2.0cm focal length has a tobe of
length of 20em  Calculate the magmfying power of the micrescope, if the final mage is
formed at the pear pomnt of the eve.
5. Draw a ray diagram to show the workine of an astronomica] telescope Deduce an expression
for magnifying power when the final image 15 formed 3t the near point. The masmifying power
of ari astronpmical telescope in the normal adjustment 15 20, If the lenoth of the telescope 13
105cm m this adjustment find the focal lensths of the two lenses
ANSWERS
1. 135em 2 j m/s 1 Eve lens-D. Objective lens-A_20, 105 em
4m=270 5 5cm,100cm
CASE STUDY/PASSAGE-BASED QUESTIONS
1. A pnsm 15 a portion of 3 transparent medium bounded by two plane faces mclined to each
other at a sustable angle. A ray of light suffers two refrachons on passing through a pnsm and
hence deviates through 2 certain angle from its oniginal path. The angle of deviation of 3 prism
15 d=(u-1)A,
Through which a v deviates on passing through 3 thm prism of small refractine angle 4 If p
Al
is refractive index of the matenal of the prism. then prism formula 15,4 = “::_‘:f'
(1) For which color, ancle of deviation 15 maximum?
al Red  b)Yellow ¢jViolet d)Blue
{15} When whate light moves in sravity free remon
a) all colors have same speed b) different colors have different speeds
¢) violet has more speed than red d) red has mote speed than violet
(111) The deviation through a pnsm 15 maximum when angle of incidence 15
a) 45 b)70" cyeo’ dyst*
(1v) What 15 the deviation produced by 3 prism of angle 6°7 (Refractive mndex of the matenal of
the prism 15 1.644).
a) 3.864° b)4.595° cj7.259¢ dy1.2528
(v) A ray of light falling at an angle of 30° 15 refracted through a prism and suffers nunmum
deviation If the angle of prism 15 60°, then the angle of munmmm dewation 15
a) 452 B)75° e)50° dy40°
2. An optical fibre 15 a thin tube of transparent matenal that allows light to pass through
without being refracted into the air or another external medium It
make use of total internal reflection. These fibres are fabncated m.
such a way that hoht reflected at one side of the inner surface stnkes'
the other at an angle larser than critical angle. Even, if fibre 15 bent.
light can easily travel along the leagth.
{1) Which of the followinz 15 based on the phendmenon of total internal reflection of light™
a)Sparkling of diamond b) Optical fibre commumication
(11} A rav of light will undergo rotal intemal reflection inside the optical fibre, if 1t




a) goes from rarer medium to denser medm
b) 15 incident at an angle less than the cntical angle
c) strikes the interface normally
d) 15 incident at an anele greater than the-cntical ancle
(1i1) If in core, ansle of incidents is equal to entica] anele. then ansle of refraction il bs

a) O° bs" c)0° d)18¢’

(1v) In an optical fibre correct relanon for refractive indices of core ( n1) and cladding (ny )15
a)ny =m b >a: cimy <oz din:=2

(v} H the value of crtical angle 1s 307 for total inrernal reflection from siven optical fibre, then
spesd of light in that fibre is
a) 1¥ms? Szt ms?! c)ix 10 ms? d)45x 108 ms?

3 The lens maker's formmla relates the focal length of 3 léns to the refractive index of the lens
miaterial and the radn of curvature of s two surfaces. This formula 15 called so becamse 1t 1=
used by manufacturers o design lenses of required focal length from a glass of grven refractive
index 1f the object is placed at infinity, the image will be formed at focus for both double
convex lens and double concave lens.

Therefore, lens maker's formola is % = (u; — ) [=— 2]

(1) The radivs of curvature of each face of biconcave lens with refractive index 1.5 5 30 em. The
focal lenoth of the lens m air1s
a) 12em:  b)ji0cm cl20 cm d)30 cm
{11) The radii of curvature of the faces of a double comvex lens ate 10 cm and 15 cm. If focal
length 15 12 cm. then refractive index of glass 1s

a) 15 b)1.78 )20 d12.52
(1) An under-water swimmer cannot see verv clearly even m absolutely clear water because of
a) absorption of hight 1n water blscattenng af light 1 water

¢} reduction of speed of hzht m water dichange m the focal length of eve-lens

(1v) A thin lens of glass (1= 1.5) of focal lenoth 10 om is immersad inwater (. = 1.33),
The new focal length 15
a) 20cm b)40cm cH8cm d)12cm

{v) An object 1s mmmersed 1 a flhed. In order that the object becomes imnsible; 1t should
2) behave as 3 perfect reflector
b) absarb all lught fallino onit
) have refractive mdex one
d) have refractive index exactly matching with that of the surrounding fluid.

4. A convex or converming lens s thicker at the center than at the edges. It converges a parallel
beam of light on refraction through 1t It has a real focus: A convex lens 1s of three types |
(1) Double convex lens (1) Plano-convex lens
(111) Concave-convex lens. The concave lens is thinner at the center than at the edges. It
diverges a paralle] beam of lisht on refraction thropgh 1t Tt has a viriual focus.




{1). A point obsect O 15 placed at a distance of 0.3 m from a convex fx Wi

{ens (focal leagth 0.2 m) cut into two halves each of which is A |
displaced by 0.05 m as shown in the fioure. ¥ Fo i
What will be the location of the image? — < .
4) 30 em rizht of lens b)60 e right of lens -

¢) 76 cm left of lens A0 em teft of lens

(1)Two thin lenses are m contact and the focal lenoth of the combination 15 80 cm. If the focal
length of one lens is 20 em, the focal lencth of the other would be.
a)—267cm )60 cm ek 80 em d)20 cm
(111}A sphenical air bubble 15 embedded 1n a piece of glass: For a ray of light passng through
the bubble. it behaves ke a
a) converzng lens b)dmverming lens ) plano-converging lens  d)plano-diverzing lens
(1v) Lens used m magmfying glass 1s
a) Concave lens b} Convex lens
c) Both (2) and (b) d) Nesther concave lens nor convex lens
(v)The maemification of an image by a convex lens 15 postiive only when the obiect 1s placed
a)atis focusF bbetweenFand 2F  c)at2F  d)between F and optical center
Answers
1. aja gravity-free remon 15 essentially a vacuum for the

L 1 c)Deviation & ————
woarelengeh

purpose of light propagation
11 ¢ The deviation 13 maximuom when the ray erther just enters the prism (grazing mcidence)
or just exits the prnsm (grazmne emercence).va) use formaula 6=({u- 1) A
v) dumseformulai+e=86+4 '
2.1d) nd) 1 c) . ¢) For TIR, light must travel from a denser medium to
ararer mediom v b) Usimng formula sinsini, = f: and then use Snell'sformuda
3. 1 d) use lens formula 1o calculate focal length
1. a) use lens formula to calculate refractive mndex
11 d) The ddference i refractive mdex between the water and the cornea s very small. This
significantly reduces the refractive power of the cornea, making 1t difficult for the eve to
converge light ravs sufficiently to form a clear image on the retina
iv. b) use lens maker’s formmla to calculate sew focal lensth v. d)
41 b}wmmtamewemna]mmm§=é+i

FR

tit b) A spherical air bubble within glass acts as a diverging lens becanse the light ravs moving

from glass 1o air bend away from the nommal, and then when moving from air to glass, they

bend towards the normal acam resulting in an overall divergence of the light rays.
1. b) comvex lens produce 3 masnified. virtual, and erect imape of an objzct
v. d) Ray diagrams may be dravwn to locate the position of object

CASE STUDY/PASSAGE-BASED PRACTICE QUESTIONS

1 Onabnght suniy day a student burns a paper by using a convex lens (reffactive index
1.5) by keepme 11 40cm m-away from the lens. Now he dips the lens 102 glass filled with a
liqud. He repeates the act by bringng 1t closer to the paper time and again but could not




paper rather than comime closer to it He follows lus teacher and performs the activity. fora
particular distance “d” be could burmn the paper again
(1)The focal lensth of the lens'm air 15
(2) 20em  (b)40cm () 60cm (d) 80cm
{11) if the value of *d’ 15 2m the refractive mndex of the ligud 15 nearly
(@136 M145 (@15 (D188
(111) The behaviour of the lens m the hiqud 1 like a
(a) prism (b) concave lens  (c) glassslab  (d) comvex lens
(iv) If he uses a lens of bigger aperturs but same material and same rady of curvature the
valuz of *d” for which he could burn the paper wall be
(@) d=2m (b)d<2m (c) &=2m (d)dependinz on size of aperture

2 A compound mucroscope 15 an optical mstrument used for observing lnghlv resolved and
magnified images of tiny objects which are placed very close to it Magnifying power of 2
compound microscope 15 defined as the ratio of the angle subtended at the eve by the final
image to the angle subtended at the eve by the object, when both the final image and the
obsects are situated at the least distance of distinct vision from the eye. It can be siven that:
m=m:X Mg, Where me1s the magmfication prodoced by the eve lens and msis the
mapmification produced by the objective lens. Consider a compound microscope that consists
of an objertive lens of focal lensth 2.0 cm and an evepsece of focal length 6 25 em separated
by adistance of 15 cm.

(1) The cbject distance for eve-piece so that final image 15 formed at the least distance of
distinct viston, will be
(a)345cm (b)5cm (e} 2% em (d}2.59 em

(1) How far from the objectrve should an object be placed m order to obtain the condition
described in part (1)7

(a}4.5cm (b}2.5em ()l 5cm (d} 3.0em
(111) What 15 the maenifving power of the microscops in case of least distinct vision?
(3} 20 {(b)30 (cM0 (d=0

(1v) The mtermediate image formed by the objective of a compoeund microscope 1s
(a) real, mverted and mapnified(b) real. erect and maomfied
(c) virtual erect and magnified(d) virteal; inverted and magnsfied

OR

The magmfyving power of a compound microscope 1ncreases with

(a) the focal length of objective lens 15 imcreased and that of eve lens 15 decreased.
(b) the focal lengih of eye lens 15 increased and that of objective lens 15 decreased.
(c) focal lengih of both obyects and eve-piece are mncreased.

(d) focal length of both objects and eve-piece are decreased.

3. As we know, when light ray travels from one medmm 1o another changes its direction of path
due to the change m optical density of the mediom. When light ray travels fom optically
denser medium to the optically rarer mediurn then some of the heht get reflected back mn the
same medmm and remaming light get refracted in the =econd medium and such a phenomenon




of light 15 called a3 mtemal reflector light We know that when a ray of lisht travels from
denser medium 1o rarer medmm then 1t get beat away from the normal. If we increase the
angle of inridence slowiv then angle of refraction also get mcreased and at one stage, the
angle of refraction 15 90% for some angle of moidence: And further of we mncreasa the angle of
meidence then there will be no refraction of light, and the ray will be totally intermally
reflected. Such phenomenon of reflection of light 15 called as total mnternal reflection of light.
And the angle of mcidence 1 denser medium for winch the angle of refrachion m farer
medium 15 90°, that anple of incidence 15 called as entical angle So we define total internal
reflection as if the angle of mcidence exceeds the cntical angle, then the total light get
utemally reflected. Mirage is the best r=al-life example of fotal intemnal reflection of licht.
The high brilliance of diamonds 15 enly due 1o the total intemal reflection of hight through
them which 15 2=t total internally reflected many times and causes bnlhance of diamonds.
Prisms ate also made by using fotal intemnal reflection of light We all know that, aptics 15 the
vast branch of phyvsies which has vast application i our datly hife such as optical fibre. Optical
fibre are used for long distance wransmission of audio and video signal also. And they are
matnly constructed on the basts of total mnternal reflection of light to reduce the decrease m
amplitude of the sending sygmal

t) For cntical angle the value of commesponding angle of refracionis
2) 180° b) less than 0° ¢) greater than 90° d) 90°

1) As the refrartive index of the madium mncreases the comesponding value of crfical angle for
thatmediom
a) decteases b) increases
¢) remains same d) independent of refractive index of the medmm

1) In case of total mternal reflechion. for angle of mcidence greater than critical angle the
refraction of light 15 not possible because
2) Sneil’s law of refraction get sansfied  b) Saell’s law of refraction cannot be satsfied
c) laws of refraction cannot be satisfied  d) can™t sav

iv) What ts mean by optically denszer and optically rarer medinm?”

OR
How would total mternal reflection of light be possihle in caze of optical fibres?
Answers
1 9b i) a ii1) d we
2 b )b ui)b w)a OR d

3 1)d)ysoe i) a) decreasss ui} b} Snell’s law of refraction cannot be satisfied
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MULTIPLE CHOICE QUESTIONS(1-20)

1. In Young's double slit expenment, the two shits act as coherent sources of equal amplitude
‘a’ and of wavelength ). In other expenment with the same set up, the two slits are sources of
equal amplitude “a” and wavelenoth ), but are inicoberent. The ratio of intensity of light a1 the
mid point of the screen in the first case (o that in the'second case is '
(221 (b)1:2 (c) 3:4 (d) 43

2. The maximum number of possibis interference maxima for slit separation equal to

twice the wavelength in Young's double shit experimentis
[a) infinit= (b} five (c) thres {d) zero

3. Young's double slit expariment is first performed in air and then in a mediumyother than
air. ltis found that 8th bright fringe in the medium lies where 5th dark fringe liesin air. The
refractive indaex of the medium is nearly.

(@) 1.25 (b) 1.59 [c) 1.69 (d) 1.78

4. In a Young's double-slit experiment, the source is white light. One of the holes s
covered by a red filter andanotherby a blue fil ter. Inthis case,

(a} thera shall be 5 Interference patterns of red and blue

(b} thers shall be an intarferance pattam for red distinct from thatfor blue
{c) there shall be no intarference fringes

(d) there shall be an interference pattem for red mixing with ones for blue
3. Huygen's concept of secondary waves

(a) is used to explain absorption of light by & medium

(b) is & geometrical method to find the position of a new wavefront

(o} is used to determine the velocity of light

{d} is-used toexpiain rectilinear propagation of light

B. Diffraction pattermn (s observed using green light. When green light is replaced by red
light

(a) no change is observed

{b) bands bacome narrower and crowded

(o) bands become broader and well separatad
(d) bands disappear

7. Awavefront is defined as a surface where all points have:




(a) Different freguencies (b) The:same phase

(c} Different amplitude (d} Zero displacement

8. Two indepandent sodium lamps do not produce an interference pattern because:
(a) They have different intensiiies. (b} Their phase difference changes randomly
{c) They are too farapart {d} Sedium amits white light

9. A single slitof witdth 0.1 mm is illuminatad by light of wavelength 600 nm. The streen s
2 m away. The width of the central maximum is:

(a) 12 mm (b} 24 mm {c) & mm (d) 3 mm

10. Light of wavelength 6328 A is incident on a single slit ofwidth 0.2 mm. The angular
width of the central maximium on a screen kept at a distance 8 m from the slitis

(a) 1.5 X10%rad  (b)3.142X10%rad  (c)6.328X 10%mad  (d) 14.3X 107 rad

11. The resultant amplitude of a vibrating particle by the superpesition of the two waves
y-=asin( wt+a/3) and y:=a sinwtis:-
iaja {hjv2a {c}2a ()33

12. Which of following is a3 true statement, if in Young's experiment, separation between
the slits is gradually increased :

(a) fringe width increases and fringes disappear (b)fringe width decreases and fringes
disappear

{c)fringes become blurred.  [d) fringe width remains constant and fringdes are more bright

13. In an interferance of yellow light derived from tw siit spertures, if at some point on the
screan, yellow light has a path difference of 3 A/ 2. then the fringe at that point will be :

(a)yellow in colour (b) white in colour  (c)dark (d}bright

14. Two beams of light having intensities | and 4| interfere to produce a fringe pattem on a
screen, The phase difference between the beam js /2 at point A-and 21 at point B. Then
find out the difference betwesn the resultant intensities st A and B.
{a)21 {b)5! g} (d) 41

15. In an interferenca pattern of two waves fringe width is B . If the frequency of sourca is
doubled then fringe width will become::

(@ (1/2) B (bj@ (ci2@ (d){3/2) B

16. in Young's double-slit expariment, distance between slits in kept Tmm and a screenis
kept 1m apart from slits. {fwavelength of light used is 300nm, then fringe spacingis




{a} 0.5mm {b) 0.5cm (€] 0.25mm (d) 0.25cm

17. A light sourca of 5000A wave length produces a single slit diffraction. The first minima
in diffraction pattern is sean, at a distance of 5Smm from central maxima. The distance
between screen and slit is 2 metre. The width of slit in mm will be :

(a) 0.1 (1) 0.4 (€ 0.2 (¢l) 2

18. Find the half angular width of the central bright maximum in the Fraunheotfer diffraction
pattern of a slit of width 12 * 10 cm whan the slit is illuminated by monochromatic light
of wavelength 6000 A,

(a) 40° (b) 45° (c)30° (d)B0°

19. What happens If one of the slits, say S. in Young's double, slit experiment-is covered
witha glass piate which absorbs half the intensity of light from it?

(a) The bright fringes become less-bright and the dark fringes have a finite light intensity
() The bright fringes become brighter and the dark fringes become darker

(c) The frings width decreasss -

(d) No fringes will be observed

20.1n 8 double slit experiment instead of taking slits of egual widths, one slitis made
twice as wide as the other. Then, inthe intarference pattam

{a) theintensities of both the maxima and the minima increase

(b} the intensities of the maxima increases and minima has zero intensity
ic| the intensity of the maxima decreases and that of the minima increases
(d) the Intensity of the maxima decreases and the minima has zero Intensity.

ANSWERS (1-20)

e = —r

2. | Maxmmum possible maxima sin 6= 1= n=2 No: of maxima N=(2n+ b
D=@x2+1)=5

3. | X dark= Xz bnght Equating we set p=178 o d
4. | Inthis case thers shall be no interference fringes. | ¢
5. | 1z a zeometnical method to find the position of a new wavefront b

6. | This occurs because red light has 2 longet wavelength than green light, | ¢
and diffraction fringe wadth 15 directly proportional to the wavelength

7. | Awavefront 15 a locus of all particles wibrating mn the same phase Ttssa | b
surface of constant phase




§. | independent sources undergo abrupt phase changes every ~107¢s b
(temporal mcoherence). The pattern averages outl. producing unrform

2.

tllummnation
9, | Linearwidth=2iDa=2 = 600»107 * 2/ (0.1%105=24x10"m=24 b
mm.
10. |28= 2.2=6328X 107 rad T «
11 | usethe formula A* = 47 + A2 4 24, A.¢co5 @ - d
12 | Use formula, =D d. As the fringes become narrower, they become I ®
hardﬂrmmsnn@mh and eventually. they will disappear
13 | path difference 352 as (1 +=)h-condition for dark fringe c
14 E!EE the formula / = 1, + 1. + 2ylilicosd T4
15 formula § = 2 — = |
= |eede A= _d ~ v *
16 | use the formula == | a
17 uaﬁ:ﬂmﬁm:lav——ﬂ c
18 | condition for the first nunmm s e sin f = 4 c
19 | The bnzht fringes become less-bright and the dark innges have a finite | a
| light mtemsity 1
20 | because the increased haht ﬂ:raughﬁ: wader slit prevents perfect . a
| cancellation at the mimma winle addme total ensegy to the maxima |
EXERCISE QUESTIONS

- Two coherant light beams of intensity | and 4l are supsrposed. The maximum and

minimum possible intensities in the resulfing beam are:
(2) 51 and 31 (b) 5l and | {c) 8l and 3 (d) 9 and |

In an interference experiment; third bright fringe is obtained at a point on the screen
with a light of 700 nm. Whiat should be the wavelength of the light in order to obtain 5th
bright fringe atthe same point?
(3} 500 nm- (b) 630 nm () 750 nm (d} 420 nm

- In Young's double slit experiment, the two slits act as cohsrent seurces of egual

amplitude A and wavelength A. In another axperiment with the same set up the two slits
are sources of equal amplitude A and wavelength A but are Incoherent, The ratio of the
intensity of bght at the mid-point of the screan in the first case to that in thesecond case is
{ayd:1 {bj2:1 {eil:1 {d)1:2

In Young's double slit experiment maximuny intensity of each source is | . At angular
position 8 the imtensity becomes 4] where Sin @ is:

(8) Vd () M2d (c) A3l (d) Mrad




5. Whichof following is a true statement, if In Young's experiment, separation between the
slits and screen is graduslly decreased :

{a)fringe width increases and fringes disappear. [bjfringe width decreases and fringes
disappear. (cifringes become blurred (d)frings widih remains constant and fringes are
mtre bright

ANSWERS- 1.d 2.d 3.b 4. a 3.b
ASSERTION-REASON QUESTION

For these Questions two statements are given one labetled Assertion (A} and other
labelled Reason (R). Select the carrect answer to these guestions from the options as
given balow

(a) If both Assertion and Reason are true and Reason is comect explanation of Assartion.

(B) i bioth Azs=rtion snd Beazon'are trus but Reason = not the correct explanation of Assariion,

(e) If Assertion is true-but Reason s false. .

(d) If both Assertion and Reason are false.

1. Assertion (A): The fringe width in Young's experiment decreases wher the axperimeant

is performed In a medium with refractive index greater than 1.

Reason (R): The effective wavelength of light In'a medium becomes My, whare | is the

refractive indax.

2. Assertion (A): Two equal wavelengths meet at point when coming from opposite

direction may give brightest spot at the point of meeting.

Reason(R) : fwowaves moving in opposite directions meetin oppesite phase,

3.Assertion (A): The two slits in YDSE are illuminated by two different sodium lamps
emitting light of same wavelength. No intarference pattem will be obsenves.

Reason (R): Two independent light sources |except LASER) cannot be coherent.

4. Assertion (A): In calculating the disturbance produced by a pair of supermposed
incohearent wave trains, you can add their intensities.

Reason (R): | =1, + L +2{l:}:)"*cosB. The average vatue of cos 8 =0, for incoherent waves.

5. Assertion (A): Thin films such a5 soap bubble or thin layer of cil spread on water show
beautiful colors when illuminated by white light.

Reason (R): Itisdusto intarference of Sun's light reflected from upper and lower surfaces

of the film.

6. Assertion (A): In YDSE cenfral fringe may not be a bright fringe.

Reason (R): If path difference at central fringe is zero then it will be a bright fringa.

7. Assertion (A): Frinze width in single skit experiment depends upon refractive index of the
medium.

Reason (R): Refractive index changes optical path of ray of light forming fringe pattern also

changes.




8. Assertion (A): Diffraction of light |s more pronounced through a narrower slit.
Reason (R): The amount of diffraction | Inversely proportional to the siit width relative to
the wavelangth.

9. Assertion (A): We cannot get diffraction pattern from a wide slit illuminated by
monachromatic dght.

Reason (R): In diffraction pattern, all the bright bands are not of the same intensity,
10. Assertion (A): In Young’s experiment, the fringe width for dark fringes is differentfram
that for white fringes.
Reason (R): In Young's double slit experiment the fringes are performed with a source of
white light then only black and bright fringes are obsserved.

ANSWERS

1.8. 2e. 3.a. 4a 5a 6.b 7.2 B.a 9 b 10.d
EXERCISE QUESTIONS

1. Assertion (A): In Young's double slit experiment if intensity of each source js |, than
mirimum and maximum Intensities will be zero and 4l respectively.

Reason (R): In Young's double slit experiment energy conservation is not followed.

2. Assertion (A): Two monochromatic sourcas of light ariginated from same source with
intensities | and 4l are placed in front of two slits in interference pattemn in front of both
the slits intensity of fringes shall be different.

Reason (R): Central band of interferance pattern shall be the brightest.

3. Assertion (A): The angular fringe width in YDSE is iﬂﬂepénden‘t of the distance D of the
screen,

Reason (R): Angular fringe width f =B/D =Md; it depends enly on A and d.

4. Assertion (A): Wavefronts are always perpendicularto rays of light.

Reason (R): A ray i3 defined as the direction of energy propagation and is always
perpandicuiar to the wavefront. '

3. Assertion (A): Interference obeys the law of conservation of energy.

Reason (R): The anergy is redistributed in case of interference

SHORT ANSWER TYPE -

1. How does the fringe width in Young's double-siit experiment change when the distance of
saparation between the slits and screen |2 doubled?

2 When white Ught is used in YDSE we say Cantral band Is white surrounded by colored bands
with Inner edge as violet and outer edge as red. justify i, as well a5 explain pattern of width
of fringes obtained.

3. In &8 Young's double-siit experimental set-up with slit separation 0.6 mm a beam of light
consisting of twowavetengths 440 nm and 660 nm is used to obiain interferance pattern




on ascreen kept 1.5 minfront of the slits. Find the least distanca of the point from the
central maximurm where the bright fringes due to both the wavelengths coincide.

4. Answer the following guestions: | .

(1} In what way |5 diffraction from each siit related to the interference patiem in a double slit
expearnment?

(if} When a tiny circular obstacle is placed inthe path of light from a distance source, 3 bright
spot is seen at the center of the shadow of the obstacle. Explain, wity.

5. (a) The raticof the widths of two slits In Young’s doubls slit experiment Is 4: 1. Evaluate the
ratio of intensiies at maxima and minimzs in the interference pattem.
(b) Does the appearance of bright and dark fringes in the interferenca pattermn viotats, inany
way, canservation of energy?

6. Two plane monochromatic waves propagating in the same direction with amplitudes Aand
2A and differing In phase by nf3 superimpose. Calculate the amplitude of resulting wave.

7. (a) Write: the conditions under which light sources can be: ssid to be cohersni
(b} Why is it necessary to have coherant sources in arder to produce an interference
pattern?

B.Draw the shape of the wavefrant coming out of a concave mirror and a convex lens when a
plane wave is incident on it.

g. How will the interference pattern in Young's double slit axperiment gets affected when

(I) distance between the slits S1 and 52 is reduced and

(I} the enfire set up is immersad in water. Ju;._;t"rfy your answer In each case.

10. Howwill the angular separation and visibility of fringss in Young’s double slit experiment
change when (i} screen is moved away from the plane of slits, and (il width of source slit
is increased?

SOLUTIONS/HINTS

1. The fringe width Is B = AD/d, D (distance between slits and screen) is doubled, then fringe
width will be doubted. | |

2. Since white lightis a combination of sll visible colors, the superposition of all colors at
the central maximum results in a bright white band. Also the position of bright fringe is
directly propertional ta the wavelength of light. Thus, the first order bright fringe will be
a spectrum with violet light at the inner edge and red Ught at the outer edge.

3.n=2, y=n A:D/d , y=3.3mm | '

4.(i) The observed double-siit Intarference pattern is actually the interference pattern
modulated by the single-slit diffraction pattern.

(i} Due to the symmetry of the circular obstacis, the diffracted wavelets from all points
along the circumference of the obstacle’s edge travel the same optics! path length to
the exact center of the shadow. Because they travel the same path length, they armvein
phase at the center of the shadow. This in-phase superpesition leads to constructive
interference at the exact center of the shadow, resulting in a bright spot.

5. (a)Intensity ot width of slit and Use the correct formula Ans, 9:1




(b) No, the appearance of bright and dark fringes does not viclate the law of conservation
of energy.

6. Usetheformula 4* = A7 + A% + 24,4, coscosd Ans AT

7. {a) Conditions for Coherent Sources: Same Fraguency/Wavelengih: The light sources
must emit light of the same frequency or monochromatic. light. Consitant Phase
Difference: The phase differenca between the waves must remain constant with time.
Same Amplitude (Optional but preferred): For high-contrast interference, amplitudes
should be nearly equal. Origin: They should be derived from a single source to maintain
phase consistency.

(b} MNecessity of Coherent Sources: Coherent sources are necessary to produce a
sustained (stable) interference pattamn. If the phase relationship changes randomly
[inceherent), the bright and dark fringes will shift positions constantly, averaging out to
uniform illumination, and no interference pattem will be observable

8. Concave Mirror: When a plane wavefront is Incident normally, the reflected wavefront
converges at the focus. Therefore, It is a2 converging spherncal wavefront.

Convex Lens: When a plane wavefront passes through a convex lens, it converges
towards the focal point. The refracted wavetront is a converging spherical wavefront.

9. {i) frinige width increases As B=AD/d |

(i) fringe width decreases

10.8 = % Angular separation & =_i (i} unchanged (il] the Irterference patiern becomes

less and less sharp. When the source slit becomes so wide that the conditions/S<NDis

not satisfied, the interference pattern disappears, but the angular width remains
unchangad.
EXERCISE QUESTIONS

1.In YDSEwith D =1m;, d= 1mm, light of wavelength 500 nmisincident atan angle of 0.57°
w,rt. the ais of symmetry of the two siits in the experimental set up. If centre of
symmetry of screenis O. (Competitive Corner)

{I}) find the position of cantral maxima
(1) Intensity at point O Interms of Intensity of central maxima la.

2. In Young's double slit experiment using mono-chrematic light of wavelength X; the
intensity of light at & point on the screen where path difference is X, is K units. Find out
theintensity of light at a point whete path differenceis 203,

3. In young's double slit experiment how Is the fringe width change when

{a] Light of smaller frequency is used

(b} Distance between the slits is decreased?

4.What type of wavefront will emerge from a (i) polnt source (i) distant light source (iii} A
spherical wave front after reflection from a plane mirror. (iv) & spherical wave front
aftar reflection from a concave mirror.




5. Two wavelengths of light 600 nm and 610 nm are usad in turn, to study the diffraction at
a single slit of size 2 mm. The distance between the slits and screenis 2 m, Calculste
the separation batween the positions of the second order maximum of the diffraction
pattern obtained Inthe two cases.

ANSWERS
1.() 9849 mm {ii) 0.901. 2. K4 3. (a) increase {b) increass

4. (i) spherical wavefronts (i) plane wavefronts (iii) spherical wavefronts (diverging) (iv) is
spherical (either converging or diverging) or plane wavefronts, depending on the
source’s position 5. 0.025 mm.

SHORT ANSWER TYPE- Il

1. [2lWhat |s the effect on the interference fringes if the monochromatic source is replaced
by a source of polychromatic light.

(b) In Young's double shit experiment, the two siits 0.15 mm apart are illuminated by

maonochromatic light of wavelength 450 nm. The screen is 1.0 m away from the slits.

Find the distance of the second (i) bright fringe, {if) dark fringe from the central Maximum.

2. How will the interference pattern in Young's double slit experiment gets affected when

(I} distance betwesan the slits 31 and 52 is reduced and

{il} the entire set up is immersed in water, Justify your answer in each case.

3.A parallet beam of menechromatic light falis normally on a narrow stit of width *a’ to
produce a diffraction pattern on the screen placed parsilel to the plane of the siit. Use
Huygaens' principle to explain that

(1} the cantral bright maxima is twice as wide as the other maxima.
(i) the Intensity falls as we move to successive maxima avay from the centre on either
side.

4.(a) Why ars coherent sources necessary to produce a sustained inferference pattern?
{B) In Young's double slit experiment using mong-ch mmﬁﬁﬂ light of wava%éngth A, the
imtensity of light &t a point on the screen where path difference is A, is K units. Find out
the intensity of light at a point whare path difference is 2A.

5. (a)Define the term wave front.

(b) State Huygen's principle.

(e) Consider a plane wave front Incident on a thin convex lens, Draw a proper diagram to
show how the incident wave front traverses through the lens and after refraction focuses
on the focal point of th.e lans, giving the shape of the emergant wave front. .

6. (a)Draw a graph showing the variation of imtensity of light with the position on the

scresn in“'n"::uung'é double- sbit experiment.

(b} Find the intensity of light at a point on the screen when twe intarfaring waves of the

same intensity (1,] have:a path difference of (I} /4 and [ji] 2/3.




7.Which of the following statements does not correctly comply with Huysens' Principle of
constructing a secondary wavelront from a primary wavefront? Justify esch case?

(alAfter some ﬁmg interval, the new position of the wave front is the forward envelope to

the secondary wavelets,

(k) Secondary waveiets propagate outward through a medium with speead charactanstic of

waves in that medium.

(c] A secondary wavefront is always a plane wavefront irrespective of whether the primary

wavefrant is planar or spherical.

B. {3} In a Young's double slit experimeant, the two slits are llluminated by two differant
lamps havin g. same wavelength of light. Explain with reason, whether interference
pattern will be observed on the screen or not.

(b} Light waves of intensities . each from two coherent sources arrive at two points on
a screen with path differences of 502 and 5A. Find the Intensitles at the points.

9.Two monochromatic sources of light originated from same source with Intensities | and
4| are placed in front of two slits in YOSE. Prove that in intarference pattem in front of
both the slits intensity of fringes shall be same irrespective of the fact that sources are
coherent or not. lustify?

10.Why we need coherent sources to get sustained interference of light? Someone says
that twe identical independent light sources can be cohement for a very short time
period. it iscalled temporal coherency. Explain the statement,

SOLUTIONS/HINTS

1. 8} fringes will become coloured near to edgs of cantral band lower wavelength will be
Seen.

(b) (i) Distance of second bright fringe is = % =hmim

(i} Distance of second dark fram central maxima , = 3{3=4._'5mm

2. 1) fringe width Increases As B=)D/d
if) fringe viidth decreases B & A

3.1] Describe single slit exp using wave theory |i) This is because the waves diffracting from
different parts of the slitinterfere with sach other, and the interference pattam creates
both bright and dark fringes (minima]. The central bright fringe is the brightest and
widest, and the intensity of the secondary maxima (bright fringes) decreases as you
rmove further away from the center.

4. (a) if sources are not coherent then phasa difference will be time varying.

(b) phase difference=h=2n/A x 2= 4 n intensity =L cns—"{%} J=Kosa =K

3. {a)Wavefront is the continuous locus of all points (such as wave crests or troughs) that
'::_rﬁ{:ﬂlate in phase, meanin E thﬂ',f ate at the same distance from the Sourre,
(b)Correct principle {c)proper disgram with explanation
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(b) Correct formula application {i) 2 le (i) lo
7. [a) correct, The forward envelope tangent to all secondary wavelets forms the new
wavefront.
{b) correct, Wavelets always travel st the meadiuny's characteristic wave speed.
{c] inmm.sﬂmndaq' wamﬁuﬁts mimic the primary shape; sphencal wavefronts
produces spherical secondary wavefronts, not planar anes.
8. (&) no interference pattern will be observed as the sources are two independent
Sources.
(b) use direct formula and values will be 0 and 41, respectively.

9. Justify using formula of intensity

10. Coherent sourcas give constant phase difference and stable fringes. Independent light

sources can maintain a steady phase relationship only fora fleeting duration, This brief
phase stability is called temporal coherence.
EXERCISE QUESTIONS

1. A beam of light consisting of twe wavelengths, 650 nm and 520 nm, is used to obtain
interference fringes in a Young's double-slit experiment.(a}Find the distance of the third
bright fringe on the screen from the central maximum for wavelength 8§50 nm. (b)What is
the lzast distance from the central maximum where the bright fringes due to both the
wavelengths coincide?

2. In a double-slitexpeniment the angular width of a fringe Is found to be 0.2% on a screen
placed 1 maway. Thewavelangth of light used is 600 nm. What will be the angular width
of the fringe if the entire experimiental apparatus is immersed In water? Take refractive
index of waterto be 473,

3. A narrew monochromatic beam of light of intensity | is incident a giass plate. Another
identical glass plate is kept close to the first one and parallel to It. Each plate reflects
25% of the incident light and transmits the reaming. Calculate the ratio of minimurm and
maximum intensity in the interference pattern formed by the two beams obtained after
reflection from each plate. -

4. What are coherent sources? Why are coherent sources required to produce interference
of light? Give an examptle of interfarence of light in everyday life. In Young's double slit
experiment, the two slits are 0.03cm apart and the screen is placed st adistance of 1.5
maway from the slits. The distance between the central bright fringe-and fourth bright
fringe is 1 cm. Calculate the wavelength of light used. -

3. [l)Whatis the difference between a ray and 5 wavefront 7

(1)-A piané wave is ncident on a reflecting surface. Using Huygens principie, show how
it is reflected from the surface. Hance, verify the law of reflection.




ANSWERS/HINTS

1 195040 — 6600
=3 i ¥ 2

mmn
2.0.15 degrees 3.0.008 4, Definition ,300 nmi
S.{I}Carrect difference {iljVerification using Huygens.principle
LONG ANSWER TYPE QUESTIONS

1. [a) Siste the essential condition for diffraction of light to take place.

(B) Use Huygen's principle to explain diffraction of light due to 3 narrow single siit and the

formation of a pattern of fringes obtained on the screen.

(o) Sketch the pattern of fringes formed due to diffraction at 2 single slit showing variation

of imensitywith angle 8.

2. Red colour of light of wavelength A Is passed from two narmow siits which are distance d
apart and Interference patiarn is obiained on the screen distance D apart from the
plane of two slits. Then find the answer to following parts assuhing that slit widths are
equal to produces intensity |- from each slit.

{a) Intensity at a point on the screen, situatad at a distance 1/4 th of fringe separation
from centre.

(o) Intensity in the screen, if the sources become Incoherent by using two different lamps
Behind lamps 51 and 52.

(c) Angular position of 10th maxima, and the angular width of that frings.

(d} Finﬂ the distance between 5th maxima and. Ird minima, at same side of central
rreaniis,

3. (a) Ina diffraction experiment, the sbitjs illuminated by lght of wavelangth 600 nm. The
first minimum of the pattern falls at § = 30° Calculate the widih of the slit.

{b) Show that the angular width of the first diffraction fringe is half of that of the central
fringe. |

(e] if a monechromatic source of light Is replaced by white light, what change would you
observe In the diffraction pattern?

4. (a] In Young’s double slit experiment, derive the condition for (| constructive interference

and (i) destructive interference st a point on the screen.
{b) A beam of light congisting of two wavelengths, 800 nmand 600 nm is usad to obtain
the interference fringes in a Young’s double slit experiment on a screen placed 1.4 m
away. I the two slits are separated by 0.28 mm, calculats the least distance from the
central bright maximum where the bright fringes of the two wavelengths coincide.

5. Explain Huygen's principle. Name the types of wavefronts that corresponds to a beam of
light
{a) coming from a convex lens when point source placed at focus.

{b) coming from very far off source.




(c) coming from a convex lens (1 for lens = 1.1) when point source placed at its focus
ihside water = 1.33.
{d} wave front from a distant source fall parpendicular to an equitateral hollow prism
plecad in side water,
6. (a)Prove the laws of reflection by wsing a basic principle in wave optics. Name the
principle. '
(b) Laser light of wavelength 640 nrmi incident on'a pair of slits produces an interference
pattern Inwhich the bright fringes are separated by 7.2 mm. Calculate the wavelength
of another source of Ught which produces interference fringes separated by B.1 mm
using same arrangament. Also find the minimum value of the order 'n’ of bright fringe
of sharter wavelength which coincides with that of the longar wavelength
7. (a) In a single slit diffraction pattern, how is the angular width of central maximum
affected wher (I} siit width is increased (i) the distance betweer the slit and the screen is
increased.
(tii} light of smaller wavelength is usad. Justify your answer.
(b) A slit of width d isilluminated by light of wavelength 700 rimi. Find the value of d forwhich
the first minimum falls at an angle of 30°
SOLUTIONS/HINTS

1. (a)Essentizl condition for diffraction: the size of the obistacle or aparture (slit) must be
comparable to the wavelength of the light being used.

(b) Correct explanation
# tr:. —
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2. {a]ﬂ:r—-—-z = *i'—-— =44 Eﬂsans—-"zﬂﬂ
(b) Ne iI"I'EETfEIBHC-E pﬂﬂﬂm observed,liaen = 21,
{cldsin 8 = 104, find & using this formula ; Angular width A8 =§

(d) distarice=|y; —ys  Ans- 22
3. 3) Condition forminima; asin @ = ni uaﬂmisfﬂrnmlatnﬁnda 1.2um
b) Condition for first minimum, a# = 4 ;8. _: 8. :—;

Angularwidth=28; =-‘;~
cj The central maximum will remain white, secondary maxima will become colored
fringes and the overlapping of different colored secondary maxima will increase,
4. a) correct derivationfor (i) constructive Interference and (il) destructive interferencesta
point on the screen.




bjHere y, = - to find the order of the bright fringes: Then calculate the position of this

coinciding fringe Using both pair of values. Anz: 12 mm
5. The principle js h.asei:{ on two primary postulates:
Secondary Sources; Every point-on a glven wavefront acts as a source of new secondary
spherical wavelets.
Forward Propagation: The new position of the wavefront at any later time Is the forward
ervelope (the common tangent surfece) of all these secondary wavelets
a) plane wavefronts  b) plane wavefronts ¢) Using lens maker's farmuls, we will find
that lens will behave diverging. So we get diverging wavefront  d) Plane wavefront
6. (a) Correct prove-and name of principle
(bjDistance betwesan two bright fringes = Fringe width
B2 using B / Bi= 14
=720 nm, minimum oroder n=9
7.(a) i) decrease, & =df , justification

(i) independent

(il) decrease, 6 ==

(b)dsind =i .d=1.4um
EXERCISE QUESTIONS

1. {a} In-a YDSE, two light waves, each of intensity [;,interfere at a point, kaving a path

difference % on the screen. Find the intensity at this point.

(b) In-a deuble-slit experiment,67 dark fringe is observed at a certain pint of the screan, A
transparent sheet of thickness tand refractive index n is now introduced in the path of

Zin—1lr

one of the two intarfering waves to Increase its phass hy—T—.The pattarn |s shiftad
and Ebright fringe |s cbserved at the same point. Find the relstion for thickness tin
termsof nand A. (Competitive Corner)

2.(a) Draw the variation of intensity with angle of diffraction in single siit diffraction pattem.
Wirite the expression for value of angle corresponding to zero Intensity locations.

(b} In what way diffraction of light waves differs from diffraction of sound waves?

(c) A parsllel beam of light of wavelength 650 nm passes through a slit of width 0.6 mm,
The diffraction pattern is obtained on a scresn kept 60 cavaway from the slit. Find the
distance between first order minima on both sides of the central maximum.

3. A physics teacher wants to demonstrate Interference with the help of double shit
experiment using a laser beam of 633 nm wavelength. Since the hall is large enough,
interference patiern is formed enthewall 5 m frem the slits. For clear and comfartable
view by all the students they want the fringe width 5 mm.

(a) Find the slit separation for cbtaining the desired interference pattermn.

(k) How far will the first minimum be frem the central maximum?

(c)Light waves from two pinholes illuminated by two sodium [amps do not produce




Interference patierns, Give reasan

4. A double slit set-up was initially placed in a tank filled with water and the interferentce
patternwas abtained using a laser light. When water isreplaced by atransparent Uguid
of refractive index n > 1. what will be the sifect on the following:

{a) Spesd, frequency, and wavelength of the light of laser beam

(b} The fringe width, shape of interferance fringes and shift in the position of central
rmaxirmum.

5. Using Huygen's principle draw a ray disgram showing the propagation of a plane wave

refracting at a plane surface separating two media: Also verity Snell’s law of refraction.

ANSWERS
sd
1.(aj3.414 iy () <=1
2.(z) Correctgraph (b} light waves have low wavelength. (] 1.3mm
3.(a) 633um (b)2.5mm {c) they are not coherent, meaning they do not maintain

a constant phase relationship
L[B}_spﬁﬂd of light and wavelength will decrease and frequency remains unaffected.
(b} Frings widih decreases, shapes and position of central maxima will not change
2.(a) Correct ray diagramand correct derivation. .
CASE STUDY/PASSAGE-BASED QUESTIONS

(C.5.-1). In a Young's doubleslit experiment, the two slits bahave as coherant sources,
When coherent light waves superpose over each otherthey creste an interference
pattemn of S-Ejﬂci"u‘ﬂ' bright 3ﬁd dark regions due to i:ﬂnstmctwe and destructive
interierence. Two slits 2 mm apart are llluminatad by a source of monochromatic light
and the interference pattern is observed on a sereen 5-0 maway from the slits as shown
in the figure.

Hmmmn)
(/) What propertyof light does this  Light ™ »
interferance exparmeant wavelongth 4 l p “-I’ 0
—_— i |
demanstrate ? o
— T
(A) Wave nature of light (B} e tlr"“'I 0
Particle naturs of light  (C] L I - :?
Transverse nature of light __r_u.a
(D) Both wave nature and R e |

transverse nature of lght

(ii) The wavelength of light used in this experimentis:

(A]720nm (B}380nm (C)480nm (D) 384nm

(iii) The frings width In the Interference pattermn formed on the
scresnis: [ﬁ} 12mm. (B)0-2mm. (Cl42mm. (D)68mm
(iv) The path difference betweenthe two waves mesting at point P,




where there I5 a minimum In the Interference pattemis:

(A)J8-1%10°m (B172%10°m [C)&5*10°m (D)&0*10"m

{v} When the experiment is parformed in a liquid of refractive index

graater than 1, then fringe patterm will :

(A) disappear. (B) become blurred. [C)bewidened. (D)be compressed
Answer (C.5.-1).

() {A) wave natureof light () (C)480nm (i) [A) 1.2mm.

{iv) (B) 7.2X10° m. (v) (D) b= compressed

(C.5.-2).

The phenomenon of bending of light around the sharp comers and o =
the spreading of light within the geometrical shadow of the opague ey l | h.“-::‘."
obstacles is called diffraction of light. The light thus deviates from ‘ ) N Sy 'L A N
its linear path, The deviation becomes much more prenounced, ‘ T "|' > ”
when the dimensions of the aperture or the pbstacle are — k- -

comparable to the wavelength oflight.

(i) Light seems to propagate in rectilinear path because

(Alits spread is very large.  (Bjits wavelength is vary small

(Clreflected from the upper surface of atmosphere  (D)itis not absorbed by atmosphere
(i) In diffraction from & single slit the angular width of the central maxima does not
dependson (A)Ad of light used. (Bjwidthofslit (C) distance of slits fromythe screen

(D) ratio of 4 and slit width

(iii) For a diffraction from a single siit, the intensity of the central pointis

(A} infinite. (B} finite and same magnitude as the surrounding maxima

(C) finite but much largar than the surrounding maxina

(D} finite and substantially smaller than the surrounding maxima:

(iv) In 2 single diffraction pattern chserved on a screen placed at D metra distance from
the slit of width d metre, the ratio of the width of the central maxima to the width of other
secandany maxima is | approx.)

(A)2: 1 (B) 1:2 (€121 (D)3 1
Answer (C.S.-2).
(ii8 (e (iiiy © (iv) A




(C.5.-3)

When Ught from 3 monochromatic source ks incidenton 3

single narrow siit, it gets diffracted and a pattern of alternate I
bright and dark fringes iz obtained on screen, called — =
"Diffraction Pattern” of single slit. In diffraction pattern of | .

single siit, itis found that

(1) Centrsl bright fringe is -of maximum intensity and the

intensity of any saﬁqnﬂary bright fringe decreasas with increasa in its order.

(ll) Central bright fringe is twice a5 wide as any other sscondary bright or dark fringe .

Read the following case/passage and answer the following questions:

(i) Asingle slit of width 0.1 mm is llluminated by a parallel beam of light of wavelangth 6000
A and diffraction bands are cbsetrved an 8 screen 0.5 m from the slit. The distence of
the third dark band from the first dark band of opposite side is
(Al 6 mm (B)15 mim (C}3 mim (D2 mm

{il) In Fraunhaofer diffraction pattern, slitwidth is 0.2 mmand screen is 2t 2 m away from the
lens. IFwavelength of light used is 5000 A then the distance batween the first minimum
on either side the central maximum is
(A) 10" m [BJ10#m (€)2x 163 m (D122 10

{iii) Light of wavelength 600 nm is incident normally on a slit of width 0.2 mm. The angular
width of central maxima In the diffraction pattem s
(A) 6% 107 rad [Bj4 x 107 rad (C)2.4 2107 rad (D}4.5 % 10 rad

(iv) A diffraction pattermn is obtained by using a beam of red light. What will happen, if the
red lightis replaced by the blue light?

(v] To obseree diffraction, the size of the obstacle
(A) should be A/2, where A s the wavelendth.

(H) should be of the order of wavelength.
(C) has no relationto wavelength.
(¢} should be much [arger than the wavelength.

Answer (C.S.-3).
(D (i} B (i} & (iv) Explanation (v} B
EXERCISE QUESTIONS
(EQ-1)

interference of light:- If double slit apparatus 1s immersed ina
liquid of refractive index p, the wavelength of light reduces I =
to My and fringe width also reduces to B=p/u. The given |
figure shows a double-siit experiment in which coherent HII-
monochromatic light of wavelength A from s distant source

.




is incident upon the two slits, each of widthw (w=> A ) and the interference pattern is
viewed on a distant screeri. A thin piece of glass of thickness t and refractive index nis
placed betwean one of the slit and the screen, perpendicular to the light path.
(1) In Young's double slitinterference pattern, the angular fringe width
(A} can ba changed only by changing the wavetength of incident light
(BJ can be changed only by changing the separation between the two slits
(C} can be changed either by changing the wavelength or by changing the
separation between two slits .
(D} is-a universal constant and hence cannot be changed
{il} If the width w of one of the slits Is increased to 2w , ‘thé wav& amplitude emerging from
the slit will change from ata:
(A} 1.5a (Bj2a (C)v2a (Djno changs
(tii] In YDSE, let A and B be two slits. Films of thicknesses . and & and refractive indicas
e and pz are placed in front of Aand B, respectively. If pata=p:ts then the central
maxima will
&) not shift {(B) shift towards A (C) shifttowards B
(D) shift towards A ift: = t. and shifttowards Blfta <t,
{iv) In Young's double slit experimant, &third slitis made in between the double slits. Then
(&) fringes of unequal width are formed.
{Bj contrast between bright and dark fringes is reducsd
iC} intensity of fringes totally dizappears
{D) only bright lightis observed on the screen
(v] In Young's double slit experimant, if one of the slits is covered with a microscope cover
zlip, then
{A) fringe patiern disapp=ars
(B} the screen just gets illuminated
{C] in the fringe pattem, the brightness of the bright fringes will decreases and
the dark fringes will bec-:ume-rﬁnr& dark
(D) bright fringes will be mare bright and dark fringes will become mare dark.

(EQ-2)interference is based on the superposition principle of v b |
waves from coherent sources. According to this principls, at a A
particular point in the medium, the resultant displacement o s,

produced by a number of waves is the vector sum of the Sebu lusy |
displacements produced by each of thewaves. If two isolataed

sodium lamps illuminate two pin holes S. and 3. The intensities will add up and no
interference fringes will be observed on the scresn. Here the source undergoss abrupt
phase change in times of the order of 10+ saconds called temporal coherency,

e

(i) Two coherent sources of Intansity 100 W/ and 25 W/m# interfere to form fringes. Find




the ratio of maximum intensity to minimum intensity

[2) 5:3 (b)e:1 (c}4:1 (d)None of the all

{if) Which of the following does not show interference?
(8) Seap bubble (bjExcessively thin film of oil
(A thick fitm of oil (d) Wedge shaped film

(i) In & Young's double-slit experiment, the siit separation is doubled. To maintain the
same fringe-spacing.on the screen, the screen-to-slit distance D must be changed by
(8} 2D (4D (e djD

(v} The maximurn number of possible interference maxima for slit separation equal to
twice tha wavelength in Young's double-slit experiment, Is

(8) Infinite (b)Five (cjThres (d)zero

(v] The resultant amplitude of a vibrating particle by the superposition of the two
Waves are

y=asin [wt +n/3] and y=asinwtis

(a)a (b)v/ 22 (c)2a (d}y 3a

(EQ-3)

Giffraction and interferance are closely related phenomena that occur together.
Diffraction Is the phenomenon of bending of light around the &ﬁges-que'nﬁﬁt'a::{e, while
interference is the combination of waves that results in a new wave pattern. In order to.
get interderence, there must be at least two waves that are diffracting. So while diffraction
can occur without Interference, interference cannot occur without diffraction. Two slits of
width 2 pm each in an opague materal are separated by a distance of 6 pm.
Monochromatic light of wavelength 430 nim is Incident normally on the slits, One finds a
combined Interference and diffraction pattern on the screen,

{i). The number of peaks of the interference fringes formed without the central peak of the
ervelope of the diffraction pattern will be

(a)2 (b)3 94 (d) 6 |

(ii}. The number of peaks of the interference formed if the slit width is doublad while
keaping the distance between the siits same will be

{a) 1 (b)2 €] 3 (d)4

(iifi). Ifinstead of 450 nm light, another light of wavelength 680 nm is used, number of
peaks of the interference formed in the central peak of the envelope of the diffraction
nattern will be

{a)2 (b} 4 (el {d19

{iv). The number of bright fringes formed due to Interference on 1 m of screen placed at
413 m away fromtheslitsis

(a)2 (b} 3 [cl& (d) 10
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MULTIPLE CHOICE QUESTIONS
L. A oraph is plotted between the stoppine potential (on v-axis)

and the frequency of meident radiation {on x-axus) for ametal r /
The product of the slope of the strarght line obtained and the | .
magniiude of charge on an electron 15 equal to° | A =
(a)h (bihe (e} hiZe (d)2he '

2. Ametal surface giects electrons when hit by green light but none
when hit by yellow lisht The electrons will b 2 ejected when the surface 1s hit by,
(2). blue light (b). heat rays {c). mirared light (d}. red light

3. The work- finction of a substance is 4.0 €V, The longest wavelength of light that can cause
phmueifchun emussion from thus substance is approxmately: -
(a) 540 (b) 400 nm (€)310 nm (d) 220 nm

4. Phntneie:t:ic effect takes place m element A Tts work finchien 15 25 &V and threshold

wavelength is i, An other element B is having work function of 5 ¢V Then find out the

mmmmﬂeng&&n:nmm&mphuﬂﬂacﬁctﬁ%ﬂmﬂ -

(a) 22 (b) 2% ()i (d) 35

The de-Broglie wavelength of a peutron 1n thermal equilibrium with heavy water a1 a

temperature T (Kelvin) and mass m_is

P O 0

6. The photoelectne threshold wavelength of silver 15 3250 = 107° m. The veloaty of the
electron ejected from a silver surface by ultraviolet light of wavelensth 2336 > 107" m 1s:
(Grem h = 414 = 10¥ eV s amd ¢ = 3 = 108 m 57
(A)=6* 10°ms*(B)=0.6 % 10°ms* (c)=61*10ms* (=03 *10Fms

7. The two lines A and B shown in fizure are the graphs of the de 4 .
Broglie wavelensoth 7. as a function of 14V (V is the accelerating
potential) for two particles having the same charge A
Which of the two represents the particle of heavier mass 7
(@)A (b) B us
(c)BothAand B (d) Insufficient Data

8. When the hoht of freguency 2vo (where w 15 threshold frequency), 15 1ncident on a metal
plate, the maximum velocity of electrons emitied 15 vi When the frequency of the meident
radiation 15 moreased to Svo the maxsmum velocity of electrons emitted from the same plate
15 v The ratio of i to v is
(a)4:1 )14 (c)1:2 (dr2:1

9. Photons with energy 5 €V are incidant on a cathoda C 1 a photoelectric cell. The maximum
energy of emuttad photoeléctrons 15 2 e V. When photons of energy 6 eV are micident on C,
no photoelectrons will reach the anode A 1f the stopping potential of A relatnve to C 15
(B)+3V (by 24V ©-1V @ -3V

10. An electron of mass m and a photon have same energy E the ratwo of de-Brozlie wavelengihs
associated with them 150

{a'}-j: E_F (b) '_i‘]j (c) EEE??LE}E (@) i [3311 ‘

EAeE

rh
L]




lehmth:mﬂsﬁmmdemmhﬂmmequﬂmthusemfﬁlm ﬂs;peed:s

(a)~ —"-1‘: ()= ;ﬂ (c)- ;c (d) = 1-:

12. W}m:h of the followme cannot be observed by an increase in the mtensity of light alone?
() Increase i photocurrest (b) Increase m stopping potential
[c) Increasze mn rumber of enutted electrons (d) Increase m rate of enussion

13. In an expenment. mtensity of light 15 increased but photoelectne current remains constant
after sometime. This 15 due to:
(a) saturation current has been reached

(b) frequency of light is below threshold
(<) work function 15 larger than mcident photon enerzy
(d) electrons are absorbed back

14, The photoelectmne current becomes zero when
(2) The mtensity of Light 15 zero (b) Frequency is below the threshold
(c) Work function 15 very lugh (d} Any of the above

15. In a photoelectne expenment with light of intensity [ the current 15 [, When lhight 15 filtered
to-allow gnly 50% photons through, the current becomes:
(a) 2 4; ()= © V21, (d) Remains same
18. Consider 2 photoelecine twbe where masnitude of negatrve anode potential s pradually
increased: The photoelectnic current decreases to zero becanse:
(a) Kinetic enerzy of electrons 15 reduced (b} All photons are absorbed
(c) Potential suppresses even fastest electrons  (d) Frequency becomes less than threshold
17. In an expenment, when frequency is increased, the stopping potential increases linearly, This

venfies:

(a) Planck's quantization (b) de Broglie relation

() Einstein’s photoelectric equation (d) Wave-particls duality
18. Which cbservation supports the quantom aatare of light?

(a) Instantaneous emission (b) KE w frequency

(¢) Threshold fraquency axists (d) All of the above

10. In photoelectric emission, a radiation whose frequency is 2 times threshold frequency of a
certain metal 15 incident on the metal Then the maximum posstble velocrty of the emitred
c!fctrﬂnwﬂlbﬂ:

@ 2 @ [ CES @ [
20. For two particles with equal momenta, which of the fﬂﬂﬂﬁiﬂgﬁmrﬂgmdmglhﬂi:de
Brozlie wavelensths?

(a) The heavies pmm:l:e has smaller wavelength (b) Both have same wavelength.
(c) The faster particle has smaller wavelength (d) Depends on nature of the
particles

Answers

lLLa, 2a 3¢, 4a 5b 6.2 7.3 S 2.4 10.a
IL.a, 1Z.b 13a, Idd IS b 1l6.c, IT.c., 18.d. 19. b, 20.b




Assertion- Reason Type Questions

(A) Both (A) & (R) ace trus and the (B) iz the comrect explanation of the (A)
(B) Both (A) & (R) are troe but the (B} 12-not the correct explanation of the (A)
(C) (A) iz trus but (R) ix false

(D) Both (A) and (B) are falss

1

|

10.

Assertion: At a fixed frequency above the threshold, doubling the intensity of lizht doubles
the sioppinz poteniial.

Reason: Stopping potennal 15 proportional 1o the eperzy of the photoelectrons. which
mereases with mtensity.

Assertion’ Even when monochromane light falls on a mefal swface, the enutied
photoelectrons have varving kinetic enermes.

Reason® Electrons onzmating from within the metal lose part of their energy dus to collisions

Assertion: A tume delay 13 observed before photoelectrons are: emutted from a metallic

surtare under lioht exposure.

Reason: According to Einstein’s theory, electrons take tume to absorb sofficient ensrgy from

the mooming wavefront.

Assertion: A heavier particle moving slowly can have a longer de Broglie wavelength than

Reason: The de Broglie wavelength is independent of the particle’s mass and velocity.

Assertion: An mfinite time delay 15 observed when light of frequancy less than the threshold

15 incident on a metal surface

Reason: According to Emstemn’s theary, electrons need to accunmlate energy over time from

multiple photons to be emitted.

Assertion (A): A beam of electrons with eneroy of 130 €V 15 mcident on a ervstal and a

diffraction pattem is observed. If the energy 15 tnereased te 6§00 £V, the fringe spacing in the

diffraction pattern will decrease.

Reason (R): The de Broghe wavelenzth of a particle 1 inversely proporticnal to the sguare

oot of 1ts kinetc enerzy.

A photon and an electron both have ensrgy 50 €V

Assertion (A): Both have different wavelenoths.

Assertion (A): The relative veloaty of two photons travelling i opposite directions s ¢

Reason (R): The rest mass of a photon 15 infinite.

Assertion (A): An electron microscope 15 based on de Broglie's hypothesis of matter waves,

Reason (R): Hicher the acceleranng pofential. smaller 15 the de Broglie wavelength of the

electron

Assertion (A): Photoelectiic effect demonstrates the svave nature of light.

Reason (R): The number of photoslectrons 15 proportional to the frequency of light
Answers

LD 2A 3D 4.6 5C ©6A 7.C 80 9A 10D




Short Answer Questions (2 marks each)

1. How will the de-Broglie wavelength associate with an electron be affected when the (1)
velocity of the electron decreases? (1) accelerating potential 1s increased? Justify your answer.
(T) Define the terms. (a) threshold frequency and (b) stopping potential in photoelectric effect.
(1) Plot a graph of photocurrent versus anode potential for a radiation of frequency v and
intensities T; and 1 ﬂi > Iz
3. Plot a graph showing varation of deBroglie wavelenoth (3) associated with a charged
particle of mass m. versus 14V, where V 15 the potential difference through which the particle
15 accelerated. How does this sraph give information regarding the maonitude of chargs of
4. An g-particle and a proton are accelerated from rest by the same potential Find the ratio of
their de- Broglie wavelengths. Vi a
5. An electron and alpha particle have the same deBroche r;" Iy
wavelength associated with them. How are their kinetic enermes [/
related to each other? " I 5 A
6. Figure shows the stopping potential (Vi) for the photoetectron
versus 12 graph, for two metals A and B, 4. beino the wavelensth
of incident light. (1) How is the value of Planck’s constant
determined from the praph” (1) If the distance between the licht
source and the surface of metal A 15 mereased, how will the stopping
potential from electrons emitted from 1t be effected?
7. If hoht of wavelength 4125 nm is meident on each of the metals given below. which one
will show photoelectric emission and why? Metal F‘Wﬂ Function (V)
8. An electron 15 accelerated through a potential difference |, 192 |
of 100 volts. What 15 the de-Broglie wavelength | | 215 |
assoctated with 117 To which pant of the electromamnetic [ |3 1
|

=

spectrum does this valus of wavelensth correspond?

9. If an electron has a wavelength, does 1t also have a
colour?

10, A parallel beam of monochromanic light of wavelength 663 nm 15 mcident on a totally
zeflecting plane mirror. The angle of incidence is 60° and the number of photons strilung the
murror per second 15 1.0 = 10*°. Calculate the forcs exerted by the light beam on the muror

Answers

Ans — 1 i) Accardinz to the de-Brophe wavelencth formuila the wavelenoth ¢ ¢ inversely

propertiosal 1o the momentum of the electron - As momentum 15 the prodoct of mass and velocity,

when the velocity of the efectron decreases. s momentum also derreases. Therefore, the de-

Broghe wavelength of the electron will1ncrease,

(1) When the accelerating potential 15 increased the velocty of the electron also Increases As a

result, the momentum of the slectron increases. and according to the de-Broahe wavelength

tormula, the wavelength decreases: Therefore. the de-Broghe wavelength of the elecwon will
decrease

Jusuficgtion: According to de-Brozglie wavelength 4 = E= if the welocity of the electron

decreasss. The momerium of the electron also decreass Reultng m an imcreasz m the de-

Mo 417




Broghe wavelensth Similarly, 1f the accelerating potential 15 inrreasad the velooty of the
electron increases. leadmz 1o an increase mthe momentom of the electron and a decrease mthe
daLBmgiet-nmimglh_

— (2} 1(2) Threshold frequency: The mummum value of frequency of incident rachation that
can cause photoenission from a grven pheto sensitive surface 12 called threshold fraquency
(b) Stoppung potential: The munirmnm negative retarding potential given to the anode 12 collector
plate with respect to cathode for which the photocuirent stops or becomes zero 1s called stoppung

S .

{1} Graph of photocurreat versus mndt potential !3 s
A & S

3 The de-Broglie wavelengthis 2, =— S —— =l % iy /4”

So the oraph between 4 & 3 e ——T——

Thus: 1t gives 3 strarght hine graph Knowing the mass of partscle (m)
and slope of graph we can czlculate charee (q) on a particle.

4. The ratio of the de Broghe wavelength of an o particle (4, ) to that
of a proton (4, ) accelerated from rest by the same potential 15

A, J':f\.'_m iV Wz = Ay 1,
“i.r -'I-Irql, 2m "*P]'r - \/JH Ty Ay -hu” 1\'“

}Eg;-:— where, E_g—E!ﬂ.EE!.ﬂEﬂEEET’p momentum and m = mass
d&Emglmm'ﬂleﬂgdl,l— where:h = lerksmshmlhe:ffnrgl—

JImEg
Both the particles have the same de-Broglie wavelength (Given} S = -*"n:&
‘. .‘ - 2 £
s E
o=1E Asm > m, o By >

6.(1) We cant determune Planck’s constant by calculatng the slope of the graph

Smee we know that Slope of the oraph =-?~, where, h =Planck’s constant, ¢ =

velocry of light i vacuum and e = charpe of electron

{u) If distance between source of light and surface of metal A 15 increased, the mtensity of
light So, the stopping potential will not be affectad.

7.6rven L=4125nm=4125= 10~m

E=he? ={6.62%107 x 3=107)/ (412.5%107 = L6=10) V=301 eV

Thas energy of the mcoident radration 15 greater than the work function of Na and K but less
than those of Cz and Mo. so photoelectnic emission will occur only in Na and K metals and
not in Mo and Ca

g A=—" 1?% 2 ‘EE = 1.227 A" This wavelength corresponds to X-says.

9. Colour s a charactenstic of electromagnetic waves: Electrons behave as a de- Broglie wave
because of their velocity, A de-Broghe wave 15 not an electromagnetic wave and is one
dimensional. Hence, no colour 1s shown by an electron.




10, A=663 =107 m, 8=60° n=1x10%, 1— == p—'—= 1077

Force exerted on the wall = n(meos 8 — (—mmvros IEI]}
=2n miveos 8 = 2o peos B
=2x 1 %108 =105 x 82 =1 107N
Short Answer type Questions (3 Marks each)

1. The followinz graph shows the vanaton of photocurrent for a
photosenstive metal- ,.WJL
a) Idenmfy the vanable X on the honizontal axis. pr—
b) What does the pomnt A on the honizontal axis represent? i
€) Draw this graph for three different values of frequencies of * 7 4
mcident radiation v, _ v, and v (v, = v; > v.) for same intensity,

d) Draw thus graph for three different values of intensines of incident rachation J; 1. and I

(1, =i. = .} having same frequency.

2 Inaplot of photoelectric current versus anode potential, how does?

a) The samration current vary with anode potential for incident radiations of different
frequencies but same mitensity”

b) The stopping potenital vary for incident racdhations of differemt mienstiies but same
frequency?

c) Photoelectne current vary for different miensities but same frequency '
of micident radiations? Justify vour answer in each case. /F ,,r”

3 The following praph shows the varianon of stopping patential ¥, with /f ‘_.f
the frequency v of the moident radiation for two photosensitive metals X & ¥ .

2] Which of the metals has larzer threshold wavelenoth? Give reason. B e

b) Explan, givine reason, which metal zives out electrons. having larger kinetic energy, for
the same wavelensth of the meident adiation

¢} Ithe distance between the light source and metal X 15 halved, how wall the kinetic energy
of electrons emitted from 1t change? Grve reason

4 Two neutral parficles are kept Im apart Suppose by some mechanism some charge is
transferred from one parncle to the other and the electnic potential energy lost is completely
converted into 2 photon. Calculate the longest and the next smaller wavelength of the photon
possible.

5. Why do different metals emut electrons only when exposed to lisht of cerfam rmmmum
frequencies? The threshold fequency of a metal 15 f,. When the light of frequency 2f; =
mcident on the metal plate, the maximum velocity of electrons emitied 15 v, . When the
frequency of the mmcidemt radiatien 1= mereased 1o 5f; the maximum veloonty of electrons
emitted is v, Find the ratio of v, fo v,

6 Anelectron and 2 photon each have a wavelensth 1 00 nm. Find:

a) Their momenta, b) The eneroy of the photon and,  ¢) The kmetic energy of electron

7. Explam by grmng reasons for the following:

a) P]:enmelfch:u: current m a photocell mﬂfases with the merease in the mtensity of the
meident radiation.

b) The stoppmg potential (V) vanes limearly with the frequency (v) of the modent
radiation for a given photosensdive surface with the slope remaimng the same for




different surfaces.
g) Maomum knetic eperoy of the photoelectrons 13 independent of the intensity of
wcident radiation
8. A photoelectric cell has two plates 2 em apart with no external battery conneécted. Light of
wavelensth 310 om 15 meident on a metal surface of work fimetion 2 3 &V An electnic fisld
of 2210 N/C esusts between the plates, directed such that it opposes the motion of entted
electrons: (a) Calculate the maxemum kinetic energy of emitted photoelectrons. (b) Calculate
the work done by the elecmic field against the electrons. () Will any photoslectrons reach
cnﬂ:ctnrplﬂtﬂ Justify
9 Anelectron 1s aceeleratad through a potential of 100 V and directed toward a thin metal foul
with atonue spacing 0.2 nm
(3) Calculate‘the de Broglie wavetength of the electron.
(b) Will diffraction be observed?
(c) What happens to the wavelength if the voltage mereases to 400V?
10. A particle of mass m and charge q is accelerated through a potennial difference V. Plot a
graph of de-Broghe wavelenoth A associated with 1t as 2 function of V. (n) Calculate the
ensigy acquired by and de-Broghe wavelensth assomiated wath, @n eleciron accelerated

through a potential difference of 400V,
ANSWERS
1. .
d. X is collector plate potential e A :
b. Ais stopping potential. i | 4
€. Geaph for different frequencies. 44 I |
Graph for three differemt Intensities - ': ': e ""-"';'::

2. 1 Saturation current does not chanBe. | o e

ii  Stopping potential does not — = i

change. Tl = \ = !

e Photoclectric current  increasss | = =

with merease i1 intensity. = — R M
8- X" a5 # hay smaller fweshold S/ ImeEEee | ST

frequency. P e e e

a} K ar — hv — 'ﬁ"ﬂ
Smez ¢y, >, = K, < K, therefore "X zives out elecirons with larger KE.

b) No change as KE of photoelectron does not depend on the intensity of incident

radiations
4 1=1m
= r . r:
Potential Eﬂﬂg‘f=%=%- Ener ;ﬂi'ﬂfphﬂtun:—?;czkfzalzkh:i

Formax A, ‘g’ should bemin 1reg=e=16x107C
Substituting we get, ... =863 m
anmmﬂluwatﬂla&gth,q—EEandl—gEg—EIET*l-m

5. Thete:s mimum snergy required to free an electron from s surface bindine called work




Emstein’s photoelectnie squation 10 bv =hyy, Ti mu*
Infirst case V=25 v, = fr. V=1, henee B2 L 0A, +Ime = 2mv = by

HII

Similarly in second case wzget:;:m 1,* = 4hf,, Dwviding mﬁmgﬂlﬁz % =
6. Ae=Aphoton=100mm=10"m

a) Furelﬂct:zmmphnm::,mamﬂnp— %—E;BSKIE‘-E.’:‘;MS
b) E&Erg}———iﬂ-ﬂﬂfiﬂhl .T{"’* 124 &V)
c} Kmﬂ:tcme&g?nfdﬂcnun— —242}{1&‘*"]*1512‘?

7. a) The collision of a photon cﬂn_cm:sﬂ emission of 2 photosleciron (above the threshold
frequency} As mtensity mncreases. number of photons mereases. Hence the current
b) We have, eV, = h(v—1,), ¥ =}-’v+{—£]1-
= Graph of V, m&vwamuhlmeandsiﬂpe l:hf:'hmaa:ﬂnsiam_
¢} According to Emnstein's photoelectric equation (KE,,... = hv — ¢, ). KF is mdependent
of miensity,
8. aKE ., = hv=¢py = ejt —ifhy = W— 23=17¢V
B W=eEd =16x107"° x2x 10° x 0.02 =4 &V
) KEpne < W, No, photoelectrons will not reach the collector plate. The electric field doss
mare work than the electrons’ available kinetic energy, so they are stopped before reaching

Ban.lz%ﬁE:F 1.227 &°

b} Yes, diffraction will be observed if the wavelength is comparable to the atomic spacing
of the target matenal
Calculated wavelenzth: 0.123 om Atomic spacing. 0.2 nm
Since J.~d, diffraction will occur
d) When voltage 15 increasad to four times, the wavelength 15 reduced
to half and hence fninge width decreases.
10. (1) Graph showing de-Broglie wavelength & associated wath as 2 function
of V
{11) Given, Potential difference V=200V
.Eﬂ.ﬂi‘gy =g - V=1.6%10"" » 400 =640=100" J = 6. 40 107" Joule.
de-Broglie wavelensth i = 12 274V = 12274400 = 122720 =0.6135 A=6.135x10" m

&gy ig—¥




CASE STUDY BASED QUESTIONS (4 MARKS)
Case Study: Smart Door Lock with Fingerprint Scanner

1. In modem homes and offices. smart biometnc door locks that use
fingerprint scanmng have become popular These devices work basad on
the photoclecmc effect. a concept that demonstrates the dual namre of
radiation When you place your finoer on the scanner, a beam of hght =
wsually from 2 laser or LED source, illummates your fingerprint. The light
consists of photons (particles of light)) that stnke the surface of the finger.
The ridoes and vallevs of the finoerprint reflect this lisht differently. Some
parts absorb the photons, while others reflect them back to a sensor.

i Why can't the wave theory of light alone explain the working of fincerprint
scanners based on the photoelectne effect?
(A) The wave theory fails to explain reflection of hioht
{B) The wave theory does not account for the threshold frequency required to emit electrons.
(C) The wave theory sugzests hieht can't interact with electrons.
(D) The wave theory explams the contmupous enussion of light. not 1ts speed.
iil. What would happen if the mtensity of light increased but its frequency remains below the
thregshold frequency n a fingerprint scanmar”
{A) More electrons would be emitted with lugher eneray.
(B) The fingerpnnt image would become clearer.
(C) Electrons would emit with the same energy a3 before.
(D) The emission of electrons would not ccour
iii. How does the concept of de Broghe wavelensth support the mumatunzation and efhiciency
of the fingerpnint scanner’s electronic components?
(A) By allowmng light to be diffracted and focnsed more accurately:.
(B) By explaiming how heat 13 dissipated 10 semicanductors.
(C) By enabling high-resolution maging using wave properties of electrons.
(D) By reducing the speed of electron movement 1o circuuts.

iv. Which technological imitatron would most directly challenge the use of wave nature of
electrons 1n fingerprint sensor development?

(A) Regurement for extremely small de Broghe wavelensths for lugh resolution
(B) Slow scanming spead

(C) Dufficulty in focusing particle beams

(D) Imterference from ambient Lisht

OR

Suppose a new fingerprint scanner 15 desizned using blue light instead of zed lisht What would
be the most likely outcome regarding the photoelecine sifect?

{A) The emutted electrons would have lower kinelic energy.

(B) The emussion of electrons wounld decrease due to lower mtensity:

(C) The emitted electrons would have higher kinetic enetgy due to lusher photon frequency.
(D) The resolution of the scanner would decrease

Case Study: Automatic Sliding Doors
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2. Automatic sliding doors are now a common feature at the entrances of supermarkets and
malls. These doors open when a person approaches. One commeon mechanism
used 1 such systems 18 an infrared motion sensor, which detects changes m
infrared radiation emitted or reflected by 2 human body. These sensors rely on
the pariicle nature of light (photons) to detect motion. The human body emits |
infrared radiation. and when this radiation 15 incident on a photodiods or 5
sensor, 1t zets absorbed, cansmy electron excitation and the generaton of a

+  Why i3 infrared radiation suitable for motion defection tn automatic doors, considenne the
concept of dual nature of light?

(A) Becaunse 1t cansists of photons that can be detected by a photoelectne sensor
(B) Because 1t 1s not absorbed by human skin

(C) Because 1t reflects better than visihle lisht

(D) Becauss it has the highest frequency among radiations

1 How does the photoelectne effect contnibute to the function of motion sensors 1n aofomatic

doors?

(A) Tt enables light wwaves to diffract around the human body

(B) It measures temperature differences

{C) It causes mfrared photons to triszer electron emission in the sensor
(D) 1t allows the luman body 1o reflect visible light betier

uy If the frequency of mirared radiation emutted by the buman body were lower than the

threshold frequency of the sensor’s material, what would happen?
(A) The sensor would detect motion faster
(B) The door would open before the person amved
(C) Mo electrons would be emurted, so the door wouldn't open
(D) More current would be generated

. Which property of electrons 1s explostad when vsing electron beam mucroscopes to design
sensor components for automanic doors?

{A) Their enerey levels (B) Thetr mass (C) Ther wave-like nature (D) Their charge only

OR
A new sensor is developed with a matenal having a hugher work function. What chanee must be
made to ensure continued efficient operation usme the same mfrared radiation?
A Reduce the amhient temperature B. Increase the mtensity of radiation
C. Decrease the distance from the zensor D Increase the frequency of incident photons
ANSWERS

1. 1)B uyD #1) C w)AorC
2. 1A u) C ) C wiCorD
LONG ANSWER TYPE QUESTIONS (5 Marks)

1. 2} Light of 4 parhcular wavelength does not eject electrons from the sirface of a given metal.
Should the wavelensth of the lizht be mrreased or decreased m order make gjection of
electrons possihle” Justify,




b) In an experiment on photoelectnc effect, the emmiter |
and the collector plates are placed ar 2 separation X %.-X

of 10 cm and are connected throush an ammster ".x xﬂ Gj E“m
without any cell A maonetic field B extsts paraliel 1o
the plates. The work function of the enutter 15 2 39 eV and the hight incident on 1t has
wavelengths between 300 nm and §00 nm. Find the minimum value of B for which the
current ragistered by the ammeter 15 zero. Neglect any effect of space charge.

a) A particie of mass M at rést decays mto two particies of masses m, and m. having non-

zero velocthes What 16 the ratio of de Broglie wavelenoths of the two particles?

b) Determine the value of the de Broglie wavelength associated with the electron orbiting in

the ground state of hydrezen atom How wall the de Broglie wavelenoth chanee when it 15

1 the first excited state?

a) A beamn of monochromatic rachation 13 mncidert on a photosensitive surface. Answer the

followmz questions Fiving feasons:

(1) Do the emitted photoelecirons have the same kinetic enerzy?

(11) Does the kinetic energy of the enutted electrons depend on the mtensity of meoident
radiation”

(111) On what factors does the number of emitted photeelectrons depend?

b) A satellite in space 15 fitted with a photoelectric sensor to detect solar flares. The sensor uses a
metal surface with a work fitnction of 2 2 eV & 15 expesed te solar radiation of wavelensth 330
nn. The emutted electrons are-collected in a sphencal metal shell of radivs 10 cm that surrounds
the sensor plate. Due to limited power on the satellite, oo external electric field is used to collect
the electrons. Instead, the sensor selies on the natural motion of photoelectrons. As electrans
accumulate on the shell, they develop 2 pegative potential that begins to repel further
phoetoslectrons. Calculate the maximum charge thal ¢an accumulate on the spherical shell before

[

Lid
+

ANSWERS
1. a) The wavelensth should be decreased because photon energy 15 inversely proporiionil to
making 11 possible 1o overcome the metal’s work funcuion and eject electrons.
ol go=23%v A1=400n0m, 42=600nm
for B to be'munimum_ eneroy should be maximum - 4 should be minimunm (1. 41)

hc _
K =—— ¢, =3105-239 = 0.715 ¢V = 1144 x 10**]

The presence of maznetic field will bend the beam and there wall be no current if the electron
does not reach the other plate.

mit  vimi V2mK V2 x 9.1 x 1073t x 1144 x 109 : ;
r=—= =B = = — =285 x 10T
gB gB qr 1.6 x107¥ x0.1

2 a)According 1o the law of conservation of momentnm_ the momentum of 2 system remans
coneerved.

My =myv, +mv; =0 = myy Hagy, =y = —mee,

. e ke ke 3y
Sﬂ,ﬁttﬂﬂl\m,pi_pzzz_zzz_l




b) In oround state_the kinetic eneroy of the electronis. K = 13.6 eV =218 x 1072

i 6.63% 1073 et
'11] =— = — - = =332x 107 m
VImK 2% 01x 1071 x218x 1012
In the first excited state, K = — :ifsnngﬂ,a-,_zzx.tu =6.64 %107 m

3. 2) (1) No, the enittted photoelectrons do not have the same lanetic energy because some
electrons lose part of their energy overcoming the surface barrier inside the matenial
(11) No, the kinetic enerzy of the emitted electrons depends only on the frequency of the incident
radiation. not on (15 inlensty.
(111) The mumber of emuited photoelectrons depends on the mtenaity of the mrident radiation
and the area exposed.

he  @EawigtFaswect

P =603 %107

¢ =228V =22 x1L6x107**=352x 1072
KE, 0. — E— =603 10~ — 352 x 10-** = 251 x 10-3%]

KEpas 258010719
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AICQ s WITH SOLUTION -ATOMS
1. When alpha particles are sent throush 3 thin sold forl, most of them go straisht through the
foul, because
(a) o 15 ~ve charged (b)) M > M.
(e} Most part of an atom 15 empty space {d) & moves with lugh velocnty
2, In an sxpenment of séattening of alpha particie showed for the first time that the stom has,
{a) Electron (b) Proton (c) Neutron (d) Nucleos
3. In Geiger Marsden experimient, expression of distance of closest approach to the miclens of
_m:‘.cparticie with XE 'K'Eﬂfﬂﬁﬂcﬂnﬁmmﬂmaﬂtmﬂvztmst& reverse its direction 15,

@) = (b) == ©= @ =
4. ‘]]:Eangula:rmmn:mum nffhfrjfd:rmm th?mhaﬂuwndm'hrtls
@ = (b) = ©= @
5. In equation, what does this £_ = —E eV, negatrve sign mdicates.
{a) Eléctrons are free to move () Electron 15 bound with moclens.
_ (¢} Kinetic enesgy 15 equal to potential enerpy (d) Atom 15 radiating energy
6. Knetic EEEIE'. of electron 1n hyvdrogen atom 15
@)= )= (@

£ZET BEELT BEfgr FmET
7. Enermy required to excte an ¢lectron m hgd;ngf:n atom to its ground siate to s first excried
staie 15

(a) 6.2 6V (b) 3.40 eV (c)10.2 6V (d)-13.6eV
8. What is the anonlar momentum of an electron revolving in the 3™ orbit of an atom?

(a) 31 5x 10 Jsec (b)3.15 x 10 Fsec

(c) 315 x 107" Jsec (d) 0315 x 107" Jsec

9. Ifthe slectron in hydrogen atoms 1s'excited to n =5 state, the number of different frequencies
of radiation which may be emitted 15:

(a) 4 (b) 10 (c}8 (d) 5
10.  Enerpy level diapram of an alement is sven:- Which o 2 AS Y
transition correésponds to the emission of 2 spectral ling of wave 1l I 150V
fength 1027 nm Y5 s
(@A (b)B ©c (d)D ——— o

11. In GeigerMarsden scattering sexpenment. the trajectory traced by an a-particle depends
on
(a) mumber of collisions (b} number of scattered g-particles
ic) unparct parameter (d} none of these
12. The first model of the atom was proposad m 1898 by
{a) Emst Rutherford (b) Albert Emnstein () J.J Thomson  (d) Niels Bohr
13. In Bohr's model of the hydrogen atom. the radius of the o™ orbi 1z 15 related to the
principal quantum numbet o as
(a) mocn {(b) moclin (c) mon (d) mexlin®
14. Which of the following spectral senies of hydrogen atom lies in the visible region of the
electromagnetic spectrum?
{a} Lyman senes (b) Balmer senies  (c) Paschensenies  (d) Brackett senies

15. Ground state energy of H-atom 15 —13.6 eV. Energy requured to remove an electron

fromn=721s
(a) 102 &V (b) 346V () 6.8&V (d) 0aV




ANSWERS
ig, 2.d, 3.b, 4.d, 5b &b 7.c, Bb5 9.5 10.4
1. 120 13.¢ 14ib, 15.b
ASSERTION AND REASON TYPE QUESTIONS
Directions: These questions consist of two statements, each printed as Asserhon and Reason.
While answering these questions. vou are required to choose any one of the followang four

fESpOnEes.

{a) i both Asseriion and Reason are correct and the Reason 15 3 comect explanation of the

Assertion.

(b} If both Assernon and Reason are correct but Reason 15 net a correct explanation of the

Aszertion.

() If the Assertion 15 correct but Reason 15 mcorrect.

(d) If both the Aszserfhicn and Reazon are mcorrect

1. Ascertion (A): According to Bohr's theory in the hvdrogen atom_ the electron revolves in
circular arbats,
Reason (R): The ceninpetal force 1s provided by the elsctrostanic attrachion between the
proton and the newtron.

2. Assertion (A): The frequency of radiation emiited or absorbed by an atom 15 related to the
difference n energy betneen two eneroy levels.
Reason (R): The energy of the photon emitted or absorbed 15 equal to the difference
enerzy between the two levels.

3. Assertion (A): The ground state of an atom 15 s highest eneroy state
Reason (R): In the ground state, the electron occupies the farthest possible arbit to the
nocleus: '

4. Assertion (A): The Bohr model of the atom explams the lme spectra of hydrogen atom
Reason (R): The enerpy levels of the electron in the hvdrogen atom are quantized, leading
to discrete spectral ines.

5. Assertion (A): The angular momentum of an eleciron in 2 Bohr orbit 15 guanhzed
Reason (R): The anoular momentum of the electron 15 an integral multiple of h'da

6. Assertion (A): The emission spectrum of an element 13 charactenstie of the elememt
Reason (R): The enerzy levels of electrons 10 an atom are unique to each element.

7. Assertion (A): The iomzation epergy of an atom 15 the emergv required to remove an
glectron from the atom i s ground state.
Reason (R): lomization enetgy 15 a measure of the binding energy of the protons m the
oround stata.

8. Assertion (A): The wavelength of hight emutted m an electromié transstion 15 inversely
proportional  fo  the eneroy difference between the initial and final states
Reason (R): The energy of 2 photon 15 inversely proportional 1o 1ts wavelength

9. Assertion (A): The energy levels m an atom are quanhized duoe to the wave nature of
glectrons.

Reason (R): Electrons exhibit both particle and wave properties

10. Assertion (A): Distance of closest approach of w-particle to the muclens 15 always oreater
than the size of the nucleus.

Reason (R): Strong nuclear repulsion does not allow o-particle to reach the surface of
nucisus.
ANSWERS

lLe 22 3d 43 S5c 63 7c B8a 9b 1l0.d
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SHORT ANSWER QUESTIONS: (02 MARKS)

1. What 15 the shortest wavelensth present in Paschen senies and Balmer senes of H-spactrum?

2. In the Rutherford’s scattenme expenment the distance of closest approach for an o —particle
15 do If o —particle 15 replaced by a proton, how much kinetic energy in comparison to a
particle wall it require to have the same distance of closest approach do?

3. Find the ratio of Bohr's radivs in sround state and 1% excited state of H-atom

4. The value of ground state eneroy of hvdrogen atom 15 -13.6 eV (1) what does the negative
sion sionify? (i), How much enaroy is required 1o take an electron i this atom from the
oround state fo the first excited state?

5. Use Rydberg formula to determine the wavelength of H, & H lme R=1.03 X 107 nr)

6. Calculate the shortest wavelength of the spectral lines emarnted in Balmer senies.:

7. When an electron in hydrogen atom jumps from the third excited state to the ground state,
how would the de Broglie wavelength associated wath the electron change? Justfy your
AlFWET.

8. Show that the radius of the orbit in hydrogen atom vanes as n”, where n is the principal
guantum number of the atom

9, Using Bohr's postulates, obtain the expression for the total enersy of the electron m the
stationary states of the hydropen atom Hence draw the ensrzy level diasram showing how
ﬁfﬁnﬂwmcm;pﬂudﬁgtuBﬂm;ﬁiﬁmdu&'tu..r. . el
transition between eneroy levels. = : 3

10.The fisure shows enerov level diacram of hyvdrozen atom . l : .

{a)Find out the transition which results in the emission of 3 J

photon of wavelength 496 nm.
(b)Whach transition corresponds to the ermission of radiatien
of max wavelength 7 Justify,
SOLUTIONS FOR SHORT ANSWER QUESTIONS: (02 MARKS)
1. Using the Rydberg formuls g =R (—‘- — -f:),

T.I'I.- 'l'l!"'

T |

for Ea!m—er Serih n=2 & nj=oo,

E_R _'—x— —-}i———}M‘lﬁnm
Smlmfnr?a:.:hfns-amn;—B&w
=Rz =} =>=>820nm
4
__1- (F=){22) e [Ea(a) _ 1
% H’ﬂ_mn. g 'ﬁ'-:_mg' L :D-KF_*

3. Ratio of Behr's Radius in Ground State and First Excited Siate
Radis of nth orbit- 1;, = agn” Fmgmmdm-e n=1r =g,
da
For first excited statern = 2_ 1. = 44, 'Ihﬂ?ﬁaiﬁ u—:_4m
4. Ground State Energy of Hydrogen Atom = —115 eV
(i) Meaning of Negative Sign - The negative sign shows that the slectron 1s bound to
the nucleus bv electrostatic foree.
(il) Energy Required for First Excited State
Ground state” E, = —13.6eV  => Fisst excited state: E‘i =28 _34eV

Required enerzy AE = E; — E, = (—34) — (—13.6) = 102V
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5. Wavelength of H, and H; Using Rydberg formula: = R (5 — )
(i) i, line Transtion: 1. = 3, n. =2
2=103x107 (22} =1.03x107 x2S = 1%656x107m =[3, = 6s6mm

(i) Hs line -Tramsition: nz =4, n. =2 S=103x10° [-——) =103 %107 x—
A% 486x 10~ => [, =486nm
6. Shortest Wavelength in Balmer Series
For shortest wavelength: Ttg= 00, n1=2=}i-——HE)
Aziz-l%:-%xlﬂ:m:}

7. Change in de Broglie Wavelength

de Broglie relation 2nr =nd —}A—E == Smce: 1, xn- ==therefore lxn
When electton jumps fromn =4 ton = 1IhEdEBIDn]1EWTFEIEﬂEﬂEIﬂECIE&EES
8. Show that Radius Varies as n*

- |
Electrostatic force provides centripetal force: T —;: 3:;
=
=k Th.. -
7 - E— i == = =
Bohr quantization condition- myr = — S-qua:um“ M = P

=°

Using: mo’ =—— & Substtuting.  we get o n°
Er
9. Expression for Total Energy of Electron
Electrostatic force: 1;7: == ii—: & we know Kinetic energy. K = %ml*z

-|.

Usmng force eguation K =

Pmmm[metgg. ==

BrrEsr 4.-;.:__1-
Totalenersy E=K+U= E= S £E=— &henee, B, =
BEz=r  ARERT EE.E':J'
ig.. -
—— eV
ﬂa]merﬁenesfnergj'lﬂﬂiﬂiagnm
n==
n=> !
n=4+4 1
n=3 .
n=2 «— Balmer Senes
=] —M—
10. Energy Level Diagram

(a) Transition for 496 nm : 496 nm belongs to Balmer senesi n, = 4,1, =

2 fe. (42
(b) Transition Corresponding to Maximum Wavelength Using: £ = ?
Maximum wavelength comesponds to nummum energy difference. Hence transition:
4 - 3!_gr'ces maximum wavelenoth.

Short Answer Type Questions: (03 MARKS)

1. Witte two imporant limstations of Ruthedford medel which could not explam the ohserved
features’ of atomic spectta How were these explained m Bohr’s model of hvdrogen atom?

Use'the Rvdberg formula to calculate the wavelensth of the Huline, (TakeR=1.1 = lﬂ?m_l}




2. Calculate the shortest wavelength m the Balmer series of hydrogen atom. In winch region
(mfra-red, visible. ultraviclet) of hvdrogen spectrum does thus wavelength Lie?
3. Show that the radius of the orbit in hydrogen atom varies as n°. where n is the principal
guantum number of the atom.
4. An g-particle moving with mtial kwnetic energy X towards a2 nuclens of atomie mumber z
approaches a distance “d’ at which it reverses its direchon: Obtamn the expression for the distance
of clossst approach *d’ in tenms of the kimetic energy of (-parhicle K
5. Using Rutherford model of the atom. derive the expression for the total energy of the electron
in hydrogen atom What 1s the sigmficance of total neganve energy possessed by the electron?
6. (1) A hydrogen alom mrally mn the ground state absorbs a photon which excites it to then=4
level Determuine the wavelensth of the photon.

(i) Thie saddifis. o imisttiont Chectron aibit of 2 Hyidroien aamis 53 « 107 . Déssinbe i3
radins in n=4 arhit
7. (1) In hvdrogen atom, an electron undergoes transtion from 2™ excited state to the first excited
state and then to the ground state. Identify the spectral series to which these transitions belong.
(1t} Find out the ratio of the wavelensgths of the emitted radiations i the two cases.
8. The ground state energy of hvdrogen atom 15— 13.6 V. Whiat are the kinetic and potential
energies of electron in this state?
9. Find the ratio of enermes of photons produced due to transition of an electron of hydrogen
atom from its second permitted eneray level to the first permitied level and the hiohast permitted
enerzy level to the first permutted level
10. Calculate the wave number, wavelength and frequency of the spectral line of hvdrogen for
the transiion fromp: =4 tom =2 (eren R=1.097 x 107 m™Y)

ANSWERS

Q.1 Rutherford Model and H_, Line
Limstations of Rutherford Model
(1) Stabality of Atom - Aecording to Maxwell's electromagnetic theory, an electron
revolving around the nucleus should continuously radiate energy. Hence sts orbat should
shrink and finally the electron should fall into the nucleus. Therefore Rutherford model
could not explain stabulity of atom.
(1} Atomue Spectra - Rutherford model could not explain diserete line spactra of
hydrogen atom According to classical theory, atom should eput continuous spectrum.
Explanation by Bohr's Model
(1) Stable Orbits- Elsctrons revolve only in certain permitted stationary orbits without
raciatino energy,
(1) Quantized Energy [ evels:- Radiation is emitted or absorbed only when electron
jumps between two stationary orbits. Hence discrete spectral linzs are obtainad

Calculation of H, Line : Using Rydberg formula, - = n(——Lj

"

ForH line,my =2, my=3 = 3=11x107(3-3) =11x10" x = = 1528 x 108
A =1_£=;,.,|,1 ¥ 654 x 10 mier[1 554nm|
L.532xAi0=

Q.2 Shortest Wavelengih in Balmer Series - For shoriest wavelenoth n, =2, n.=co




Uﬁng}fdhﬁgfﬂmmla,i=H(i}=b A== 2
A r- ) =2

LoeTxiar

|1 % 3646 x 10~ m| or[A ¥ 3646 nm| This wavelensth lies in ultrmviolet region
Q.3 Radius of Orbit varies s n® => Electrostatic force provides centripetal foree = = =5

- Aﬁz —
L g il B . . gt ;
Bohr quantization condition. mwr == |, Sguanng mivirt = 3:—-—:- Using, my* =
== I
!:
4uEgT
e e : n
Substitomting r = . Thus, |7 « n*| Hence proved
aAWiE

Q.4 Distance of Closest Approach
At closest approach. entire kuinetic energy converts into electrostatic potennal energy.

Inthal kinetic energv K Potential energy at distance d, [t L

4NEg d
. . 1 IFE== 1 2zsd
Equating energies, K =— == Therefore_|d = T
= = ameEs; o AEy &

Q.5 Total Energy of Electron mn Hydrogen Atom )
Electrostatic force provides centnipetal force, —“_i =1 2 Henrce, mp® = —

AlEg T SWEgT

-

Kinetic Energy. K =—-me? = K = s &. Potential Energy [ = ——

gggnf i'IIEEl'
izl 2 3
TotalEnerzy. E=K+U => E=——-—— = |E=—-=
i Bmesr  EWERT EmEsT

Sionificance of Negative Eneroy

Negatrve sign shows that eleciron s bound to the nucleus. Enerzy must be supplied to remove
Q.6 Wavelength of Photon absorbed Energy of electron innth orbut, £, = —T—f gV
Ground state n=1_ E, = —13.6 eV Forn=4, E, =—"=-085¢V
Eneroy absorbed. AF = E, — B, = (—0.85) —(=13.6) =12.75¢V

Using, A== =>i=22 =[1%97mm

(1) Radis of n = 4 Dr'b;;- hGi'v&:L_ = 53 %10 m

ey, T,=nn, =—r=16x53%x10""" = |, =848x10""m

Q.7 Spectral Senies: (1) Spectral Sertes - Second excited state, n = 3, Transtion, 3 — 2
belonzs o Balmer series.

Trapamion 2 — 1, belongs to Lyman series

(1} Rano of Wavelenoths. Usmg% =R (;‘:—;—3_) For3 =2, ;—1 =R i — 5} = E

Far2—1L-=R(1-3)=2 = Ths E== henee [2:7:=127:5]

Q.8 Kinetrc and Potenital Energies, Given, £ =—13.6 eV

Relation. K = —E=K =13.6=V Poterthal enerzy, U =2E = U =2(-13.6)
==} =—27.2eV| Thus, & [U=—272eV]

Q.5 Ratio of Energies of Photons '

Fortransibon 2 = 1, E. = —34eV & E, =-=13.6:2V
Photon energy AE; = 10.2 &V
AE:  1B3Z

Fortransshonoo— 1. £, =0 & AE, =13.6¢6V  Thesefore, — = =

AEs 13

Q:10 Wave Number, Wavelength and Frequency: Given,n. =4, n, =2

-




Usiniz Rvdberg formula 7 = RG—-fu = 1097 »% 107 % E; => |§ = 2.057 x 10° m~*|
Wavelensth— 1 =2 = zre.sfu'n*' => |4 =4.86x 10" m|or [486 om
Frequency. Usinz. v = ¢v = 3 % 10% % 2.057 x 105 => |y = 6,17 x 10** Hz|

CASE BASED QUESTIONS
{(a) The speciral series of hvdrogen aiom were accounted for by Bohr using the relation

i =R (;: — -'—3), where. R=Rydberg constant = 1.097 x 10" m~. Lvman senes 15 obtamed
e 3

when an electron jumps to first orbit from any subseguent orbit Similarly, Balmer senies 15
obtamed when an electron jumps to 2™ orbit from any subsequent orbit. Paschen senes is
obtamed when an electron yumps to 3™ arbit from any subsequent orbit. Whereas Lyman
series in UV region. Balmer series is in visible remion and Paschen series lies in infrared
region. Senes [t is obtamed when n2—oc.

{1} What 15 the ratio of minimum to maximum wavelength in Balmer series?

(a) 5:2 (b) 5:¢ (c)5:8 (d) g5
(1) Whuch series of hvdrogen spectrom can we see through naked eve?
(a) Laymen (b) Balmer Senes  (c)paschan  (d)none
{111) What 15 the wavelensth of first spectral Ime of Lyman serss?
(2) 12154 (b) 51214 (€}21154 (dy42115
(rv) What 1= the fraquency of first spectral line of Balmer series?
(2) 437 %x 10" Hz (b) 557 2 10" Hz (&Y 757Tx10%Hz (d)yos7x10™
Hz

(b) Lyvmian series 15 obtased when an alsttron jumps to first orbat from anv subsequent orbit
Similarly. Balmer senies 15 obtained when an =lectron jumps to 2™ orbat from any suhsequent
orbit Paschen series 15 obtamed when an slectron jumps to 3™ arbit from any subseguent
orbit. Whereas Lvman series in UV, region, Balmer series is i visible remion and Paschen.
senes lies m infrared region. Senes hmut 15 obtained when nx==.

(I} Thewavelenath of first spectral line of Lyman senes 1=

(a) 12154 A" (b) 12154 cm () 12154 m (d)1215 4 mm
ifi) The wavelensth limmt of Lyman senes 15
(a)951.64° (b)S11.9A% (12154 4° (d)9116A°

i} The frequency of first spectral line of Balmer zenes is .

(a) 1.097x 10 Hz (M457x104 Bz  (457x10%Hz (D457=x10"H:

{iv) Which of the following transitions in hydrogen atom emit photon of highest frequency?
(A=l to =2 (by =2 ton=% {c) =6 to n=2 (d) =2 to n=!

(c) Electrons are revolving around the mucleéus m particular stable orbits. The energy of the
electron s increasing as we zo from the orbit eloser to nucleus to outer side. The zround
state energy 1s the lowest enersy-and 1t 13 -13.6 €V for hydrogen atom Thus, the mumimum
amount of edergy required to remove or free the electron from the ground state is the
1onisation enesgy and 1t has value —13.6 £V, When electrons jumps from higher energy orbit
to lower energy orbit enuts energy in the form of photons which are m the form of spectral
lines and called as emussion lines. The light emitted by the ardinary sourcs of light consist




of different wavelength But the laser light 15 the monochromatc one which emits light of
single wavelensth In case of hydrogen atom, the ground state energy 1s that enerpy state for
which n = 1_And the states for which n = 1. all are the excited states. Where n shows the
prncipal guantum number.

(1) Inhydrogen atom. the eneroy corresponding to principal quantum number n =215
(a)-13.6eV (b)-34eV {c) =13.6&V (d) 34V

(1) For ground state of hydrogen atom the value of principal quantum number 15
{ajn=2 (bla=0 (cln=1 (d) o= mfidgnv

{11} The mmninmum enerzy required to remove the slectron from the sround state of the
hydrogen atomiscalledas

(a} excitation energy (b) 1omisation enerzy
(cizround state eneroy (d)excited state energy
(1v) The acronym LASER stands for?

{a) Light Amplification by Simplification Estimation and Radiation
(b) Light Amplification by Stimulated Ermission of Radiation
(c) Light Amplification by Simulated Enussion and Radio
(d] Lizht Amplifier by Stumulated Emission of Radation
ANSWERS

Ql: (B (W)B (mlA Gvia

2- (DA W)C wpcC ™w)D
Q3- (B (WC (WC (w)B

Long Answer Questions

1. (2) Wite two mmportant hmitations of Rutherford model. which could not explam the
observed features of atomic spectra. How were these explained in Bohr's model of
Hydrogen atom? Use the Ryvdberz formula to calculate the wavelength of Ha line of the
Balmer Senes.

(b) Using Bohr’s postulates, obtain the expression for the radius of n™ orbit in hydrogen
atom.

2. (1) State Bolr's posmlates. Using these postulates denve an expression for the total energy
of an electron in 0™ orbit of an atom. What does negative value of this energy sizmify?
What 15 Bobr s radios?

3. (I/Using Bohr's postulates, derive the expression for the frequency of radiation emitted
when electron in hydrogen atom undergoes transition from higher energy state (quantum
number n:) to the lower state {ns),

(II) Whert electron 1 hvdrogen atom jumps from energy state =4 to 0=3, 2, 1. Identify
the spectral series to which the emission lines belong

ANSWERS

1{a) Limutations of Rutherford Model
1. Stability of Atom: According to Rutherford model electrons revolve around the nucleus
cercular orbits. Since 3 revolving electron i3 an accelerated charee, 1t should continuously radiate
eneroy. Therefore: Electron would lose enercy continnously, Radius of orbit would decrease,
Electron would finally fall o the mucleus. Thus, Rutherford model could not explain the
gtatmlity of atom.




2. Atomic Spectra

Rutherford mode! predicted contirmous radiation from revolving electrons. Hence 1t should
produce a continmous spectrum. But expenmentally, hydrogen atom gives a line spectrum
consisting of discrete hines. Therefore, Rutherford model failed to explain atomic spectra.
Bohr's Explanation

1. Stable Orbits Bohr proposed that ‘electrons revolve only i certain permitted circular orhits
called stationary orbits. In these orbits, electrons do not radiate enerpy. thus atom remains stable,
2 Explanation of Line Spectrum: Radiafion is enmited or absorbed only when electron jumps
from one orbit to anather. Av = E, — E;

Thus only specific frequencies are emtted, mvmg discrete spectral Iimes:

Calculation of Wavelensth of H. Line

For Balmer senies: n, =2 _ForH; line: n; =3, Using Rvdberg Emrmla%

I
-
.
"'-:.HII k=
|
o
f S

S=1523x10°m* = A=656x10"m =>[1=656nm
1(b) Radius of nth Qrbit: According to Bohr model:

Step 1: Electrostatic Force = Centripetal Force  — € F
Step 2: Bohr Quantisation Condition mur = :_*' =5 =

Ly ) =IThT

&me, TS r
nh

Step 3: Substitute Value of v =S =2(ZL)" on Solvingr, = Saith

4z = = \Zams TmEs
For hydrogen atom: 7. = n°a,, Where. a, = 053 A 13 called Bohr radius.
Answer - 2 Bohr's Postulates and Total Eneray
Bohr's Posmlates
1. Electrons revolve m certain sizble circnlar orbits without adiating eneroy,
2 Onlv those orbits are allowed for which anzolar momentum 15 guantised:  mur :E
3. Radiaton s enutted or absorbed when electron jumps from one stationary orbit to
another v = E, — E;

Berivation of Total Enerpy

Total enermy: £ = R'+U th:reh’ Kmetic Energy, U = Potential Energy
Stop - Kinetic Eperey 4TE r"_m: == mv:zu:-e !T:} ﬁ':fmtf::n:t_%
Step 2- Potential Enerzv. U__E"f:l

Step 3. Total Energy E =K + U :EIE $_1:'_1'_T::5£==_;:;_=$
Substunng value of radms, E, ——L"ﬁelf

Significance of Negative Energy
Nezative sizn mdicates that electron 15 bound to the nuclevs Energy must be supplied to remove
ﬂh:tmnﬁm atom to mfinity.

Bohr Radus - Radius of first orbit of hvdrogen atom s called Bohr radius. g, = 0.53 A
Answer - 3. Freqnency of Radianon Emitted - When electron jumps from hizher orbit () to
lower arbit (n;): hv=E, — E;

Eneroy of nth orbit: B, = — 22 gV =>  Therefore, hv = 13.6 (-1-1-— :)E_F

ﬂ‘:’ nj
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Identification of Spectral Senes

1. Transition: 4 — 3 This belongs to' |Paschen Series |
2. Transition: 4 — 2, This belongs to] Balmer Series|
3. Transition® 4 — 1 Ths belongs to: | Lyman Senes|
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CHAPTER 13

L
CHAPTER

~G2)-| WARM-UP: THINK LIKE A SCIENTIST| [P

CLASE 12 FHYLRCE

Before You Begin...

mﬁﬂ'l
Q) Observe & Predict |
1. Why de nuclsi remain stable /’r’_“ﬁ‘ Mt hiabg
caaplta the strong repulsion betwesn d :':muhm
protons? lll
2. What would happan if the strong _
nuclaar fores did not exist? 1 2 ie? W0

Mg iy LA

3. Why do lighter nucle relesse more .
energy by fusion, while hesvies nuclei "

ralaasa energy by flssion? e

4. Why are nuclear resctions used in '
power, plants to produce electricily? 0 - ™
5. lWradisaciive decay did not sxis, 75 =
haw would it affect the natural : .
balance of daments on Earth? Nuclesr futien

e Write your ideas before studying the chapter,

“@> NUCLEI AROUND US &3 [FFH
J"l &
E3 Real-Life Connections

How Muclear Sciance Is Used

phicenr Poviir Mant — ;ﬂ' Franbom of hamavy miscies (e 101
. -~ riilansgs Larpe srmrpy used 1o
Ti
{m g Turmgsir, Kiidlankidam] v -----ﬂ Ssemriter bt
Miwchcal raggmg Ragkoactres macars (ks “F) smit
(PET Scan) ﬁ T ey webiiy bl | Iighii
g, Cnewes clligyrmnlad wlirral e
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MULTIPLE CHOICE QUESTIONS
A nuclens splits 1nto two noclear parts having rady m the ranoe 12 Their velocities are mn the ratio
{a) 8:1 )% (c) 4:1 {d) 2:1
The radms of a sphenical nucleus as measured by electron scatteting 15 3.6 fm. What 15 the mass
number of the nuclens most likely to be? (Given RO = 1.2 fm)
(a) 27 {b) 48 (c) 36 (d) 120
If the bmding energy per nucleon of “H and *He nucler are 1.1 MeV and 7.0 MeV
respectively, then the energy released in the reaction “H — "H — "He s
(A) 236 MeV (D) 280MeV ()59 MeV (d) 25.2 MeV
The radies of 2 noclevs of mass nurber A 15 proportional to;
(@A (b) A2 (AT (@AtD
Which of the following particles has the smallest de Broghe wavelength. if all move with the same
kinetic energy?
(a) Electron (b) Proton () Alpha particle (d) Neutron
If the nuclear radius of Al 1s 3.6 Fernu, the approxumate nuclear radws of *Cu (in Fenmu) 1s:
(a)24 (b 4.8 {c)3.6 (dys2
The moclear density of all mucled 15 approxamately the same because:
(a) All mucle have the sime mass  (b) Nuclear radms o¢ A™(1/3) and mass «c A
(c) Nucler are all sphencal mshape  (d) All nucler have same mumber of protons
The mass number of an atom 15 40 and 1ts atomuc mumber 15 18. Whach of the following 15 correct?
(a) 18 protons, 18 electrons, 18 neutrons  (b) 18 protons, 18 electrons. 22 newtrons (¢) 22 protons,
27 electrons; 18 neutrons  (d) 40 protons, 40 electrons. 18 neutrons
The binding energy per nucleon 15 maximum for

(a)H (b) *Fe (€)=U (d) ==Pb
The mass defect of a nucleus 1s Am The binding enersy per nucleon (for mass number A) 152
(a) Am-c¥A (b) Am-c® {c) A-Am-c* (d) Am{(A-c)

If the binding enerpy of deuteron 5 223 NeV the mass defect (in amu) of deuteron is
approximately:

(a) 0.0024 u (b) 0.0024 kg (©)0.024u (d) 0241

Observe 2nd Think:

Wiy de you think nature prefers ron (*Fe) 1o be the most stable nucleus? What advantages mache
this provade 1o stars and galaxses?

Which of the following 15 NOT a comrect statement about binding ensroy per nucleon?

(a) It 15 maximum for Fe=36 (b) it 1s nearly 8 MeV fior nocléd in the middle of the penodic ble (o)
It decreases with increasimg mass number for very heavy nuclay

(d) It is always sreater for heavier mucles than lighter nuclet

In the zraph of bindine energy per nucleon versus mass number, fwo nucler can release snsrgy by
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(a) Fusion only {b) Fission only

(c) Either fission or fusion depending on their mass rmmber

(d) Nexthet fission nor fusion

Tt 2 mucleat reactor, the funichion of the moderator 15 to:

(a) Absorb fast nentrons  (b) Slow down fast nentrons to thermal energies

() Increase the enerpy of nentrons  (d) Reflect nentrons back into the core

The enerzy released i muclear fusion reactions 15 due to:

(a) Décreass n binding energy per nuclson

(b) Increase in binding eneroy per nucleon of the product over reactants

(c) Emission of sammarays  (d) Conversion of protons into neutrons

In the fission of U by a slow neutron, one of the products 15 '“Ba. What 15 the other heavy
(a) Kr {b) *Kr (c) “K1 (d) “Rr

Given below are two statements

Statement I' The number of protons m an atom equals itz atomic number Z.

Statement I Isotopes of an element have same mass number but different atormic numbers.
In the light of the above statements, choose the most appropriate answer:

(a) Both Statement 1 and Statement 11 are correct

(b) Both Statement T and Statement II are mcorrect

(c) Statement I1s correct but Statement IT 15 mcorrect

(d) Statement 112 incomrect but Statement 11 15 comrect

Nucteus X5 splits into two nucle: having the mass numbers m the ratio 2:1. The ratio of the radu
of thase two nocler 15

(a)2:1 (b) 1:2 (€221 (d) 1:212

The energy equivalent of 1 amu (atomic mass unit) m MeV 15

(@) 931 MeV  (b) LEMeV  (c) BleV (d) 931 MeV
Creative Scientific Thinking

Imazme a2 world where fusion reactors become commien in every city. How would transportation,
patlutton and slectnoty generation chanee”

In the nuclear reaction %H =3 H — %He + n_the eniergy releassd is (oiven: mass of *H=201410
©; mass of :He = 3.01609 u; mass of n = L.O0S67 w; 1 u=931.5 MeV/c):
(a) 327 MeV (b) 4.03 MeV (€) 223 MeV (d) 17.6 MeV

ANSWERS

18, 2a@a, 3.a, 4.¢, 5.c¢ &b, 7.b; Bb, 9.b 10.a

M.a 12.d, 13.c, 14.b, 15.b, 16.a, 17.¢, 18.¢, 19.a, 20.5
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ASSERTION- REASON BASED QUESTIONS

For these Questions two statemennts are given one labelled Assertion (A) and other [abelled
Reason (R). Select the correct answer 1o these questions from the options as oiven below
a. Ifboth Assertion and Reason are true and Reason 13 cormrect explanation of Azsertion.
b, If both Assertion and Reason are troe but Rezson 15 not the correct explanation of Assertion
.. If Asgertion is true but Reason is false
d. If borh Assertion and Reason are false.
Assertion (A): The binding energy per nucleon m very heavy nucle 15 less than that m medium-
mass nucler
Reason (R): Very heavy nucler have a larzer proportion of nevirons. which reduces nuclear stabality.
Assertion (AY: Nuclear forces are charge independent
Reason (R): The nuclear force between neutron-fiettron. proton-proton. and protop-neuiron pairs
are approximately equal
Assertion (A): Nuclear fusion cannot occur at room temperature.
Reason (R): Nuclear fuston requires extremely high temperatures (of the order of 107K) to overcome
the Coulemb repulsion between nucler
Aszertion (A): Isotopes of an element have simular chermeal propertes.
Reason (R). Isotopes have the same number of slectrons and hence the same electronic
configuration.
Assertion (A): The nucleus of an atom has greater density than is ouvter electromc shells
Reason (R): Almost the entire mass of an afom 1s concentrated in ils tiny nuclens, whereas electrons
have neshigible mass,
Assertion (A) The mass of a nucleus 15 less than the sum of the masses of 1ts constitnent protots
and neutrons.
Reason (R): The mass defect 15 converted mnto bindmg energy, which holds the nucleus together
Assertion (A) The hinding snerpy per nucleon is a2 measure of the unstability of a mocleus,
Reason (R} A higher binding energy per nucleon means the nucleons are not ughtly bound and the
mucleus 15 more stable
Physics 1n Real Lafe
How doés nuclear ensrzy help submarnines temain underwater for long duranons?
Assertion (A Heavy nucles tend to be unstable and undergo radicactive decaw
Reason (R): In heavy mucler, the repulsive electrostatic forces botween protons are sufficiently
balanced by the attractive muclear forces
Assertion (A) Nuclear fission 15 ccompamied by the release of 2 larpe amount of enerzv
Reason (R). The binding enerzy per nucleon of the fission fracments 15 greater than that of the
onmnal nucleus.
Ascertion(A): Distance of closest approach of a-particle to the nucleus 15 always greater than
the size of the nucleps.
Reason(R). Sttong nuclear repulsion does not allow e-particle to reach the surface of noucleus

ANSWERS
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1a 2a 3a 4a 53 6.3 7.d 8¢c 9a 10.a

SHORT ANSWER QUESTIONS (2 & 3 MARK)
Define atomic mass umt {amu). What 15 1ts value in kg and MeV?
What ar= 1setopes and 1sobars? Give one example of each
State two properties of nuclear forces that distinguish them from pravitational and electromagnetic
forces.
Show that the density of nuclear matter 15 mmdependent of mass number A (Given: nuclear radus R
=ReA"S) ivhere Re=12 * 107 m)
Why do heavy nuclet have more neutrons than protons? Explain bnefly,
Definie binding energy of a nuclens, Wiite the expression for hinding energy in terms of mass dafect.
What 15 mass defect of a nucleus” How is o relaied to binding energy?
Draw a rough sketch of the graph showmng the vanation of binding eperpy per nucleon with mass
number Mark the position of *Fe on the graph.
Why 15 1t not possible fo use ==U as a muclear fuel for fission reartors (unlike =517)7
Find the bindmg enersy of “He nuclens Given: mass of “He = 4002602 u, mass of proton =
1.007825 u, mass of neutron = 1008665 w1 u=293135 MeVic®
Calculate the enevey released per fission of =1 ziven that the average bindmz engrgy per nucleon
of U-235 15 7.6 MeV and that of fission products 15 8.5 MeV Mass number of fission fraoments =
235.
Explain with the help of 2 suitable sraph how the bmdine enerzy per nucleon vanes with mass
number Using this graph. explain the source of energy in nuclear fission and nuclear fusion.
Explam the working principle of a mclear réactor Name the main components and state the fanction
of each
What are suclear forces? State four important properties of nuclear forees that distinguish them from
other fimdamental forces,
Calculate the binding energy of the nucleus of *:«Fe, Comment on why iron has the most stable
mucleus. (Given: M(*Fe) =53934% u: my = 1.00728 u; 1. = 1.00867 1z 1 0 =531.5 MeV)
Amazine Facts About Nucles
One gram of nuclear fuel can produce energy equal to tons of coal

In the nuclear reaction: %10 — L — “%.Ba — *.Kr + x('en), find x. Also calculate the energy
released per fission, siven: m(=*U) =235 0439 u; m(***Ba) = 138 9088 u, m(*Kr) =93.9341 w: m(n)
=1.00867 w2 1 u=95315MeV.

(1) How 15 the size-of 2 nuclens found expenimentally? Wnits the relation between the radims and
mass mumber of a nucleys.

(11) Prove that the density of a mucleus independent of ts mass number.

Draw the graph showmg the vanation of binding energy per miucleon with mass number. What
inference vou get from this oraph Also explain the importance of hinding enerzy curve.

A nuclens wath mass number A = 240 and BE /A =7. 6 MeV breaks imto two fragments each of A =
128 with BE /A =8. 5 MeV Calculate the relzased éneray '
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Draw a plot of potential enersy of 2 pair of mucleons a8 2 function of their separations. Mark the
remons where the muclear force 15 (1) attractive and (1) repulsive. Wrmte anv two charactenstic
feamres of nuclear forces.

ANSWERS
Atomic mass umt (amu) s defined as 1'12th of the mass of a carbon-12 atom. 1 amu = 1.66 = 10~
ke=9315 MeVict.
Isotopes are atoms with same stermic number but different mass numbers (e.z, *H and “H). Isobars
are atoms with same mass number but different atomuc numbers {e.g., **C and *“N),
Nuclear forces are very strong but short-ranged, and they are mdependent of electne chatpe.
Density p = MassVolume o« AR Since B = RaA'*, therefore R o A Hence p becomes
independent of mass number A
Heavy nuclel contain more nesitrons to reduce electrostatic repulsion behween protons and increase
muclear stability.
Bitiding enerzy 15 the enetzy required to separate a nucleus into 1ts nucleons BE = (Am)c®
Mass defect 15 the difference betweeen the sum of masses of nucleons and the actual nuclear mass.
Bmndme energy 15 given by BE = (Am)c®
Binding enerzy per nucleon mcreases rapidly, reaches maximum near “Fe, and then decreases:
slowdy for heaviar mcler
=57 15 not fissile with slow neutrons, whereas =*U readily undergoes fission chamn reaction
Mass defect Am = [2(1.007825) + 2(1.008665) — 4.002602] = 0.030378 u. Binding enerzy =
0030378 » 931 S =283 Me\
Energy released = (8.5 — 7.6) = 233 = 211.5 Me\.
Bindine eneroy per nuckeon nises up to *Fe and then decreases slowly Eneroy in fission and fusion
15 released because products have greater binding epergy per nucleon.
A muclear reactor works on controlled muclear fission Fuel produces fission, moderator slows
neutrons, control rods control reaction coolam removes heat. and shislding protects from radiation.
Nuclear forces act between nucleons. Thev are verv strong. short-ranged, charge mdependent, and
show saturation property.
Challepze Your Bram
Why deo sceeatiste comtmiue ressarching fusion reactors despite the enormous technologcal
difficulties?
Mass defect Am = [26(1.00728) + 30(1.00867) — 55.9349] = 0.52808 v Bindme energy = 0.52808
« 931 5 =492 MeV. Iron 15 most stable due to maximum binding eneroy per micleon
By conservaton of mass number, x = 3. Mass defect Am=0.18366 u. Energy released = 0.18366
931.5=171 MeV
(1) The size of a nucleus 15 determmed expenimentally by alpha particle scattening expeniments.
The relation betwesn miclear radis and mass mumber 152
R=FaA'* where Re=12 » 107" m (u) Volume of mucleus:, V=(43)aR* Since. R =RaA*?,
Therefore, V o A Mass of nucleus: M < A, Hence denstiy, p =MV « A’ A=vonstant, Thus
nuclear density 15 mdependent of mass number.
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The binding eneroy per nucleon rises rapidly for light mucle:, reaches maximum near *Fe_and
then decreases slowly for heavy nucler.
Inferences: *Fe is the most stable nuclens. Light nucle: releace energy by fusion.
* Heavy nucler ralease energv by fission.
« Explans muclear stability. Explains energy production m stars. Explains niclear fission and
fosion
Initial total binding énergy- BE. =240 % 7.6 = 1824 MeV
Final total hinding eperoy: BEf =240 x 8.3 = 2040 MeV
Enerov released E=BE;— BE. E=2040 - 1824 E=216 MeV
The potential energy curve shows:
« Attractive force at intermadiate separations. * Repulsive force at very small separations Remons:
« Attractive region: 0.8 fm <r <2 fm + Repulsive region- r < 0.8 fm
Two charactenstics of nuclear forees:
| Nuclear forees are very strong but short-ranoed.
2 Nuclear forces are charge independent
W ¥
ﬂ*"ﬁﬁﬁ'# Buld Your Ovwn Analogy
Research and prepare a short report on India’s major nuclear power plants.

LONG ANSWER QUESTIONS
(a) Explain mass defect and binding energy. Denve the ralation: BE = Am > ¢ (b) Draw and
explain the B E. per nucleon vs mass mumber graph Identify the peak (c) Using this praph_ explain
how energy 15 released in (1) anclear fssion and (1) nuclear fusion. (d) Calculate the mass defect of
“He 1f 1ts atomic mass 15 4 002602 v,
(a) Explain nuctear fission Write the reaction for fission of ®10'and calculate the energv released
per fission. (&) Explan the workang of a nuclear reactor with a labelled diagram. State the function
of the moderator. control rods, coolant. and reflector () Why 1s a chain reaction possible in =0
but not 1n natural uranium (predominantly =517}7
(a) What 15 nuclear fusion? State the conditions necessary for fusion to occur. Winte the fusion
reaction occurning m the sun (b) Calculate the energy released m the followang fusion reaction:
*H+%"H—*He+n (m(H) = 201410 u, mCH) = 3.01604 v m(*He) = 4.00260 u, m{n) =
1.00867 u) (c) Compare nuclear fission and fusion on the basis of (1) fuel required (1) energy
released per nucleon (1i1) radtoactive waste.
(2) What are nuclear forces? List four of their important properties. (b) Show that the nuclear density
15 almost constam for all nucler () Why do hehter nucler tend to undergo fusion while beavier
nuclsi tend 1o undergo fission? Explain using the B E ‘murleon curve: (d) The nuclear radii of ©.H
and ™::Pb are R and K- respectvely. Calcnlate the ratio B=Re. (Me= 1. M Ph=208)
(1) What charactenstic property of nuclear force explamns the constancy of binding enerov per
mirleon (BE/A) in the range of mass mumber ‘A lyime 30 < A < 1707
(11) Show that the density of nucleus over 2 wide range of noclai 15 constant- independent of mass
number




r'.l

ANSWERS
(aiMass defect (Am) 13 the difference between the sum of masses of individual nucleons and the
actual mass of the nuclsus.
Am = [Zm, = (AZjma] = M
Bunding enersy (B.E.) 15 the enzrgy requuired to separate 2 nucleus completely into its nuclzons.
According to Einstein’s mass-energy relation: E = mc®
Therefore: B E. = Am x ¢, (b) The binding enerpy per nucleon mcreases rapidly for hight nucler,
reaches a maximum near won (*Fe), and then decreases slowly for heavv mcler. The peak ocours
near *Fe with maximum B E ‘nucleon = 8.8 Me\ indicating maxsmum nuclear stability.
(c) In muclear fission, heavy mocled split into medium-mass mucler having hicher binding energy
per nucleon, releasing enerzy. In muclear fusion, licht mucler combine o form heavier nucles with
greater binding energy per mucleon, releasing enormous ensrgy. (d) Am=[2(1.007825)=
X1.008665)] — 4.002602
Am=403298— 4002602 Am=0030378n
(aiNuclear fission 15 the process in which a heavy moclens splits info two lighter nmcles with
release of enerzy and neutrons.
Reaction: ®%U=%an— *'uBa ~*:Kr ~ 3'an + Energy
Average enerzy released per fission = 200 MeV
(b) A nuclear reactor works on centrolled nuclear fission
Components and functions:
* Fuzl (Z*U); Underzoes fisston = Moderator: Slows dovwn neutrons
* Contro] rods: Absorb excess neutrons  » Coolant Removes heat
» Reflector: Prevents neutron leakage » Shielding Protects from radiation
Heat produced converts water mto steam, which rotates turbines to generate slectneoty
() 55U 15 fissile and underpoes fission with slow neutrons, whereas **U does not undergo fission
with-slow neutrons: Hence sustatried cham reaction 15 possible only i =50
(@i Nuclear fusion 15 the process i which two light muclel combing to form a heavier muclens with
release of energy.
Conditions required:
* Very ugh temperature (~107 K} High pressure. High densny. Fusion reaction 1o the Sun: 44H
—= :He +Eneigy
(b) Reaction:
1H +H —%He-'sn
Initial mass =2 01410+ 3.01604 = 5030141
Final mass =4 00260 — 1 00867 =3.01127 1
Am=503014—=301127, Am=001887u
Energy released. E =0.01887 9315, E=17.6MeV
(c) Fisswon:
« Fuel: Heavy nuclet » Eneroy per nucleon: Lower » Radioactive waste: More
Fusion:
» Fuel' Light nucle + Energy per nucleon: Higher « Radioactive waste: Very less
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(a) Nuzlear forces are forces acting between nucleons mside the micleus
Propertes:
| Very strong 2. Short-ranged 3. Charge mdependent 4. Show saturation property
(b) Nuclear radmos. R =RaA¥?
Volume VoaR e A, Mass MoA Demmty p=MV A A
Therefore, nuclear denstty 15 almost constant for all mucles.
() Light mucler have lower binding energy per nucleon, so fusion increases stability and releases
eOErY.
Heavy nucler aiso have lower binding enesgy per nucleon compared to iron 5o fission produces
more stable muclet and releases enerzy.
(d) Using- R=RoAY2, RoR.=(208/1)"%, RoPBua =594 Therefore: R2 R =6
(1)The saturation property of nuclear forces explains the constancy of binding energy per nucleon
(BEA) for 30<A < |70, because each micleon interacts only with its nearest neishbours
(1) Nuclear radms R =RsA'’ Hence volume V ot R® o A, while nuclear mass M o A Therefore,
p=AV < A A = constant, showing muclear densiiy 13 mdependent of mass number.
CASE STUDY-BASED QUESTIONS

Binding Energv and Nuoclear Stability
The binding energy of a nucleus 1s the energy requuired to completely separate its nucleons. It equals:
Am * ¢*, where Am 15 the mass defect. The hinding energy per mucleon (BEN) curve peaks near *Fe
(~8.8 M=V nucleon), For lighter mucle: (A < 56), the BEN increases — eneroy can be released by
muclear fusion For heavier micler (A= 56), the BEN decreases — energy can be released by nuclear
fisston This explains why both fusion (light nucler) and fission (heavy nuclei) are exothermuc
reactions, forming products with greater BEN.
(i). The binding energy per nucleon 1s approxumately 7.6 MeV for 1. Ifthe average BEN of fission
products is 8 5 MeV. the approximate enerpy released per fission event (for 235 nucleons) is:

(a) 20 MeV (b) 2115 MeV () 100 MeV  (d) 1 GeV
(if). Whuch of the following nuclet has the luzhest binding ensrgy per nucleon?

(a) %H (b) *He (c)*%Fe (d) =%:U
(iii). The mass defect of “:He 15 0.0304 u. ts binding energy 15 approximately

() 283 MeV (D) TIMEV () S65MeV  (d) 142 MV
{iv). For which of the followinz processes 1s the binding eneroy per mucleon of the product greater
than that of the teactants?

(a) Fission of U only (b) Fusion of hydrogen nucles only

(c) Both {a) and (b) (d) Nesther (a) nor (b)
Muclear Fission and Chain Reaction
When 17 absorbs a slow (thermal) neutron_ 1t splis o two medium-mass frapments along wath
2-3 faat neutrons and energy (~200 MeV). These secondary neutrons can canse further fissions —
achamreaction For a self-sustaiming chain reaction. the multiphicaton factor k- must equal 1 (catical
state). In 2 nuclear reactor, control rods (e.z.. cadmium) absorb excess neufrons to mamniam k= 1




A moderator (2.2, heavy water or graphite) slows fast neutrons to thermial energies, mcreasing the
probability of fission The coolant removes heat to generate steam for electnioaty.
(i). The mmimurn mass of fissile matenal required for a self-sustainine cham reaction 1s called:
() Critical temperature (b) Critizal mass (¢) Threshold mass  (d) Activation mass
(if). The material usad in control rods of a muclear reactor is-
(a) Urahium (b) Graphite (c) Heavy water  (d) Cadmium
(iii). For a sub-enfical nuclear reactor, the neutron multiplication facior k is:
(a k=1 (B k=1 icrk<1 {dik=0
(iv). The encray relessed per fission of =1 {~200 M=V is primanily in the form of
(2) Kunetic enerzy of neutrons enly () Gamma rays only
(¢) Kmetic energy of fission fragsments, neutrons, and gamma ravs

(d) Heat energv of the moderator
ANSWERS
1).b {(u).c (ut)a (1v).c
()b (). d (). ()¢
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.‘: ' WARM-UP: THINK LIKE A SCIENTIST |

Before You Begin...
Q Observe & Predict

1. Why are metals not used
to make computer chips?

2. Why does silicon dominate
the electronics world?

3. What would happen if
semiconductors conducted
electricity like copper?

o>
—
4. Why are mobile phores .
becoming smaller every year?
5. IF semiconductors did not exist,
which modern technologies would

disappear first?

o - Write your ileas bafore :tud*_.'ing the ;.F-.uptﬁr.

* SEMICONDUCTORS AROUND US =

£ ']

B Real-Life Connections

Device Semiconductor Use

a Smartphone * Processor chips
j . Converts sunlight
’ Solar Panel . to electricity

LED Bulb T | Efficient light emission

&
!. Computer ~ Microprocessor & maemory
e ﬁ-u Car Sensors ’ Smart automation

FTET AV SO0 DO W 0L T =




Semiconductor Electronics: |

Materials, Devices and Simple Circuits

€ enercy BanDS

Iemidiitore, eomdectorn ard
wmicendittors ara differsntivted
bated on their anerpy bands

a) Metals (Copductors)

Winlerice band and canducieh
bond Ts wnry close Lo sach
el o e lap

B O

ek — i
T

b) Insilators {3-}

Cemdetinar Basd wned alrcs
lsruf st sxparwimd by @
Inrgw g

Largee Eireryy
Gap (E,)

c) Semiconduttonrs

Erumpy G = o -mmlie in
i condhicenr which

L T TR L e
W ey The eondiction band,

B, (S0 = 11 oV
E,(Ge)= D72V

>

a TYPES OF
SEMICONDUCTORS |

Sarmicoadectors ame classed
It ety tyrie= baned on the
nambaer of skectrons and hales

» Intrinyic (Pure)
= Entrinsic {impura)

AL Intrinsic (Pura)
Somicondictor

* Froee feomm impniribes Examples:
Garrrmmmibiory (532] and Riliemn (34)

= For pure 5 (E=Y4) and pure
‘Ga [T=32), Bath hnss £ valancs
olectrens:

l = Al A 'valere e glectreie asy

inveathoped in covalurt Bond
fiarrriatlon s % or Ge crppsl

= It has an equal mmmber ol
hales-ind fran electrons.

| Thi=, ay, = my =, ]

Whare ny = Imtricsic cdrriar
concenration
ity = misibes of slecinons
fiy, = middes of holes

B, Extrinsic (Impure)

Cemiconductor

= The slectrical conductivity of
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[l al. fiicis Dt
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) SEMICONDUCTOR DIODE (p-n Junction Diode) | {E) V=1 CHARACTERISTICS OF DIODE

= A semiconductor diode is basically a p~n junction with Forward Bias Reverse Bias
matalllc contacts provided at the ends for the {Quadrant 1) {Quadrant 1)
application of an ext=rmal voltags
= |t g a tywo-isrminal dovice. '+ Iy
Symbol: A ’ K
{furvpche] {Cathode)
_l.l‘.“ X
Forward Bias Reverse Bias o v v i o v
p-side commected to dve terminal | n-sde conmected bo e teEmine| r ‘ I
and n-side to <wve tprminal, and peuidn to = taminad =5
4*‘]'—'"—-—%— —._-IIL._%_ » Cuprent ialmost e * Srmall reverse saturation
R R wntil eut-jn voltege ['.f.l.'_l. curreni (=) e
i 4 * » Altor V., current rices » At breskdown yeliags Vel
I#0 =0 rayrinfly, currirst increates sharmply
= Bl— . b — . ¥, =07V (SH) in reversa direction.
Wy = 03V (Ge)
* Bamier potential decrranes, * Harrier potontial increases.
* Offars vory low resistante. * Offters very high resistance. Information obtained from V=l characteristics
= | renl Flereen, - y wll bea cimrmt flows, | )
AIEE cur Owily & &m hage o Citie Qi Vol {V;)
The ratio of forwsird biased to reverse blased = Feverse suturation current [fy) and breskdown voltage (Ves)
resiztance for p=n junction diode s 10 - 1

€ APPLICATION; DIODE AS RECTIFIER

A mectifinr convens altermating current (AC) into direct qurremt (DE) using diodes.
1. Half-Wave Rectifier b i (AL

o Chrm dificde allcrws oy orve-half cycte of AC B ' i \h_}ﬁ
AC
= Charpit s pulsating DE s ‘ | =g
b | - (T Avmrngs walue of gt
- SN N O ek dien: fye = "

2. Full-Wave Rectifier

>
& |mdi¢dtt:|rmhh1|nihqﬂwlnhﬂ'lqd&; AQ‘UQ—.
A oA o o “ $i v
cT

Vv
=

{
B

4
LA 4o

= Lins of capscitor or mdector cin B, b Clugmue (DL Buerage wallie of sty

filt=r pulbsating DT ko alminat b r.fﬁ'-.“f_‘\._'r"_"\,i,"_\:h diragt QT I'Hn%

conatant (3

Applications of Rectifiers Key Tﬂw_

" Semiconductors have a gmall snergy band gap
| (58 1.0 8V, Ge: 0.74 aV) '
+ Dhipibe creates f-type (ectra slegtoml] and p-typs
Rdio and £ -:ﬂ:;n Stk forimd 8 depletioe redloe amd Ui
I:C e “mh‘ dFl'.l'Hl'l ﬂ:im, :: Bicdes cansurt b lotward bizs and blnek by roverse biay

Tidws are widely e a3 rectifinrs o crreert &C 1o DT
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AIULTIPLE CHOICE QUESTIONS

Carbon, silicon and Germamum have four valence electrons sach. At room temperature which one of
the following statements 12 most appropnate 7

(a) The number of free slectrons for conduction 1s significant only 1n St and Ge but small in C

(b) The number of fres canduction slectrons is significant m C but small in 81 and Ge.

{c) The number of free conduchion electrons & neghpibly small in ail the three.

(d) The number of free electrons for conduction is sigmificant 1 all the three.
In the enerzy band diagram of 2 semiconductor, if more charpe carriers are seen near valenece band Tt
would be

(2} an intrinsic semiconductor (b) 2 metal may be n-type or p-type semiconducior

(e} an n-type semiconductor {d) a p-type semuconductor
The peak voltage in the cutput of 2 half wave diode rectnfier fed with a sinusoidal signal without filter
15 10V, The d.c. component of the output voltage 1s
(a) 102 ¥ (b) 10/ V (© 10V (d) 200

In which case 15 the junction diode forward biased.

WY pyg elav v Ny IV

() Lt {b) LT .
-Assuming that the junction diede 15 1deal. and resistor has resistance of 200 €2 The cumrent 1n the
arrangement shown here wll be:

3V [ | v
(2) 2mA {b) 30 mA (c) 20 mA (d) 10 mA

Which of following statements 15 not true?
(z) Resistance of an intrinsic semiconductor decreases with inctease’in temperature;
(b) Dopme pure St with tnvalent impurines gives p-type semiconductor.
() The majority camers m o-typs seruconductor are holes
{(d) A p-n junction can act as semiconductor diode.
A student wants te 1dentify diode from a muxed collection of diodes, resistors, inductors, switch,
thynistors, bulb efc vsme a multimeter choose the comect statement out of the following abowt the
diode -
(2) It 15 two temunal device which conducts current in both directions,
(b) It 1s two terminal device which eonducts current in one direction enly
(c) It does not conduct current gives an mitial deflection which decays to zero.
() It 15 thr=e terminal device which conducts current i the direction only between central terminal
and erther of the remamine two terminals.
If the two ends of a p-n junchon are jomed by awire
(a) there wall not be-a steady curreat mn the circurt
(b) there wall be a steady current from the n-side to the p sude
(c) there wall be a steady current from the p-side to the n side
(d) there may or may not bea current depending upon the resistance of the connectinz wire




2l ;
@ Suppose all holes dizappeared from 2 p-type senuconductor

9

10

Il

Would current stop complatelv?  Could the matenal still condust? Diseiss scientrheally

“The diffusion current m a p-n junction 15 from the

(2) n-side 10 tha p-side
(b) p-sade to the n-side
() n-z1de to the p-side 1f the junction 15 forward-biased and n the opposite direction 1t 15 reverse-
biased
(d) p-side 1o the n-side if the junction is forward-biased and m the opposite direction if it 15
reverse-biased

In the orven circurt the inppt voltage Vi 15 shovwn mn fisuré The cut-m

[ Wy T -
voltage of p-n junction dwode (Dh or D) 15 0.6 V. Which of the followmne | 1
output voltaze (Vi) waveform across the diode is correct? e - 3
4 11‘-‘
| i
(a) (k)
il
L ] 1 -
c) (d) =
ANSWERS

1.8,24d,3.d,4.5,5.d,6:¢,7.b,8.5,9.5,10.d

ASSERTION- REASON BASED QUESTIONS
For these Questions  two statements dre given one labelled Assertion (A) and other labelled Reason
(R}. Select the comsct answer to these questions from the options as gven below
a, If both Asserion and Reason are trie and Reason 1s comect explanation of Asserhon
b, Ifboth Assertion and Reason are true but Reason 15 not the correct explanation of Assertion.
c. If Assertion s true but Reason s false.
d. Ifboth Asserfion and Reason are false
Assertion (A): As the temperature of a semiconductor mcreases, its resistance decreases.
Reason (R): The energy gap between conduction band and valence band is > 3V m semiconductor
Assertion (A): The resistivity of 2 semuconductor mereases with temperature.
Reason (R): The atoms of a semiconductor vibrate with larger amplitude at higher temperature
there by mereasing ft's resisuvine
Assertion(A): Semiconductors are usad to busld dionial logic carcusts.
Reason({R): They cannot easthv switch between hich and low voltage states.
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THINK LIKFE AN ENGINEER: Why ars impuriniés added m guantitiés as smiall d50 =1 a1om pér
mutlion atoms™

Why not add more impuriises”

Assertion({A): In diptal electronics, we prefer Intezrated circuits or diodes etz made up of Silicon
over Germanium:

Reason({R): Silicon has better thermal stability.

Assertion{A): In an minnsic sermconductor. the Fermu level lies mudway between conduction and

valence bands

Reason(R): There are more electrons than holes 11 an minnsic semiconductor

Assertion(A): The band gap of Germanium 1s higher than that of stheon.

Reason{R): Germanmm has higher reststivity than silicon

Assertion (A): The reverse current 1n a p-n Junction diode mcreases rapudly at hugh reverse voltages.
Reason (R): High reverse bias causes a reduchon m the bamer potential and enhances camer
syection.

Assertion (A): Ideal diode shows zero resistance in forward bias and infinite resistarice i1 reverse
bias.

Reason (R): Depleton region of a p-n junction diode extends in reverse bias and contracts m

forward bias

Assertion (A): A pure semuconductor has negative temperature coefhcient of resistance.
Reason (R): In a seucondustor on raising the temperature, miore charge carners are released,

conductance increases and resistance decreasss.

Assertion (A): When diode 15 used as a rectifier, apphed voltace should not be exceeded bevond
specified reverse breakdown voltaze.
Reasen (R): When p-n junction diode crosses the reverse break down veltage, it get destroyed.
ANSWERS
1.¢,2.d,3.¢c;,4.58,59.¢c,6.d,7.¢,8.a,9.a,10. 3
VERY-SHORT ANSWER QUESTIONS

In the following circmt diagram 15 the junction diode forward biased or reverse hiased?

E} i'l'llﬁll'ﬁl.h'_ﬁ v '|r|'||r |
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Draw and explain the output wave forms across the load resistor B of the

A _E:'i 1
inpat waveform 15 as shown n the figure. >—|_|_I—- " i
L0 :

THINK LTKF A RESFARCHFR : Suppose scienhsts create & diode withe
¢ z=ro cut-in voltage zero power loss, no heating. How would rechnology chanze”

Determine the cument for the network (Bamier voltage for the Sidiode s 0.7Volt)

n,
{ P —
!
2l ol
g,-m V1, B, =4V
i, (50)

A p-n diode 15 fabricated with a semiconductor with a band-pap of 2.8 €V Can 1t detect a wavelength

of 6000 nm?
In the ziven circust. Find the current through the battery?
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In the ziven circust. Find the voltage across load resistance ( Ro)
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How are c]::a:rg:cmsﬁﬂatad in an intninsic semiconductor 7 Explam.

Wrtte two pomnts of difference between mtrimsic and extninsic semiconductors.

Differentiate between n-tvpe and p-tvpe semuconductors,

Ge and Si1 diodes start conducting at 8.3 V and 0.7 V respectively. In the o=

following figure if Ge diode connection are reversed, the value of %5 | |

ch.’mgﬁs h} 7 2" | - L3
SHORT-ANSWER QUESTIONS

(2)Draw the energy —band diagrams for conductors, semiconductors and insulstors 1 T=0K How
15 an electron-hole pair formed m a semiconductor 3t room temperature”

(b¥Carben and silicon both, are members of TV group of periodic table and have the same lattice
structure . Carbon 15 an msulator whereas silicon 15 2 semiconductor. Explain

Differentiate: between: half-wave and full-wave rectification With the help of a cucwit diagram,
explam the working of a full-wave rectifier. '

In an infrinsic semiconductor, camer’s concentration 15 5 x 10° m”. On doping with impurity atoms.

the hols concentration becomes 8 x 105 m™
() Identify (1) the type of dopant and (i1) the extrmsic semiconductor so formed.
(b) Calculate the electron concentranion in the extrnsic semiconductor.




10.

11.

e

G

Diaw energy band diagsrams of n-type and p-type semuconductors af temperature T > 0 K. Show the
dnnm: atﬂﬁpﬁm'eﬂfzg, 'IET.‘E!E with the order of difference of their energies from the bands.

| I

E3LTIY Farth jenl ¥ 3 3l! semicondisctor technolc Y for 24 E.L...’

"_'.'ie:..rtht the mmpact? W :'..!:1 MOGErn cn‘ﬂ:z:ﬂmn survive normaliv? Explam soiesmifically.
A p-type S1 semiconductor 1s made by doping an average of one dopant atom per %10 silicon
atoms. If the mumber density of sihicon atoms 1n the specimen 15 5x10°° atoms m*~, find the number
of lioles created per cubic centimetre tn the specimen dus to dopne. Alse zive one of such dopants.
In an n-type semiconductor electron-hele combimation 15 a contimuous process at room temperature.
Yet the electron concentration 13 always greater than the hole concentration m it Explam.

{a)Draw circunt arangement for studying VT charactenistic of 2 p-n junction diode.

(b)&how the shape of the charactenstics of a diode.

(c)Mention two mformation that vou can get from these charactenistics.

{a)What are majenty and mmonty charge camers i an exinnsic semcondurtor”?

(b)A p-n junction 1s forward biased. Descnbe the movement of the charge camers whach produce
current in it

(c)The graph shows the vanation of current with voltage for a p-n junction diode.

(2)What are majorrty and munonity charge carners of p-tvpe and n-tvpe senmuconductors?
(WiExplain briefly the formation of diffission corent and diff current n a p-n junction diode.

| T j
Estimate the dynainic resistance of diode af V' =- 0 J|
0.6 valt ) |'
[[FESE T \a Py |
(TS e 4
—_— ——
3 lL— LT =11 b=l J-.u_ o l._. R
i % iwaltad

Explain the process of formation of “depletion laver” an.cl ‘potential bamer” i a p-n junchion region
of 2 diode, with the help of 2 suitable diagram Which feature of yunction diode makes it suitable for
s use as a rectifier 7
A semiconductor has equal electron and hole conesntration of 3 x 108 m™. On dopine with a certam
mmpurity, the hole concentration incyeases to 6 x 109 m?
(2) What tvpe of semicenductor is obtained on dopine 7
(b) Calculate the new electron concentranon of the semiconductor
(c) How does the energy gap of ssmiconductor changs with doping 7
Draw the enerzy band diagram for it
(2) Explam the working of 3 junction diode as 2 half-wave rectifier
(b) The effictency of a half-wave rectifier 15 40%. What happens to the remamng 60% power 7
Suppose a pure S1 crystal has 3« 10° atoms per m’. It 15 doped with 5 = 107 atoms per m® of
Arsemc. Caleulate the majonty and smnonty camer concentration m the doped sthicon (Grven: o=
1-5% 10% m)
Diraw 2 cireuit diagram of a full-wave rectifier using p-n junction chodes. Explan 1ts working and
show the input-output waveforms:

¢  Imtepraed Ciowts (ICs) combine thousands to billions of semitonductor compotients on a

iy chip
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¢  Galhiom Arsernde (GaAs) semiconductors are Taster than sihicon and are used i hiok-
frequency applicabons

AN a2 voltaze Vi =12 sin (100 )V 15 applied between pomis A and B in a network of two 1deal
dindes and three resistors as shown in fisure. Dunme the positive half cycle of the input voltage Vi
supplied fo the network.
(2) Idennify which of the two diodes will conduct and why ?
(b) Redraw an squivalent curcut diagram to show the flow of cument.
(c) Calculate the cutpnt voltage drops VO across the three resistors when the input voltaze attams its
peak value.
Briefly explain the two mmportant processes that occur dunng the formation of 2 pon junction
With the help of cirowt disgrams. briefly explam the forward biasme and the reverse biasmg of ap-
n yunction diode
With the help of 3 circunt diagram . explain the working of a full wave rectifier. Depict the input and
output waveforms.
The hole concentration in an intnnsic semmconductor 15 3 x 10° m™ . When it 1s doped with certain
impunty, the electron concentration becomes 4 x 10~ m™ Find the sew value of the hole
concerntration Also identify the tvpe of new semiconductor formed after doping.
A sample of 51 doped with trrvalent impunity and another S sample which 15 doped with pentavalent
impurrty (each with mmpunty concentration 1 1 million).

ANSWERS
(a) In conductors valeace and conducnon bands overlap; m semuconductors they are separated by a
small gap. in insulators by a large pap. At room temperature, thermal energy breaks some covalent
bends producing electron-hole pairs.
(b) Carbon has z larger band gap (=5 5 €V) 50 it behaves as an iisulator, whereas silicod has 2
smaller band gap (~1.1 V) and acts as a semiconductor.
Half-wave rectifier uses one half cvele of AC whule full-wave rectifier uses both half eveles, zrving
higher efficiency. In a fall-wave rectifier, two diodes ronduct altemnately dunng positrve and
negative half cycles to produce pulsating DC.
(2) (1) Dopant is trivalent impurity. (11) Extrinsie semiconducior formed is p-tvpe.
(b) Electron concentration=13 125 = 10* m?,
In ni-tvpe semuconductor, donor level hes just below the conduction band; in p-type senuconductor,
acceptor level lies just above the valence band. The snersy difference 1s very small (~2.01 &V).
Number of holes ereated = 107 em™. One sutable dopant 1s Boron (B).
In n-type semiconductor, pentavalent impurities provide a larpe mumber of free electrons. Though
electron-hole recombination ocenrs continuounsly, electrons remamn much more than holes because
glectrons are majonty carmers
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sy’ Pore silicon 15 like 5 quiet oty Doping adds “spectal citizens™ that completely

tratisform the cutv’s behaviour Pentavalent stoms donate extra clecttons. Trivalent atoms ceate
electron vacanmies called holes This oy modsfication powers the entire digstal world.
(a) A battery, resistor. millt amimeter and p-n diode are connected 1 senes with a voltmeter across
the diode.
() Forward bias grves exponential rise tn current: reverse bias gives very small reverse samration
current.
{c) Cut-n voitaze and dynamic resistance can be obtained.
(a) Majenty carners are electrons 1n n-tvpe and holes in p-tyvpe; minenty camers are holes in n-type
and electrons i p-type.
(b) In forward bias, electrons from n-side and holes from p-side cross the juaction and constitute
current flow
(c) Current increases rapidly afier cut-1n voltage mn forward bias,
a) In p-type: holes are majonty and electrons are mmonty camers. In n-type: electrons are majortty
and holes are minonty camers.
(b) Duffusion current 1s due to movement of majonity camers across the junction; doft current 1= due
1o movement of minority carriers under eleciric field.
Drmamic resistance: rd= AV/AL
Diffusion of electrons and holes across the junction leaves mnmobile 1ons near junction forming
depletion laver This creates an electnic field called potential barmier Umidirectional conductivity
makes the diode usaful as a rectifier
(a) p-type semiconductor 15 formed.
(b) Electron concentration=1.5 x 10"6 m"-3.
(c) Enerpy gap remams zlmost unchansed on doping. Acceptor level appears just above valence
band.
(a) In half-wave rectufier, diods conducts dunme one half cvele and blocks the other, producms
pulsating BC.
(b) Remaming 60%« power 15 lost as heat 1n the circunt components and unused AC cutput.
Majotity carrier concentration = 5 » 102 i,
Minonty camer concentration =4.5 * 108 m™.
A full-wave rectifier uses two diodes and 2 centre-fapped transformer Each diode conducts dunng
altemate half cycles, giving putpot current in the same diraction for both halves.
(a) Durng postve half cvele, the forward brased diode conducts while reverse biasad diode does
oot
(b) Equivalent circuit contams conducting diode as short circut and non-conduching diede as open
cucut
(c) At peak- V1= 12 V; voltaze drops are found using voltage division mile.
The two mmportant processes are diffusion of majonty camers across junction and formation of
depletion region with potential bamer due to uncovered rons.
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In forward bras, p-side 15 connected to positive termmal and n-side to negative tenminal reducing
barmer potential and increasing current. In reverse bias. bamer potennal ncreases and only small
reverse current flows.
In a full-wave rectifier. alternate diodes conduct in altemate half cveles so current through load
in sami direction. Output waveform contams bioth half cyeles as pulsatine DC.
New hole concentration= 623 10'4 m"-3. Since electron concentration wmcreases, semiconductor
formed 15 n-type.
Si1 doped wath trrvalent impurity forms p-type semiconductor where holes are majonty camers. 51
doped with pentavalent impunty fonms n-type semuconductor where slectrons.are mamnt\ camers.
EvY * i} -‘ i-
Y% 50 Vour Own Anzlogy
Explain sempconduoctor belimnour using: traffic svstem_ water flow school comdors, shopping mall,
2UPOrt s2cunty .
LONG ANSWER QUESTIONS
(a) Explain the formation of depletion laver and potential bamier in a2 pn junction.
(b) In the figure given below the input waveform is comverted 1nto the output waveform by a device
"X’ Name the device and draw 1is coromt diagram.
A WalWa P iaa'al
Lagrud Dhuaapeuf
(a) A student comects pside of a pn ST

junction diode with positive termunal of “".“_";..'*”.1_

battery and ne-side 15 connected with é“ ‘{_'L'_L" e
negative termunal of battery. Another lemirH—J{DI 24 cruppns
I — * ¥

with battery. Identify the biasine i both
the cases. Draiw the curcunt diagram of these biasmo of 3 p-n umction

(b) If the ranio of the concentration of electrons to that of holes in 2 semiconductor 15 577 and the ratio

of currents 15 4 7. Find the ratio of thewr dnft velocities.
ANSWERS

(a) When p-type and n-type semuconductors are |omed. electrons and holes diffuse across the
junction and recombine leaving immeobile jons near the junciion. This region without free charge
camiers 15 called the depletion layer, and the electne field developed across 1t forms the potennal
barrer.

(h) The device "X 15 a rectifier diode (p—= junction diode) uzed as a rectifier A dinde cotmected in
senes with a load resistor across an AC seurce grves pulsatng DC cutput.

(a) When p-side 1s connecied to posttive terminal and n-side to negative terminal_ the diode'is
forward brased. When connections are reversad, the diode 1s reverse biasad. In forward bias. curent
flows eastly, mreverse bias. only a small leakage current flows.

(b) Civen np=37 and InTp = 4.7, Using In'Tp = (mva)(py), weget v vy =45,

Hencs, the ratio of drift velocthes 154 - 5.

CASE STUDY-BASED QUESTIONS
Extnnsic senuconductors are made by doping pure of minnsic senuconductors with sutable mmpurity:
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There are two type of dopants used in doping, S1 or Ge. and using them p-fype and n-type
semuconductors can be obtamed. A p-n unction 15 the basic buitlding block of many semiconductor
devices. Two imporiant processes occur dunng the formation of a p-n junction: didfosion and drift
When such a junction 15 formed. a depletion layer 15 created consisting of immobile on-cores.

Thas 15 responsible for a junction potennal bamer The width of a depletion laver and the heioht of
potential barmer changes when a junction 15 forward-biased or reverse brased A semiconductor
diode 15 basteally 3 p-n1 yunctson with metallic contacts provided at the ends for application of an
external voltage Using diodes, altemaning voltages can be rectified.

(1) Which of the followine 15 a donor impunity atom for Ge 7
(a3} Boron  (b) Antimony  {c) Alominmm (d) Indmum
‘it) When a pentavalent atom occupies the position of an atom n the crystal latnce of 51, four of 11s
alectrons form covalent bonds with four silicon newghbours, while the fifth remains bound to the
parent atom The eneray reguired to set this electran free 15 about -
(A)035eV (B)01eV  ()005eV  (d)0.01eV
‘i) Buning formation of 2 p-n [unchon
(@) a layer of negative charge on n-side and a laver of positive charge on p-side appear.
(b) 3 layer of posutive charge on n-side and 3 layer of negative charpe on p-side appear
{c) the electrons on p-sude of the junction move to n-ssde initally,
() rmutially diffosion current 15 small, and drift current 15 large.
(1) (a) In reverse-biased p-n junction -
(a) the dnft current 15 of the order of few mA.
(b) the applied voliage mostly drops across the depletion region.
(c) the depletion region wadth decreases.
(d) the current increases with moréase m applied voltage,
OR
{v) The cutput frequency of a fullawave rectifier with 50 Hz as mnput frequency 1s -
(a)23Hz (b)50Hz (c)100Hz (d)200H=z
‘A p-njunction dicde allows current to pass only when 1t 15 forward biased. So, 1f an alternating voltage
15 applied across a diode the curent flows only in that part of the cyzle when the diode is forward
biased This property is used to rectify alternating voltages and the circuit used for this purpose 1s
called a rectifier.
1f an alternatinz voltage 15 applied across a diode in senies with a load. 2 pulsating voltaze will appear
across the load only dunng the half cycles of the ac mput dunng which the diede 15 forward biased.
Such rectifier circmt is called 3 halfwave rectifier
When two diodes are used 1c orve output rectified voltage comespending to both the positive as well
as negative half of the ac ovele, 1t 15 kniown as full-wave réctifier
The rectified voltage 15 in the form of pulses of the shape of half sinusords. Though 1t 18 umdirectional
1t doies not have a steadv valuz To get steadv de output from the pulsatimg veltage normally a capacitor
is connected across the output terminals (paralle] to the'load R;). One can also use an inductor in series
with L for the same purpose. Since these additonal cirewmits appear to filrer out the ac rippie and mive
a pure de voltage, so they are called filters
(1) In an unhsased p-n punchion,
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(a) high potential 3t n-side and low potential at p-side
(b} high potential at p-side and low potential at n-side

() p and n both are at same potential

() undetermuned 0 e,
(i1) The diods used in the circuit shown in the figure has a constant voltage A :

dropat 0.5V atall cuirrents and a maximum power rating of 100 milliwatts. | [

What should be the valus of the resistor R, connected 1n sénes-with diode 'ﬁ"*'

for obtaiming maxinum current? j!

(@e76a MO (@580 (369
(1if) The average value of full wave rectified voltage with a peak voltage of 66 Vis

(3) 66V (b)32V (e)42V  (d) 88V
(1v) The power delivered, and efficiency (for half wave rectifier and full wave rectifier) 15
¢a} low for half wave rectifier
{b) low for full wave rectifier
(¢} 2ame for both half wave rectifier and fall wave rectifier
{d) can not say
OR

(v)In the given fizure, a diode D is connected to an extemnal resistance R =100 % W0

‘and an emf of 3.5 V. If the barrier potential developed 2eross the diode 15 0.5 V.
the current in the circiut wall be:

[LLLIH]

r=lif—————

(2) 40 mA (£)35mA (B)20mA (d)30mA i
b (u) z ()b (. OR (¥)c
(1).2 (u). (im).d (1v).a OR (v)d
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