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1. Every atom makes one freo ¢

wh

@1.54 (b)3.04
©)154 (@)304 .
Two batterics, one of emf 18 volts and internal resistance 242 and the other of ®
emf 12 volt and internal resistance 142, are connected as shown, The voltmeter :
Vwill record a reading of ' L
@ 15volt  (b)30volt (c)14 volt (d) 18 volt ——
L
. The internal resistances of two cells shown are 0.12 and 0.30. If R = 0.20, the l
potential difference across the cell T .
(a) B will be zero ——{—
(b) A will be zero 4 A
() A4andBwillbe2V .
(d) A willbe > 2V and B will be < 2V -
. In Wheatstone's bridge P = 90hm, Q = 11ohm, R = 4ohm and § = Gohm, How AWy

lectron In coppor, 1t
1 mm diameter, then the dri it

N ere current Is flowing in the wire ol’cgppcr having

woight = (63) velocity (approx,) will be (Density of copper = 9 x 10%kgm™ and atomic
(W0.3mm/sec b) 0.1

The resistivity of iron is1 >(< mlymml #el ()0.2mm/sec (¢) 0.2em/sec

h ohm = m. The resistanc : 0 icular length and thickness
Is 1 ol 18 the length and the q| esistance of a iron wire of particular leng

umeter of wire both are doubled, then the resistivity in ofim — m will be

-7
(l?)k ﬁ:‘;::l‘l\?) start (b). 2 %1077 (c) 4% 107 () 8x10~7
tlw~ Cf\l“bi\tlcry art & car engine on a hot day than on a cold day. This is because the internal resistance of

(n) Decreases with rise in temperature
(¢) Decreases with a fall in tempe

(b) Increases with rise in temperature
The magnitude and direction of th

rature - (d)Does not change with a change in temperature

2 ¢ current in the circult shown witl be

(\\)-5.4 from ato b through e . | -t M|, |
(b)z4 from b 10 @ through ¢ 1oy AV

(€)1 4 from b 10 a through ¢

(d)1 4 from a to b through ¢ 30

o\ - A ¢
Two identical cells send the same current in 2 ohm resistance, whether connected in series or in parallel,
The internal resistance of the cell should be
(@0 (1) 0.5 o/tm (¢) 1.5 ohm (d) 2ohm

Eels are able to generate current with biological cells called ;

clectro plaques. The electro plaques in an cel are arranged in 100+, - e wmenily] o

rows, cach row stretching horizontally nlong the body of the {ish IP_-WWT“_JWW e

containing S000 electro plaques. The arrangement is suggestively |waf{m"m;];,'", bl

shown below. Each electro plaques has an emf of 0.15 ¥ and " 100]rows

internal resistance 0f 0.25 Q

The water surrounding the el
completes a cireuit between the head and its tail, If the water

surrounding it has a resistance of 500 €, the current an cel can
produce in water is about

much resistance must be put in parallel to the resistance S to balance the bridge
(a) 24 ohm (b) %uhm (c) 26.4 ohm  (d)18.7 ohm




1. (b) Density of Cu = 9 x 103kg/m? (mass of | m* of Cu)

"2 6.0 x 10* atoms has a mass =63 x 107 kg

6.0x10%*
. Number of electrons per m”’ are = E%F X9 x10% =85 x 10?8

. . { 1.1 -3
P =0.1x10
Wow drift veloeity == g weery B I0 L 10 (05 10T - O'L m/sec

2. (a) Resistivity of some material is its intrinsic property and is constant at particular temperature,
Resistivity does not depend upon shape.

3. (b) Because as temperature increases, the resistivity increases and hence the relaxation tj
for conductors (‘t =4 -:;)

me decrenses
4, (d) . 10 k v E; 20 )
-’Ww—v-ll—-»—“-f\.

101° 4F
v C

in
< MW

Applying Kirchoff's voltage law
—1Xi+10-4-2%xi-3i=0=>i= 1A(ato b via e)
. v -

. Current = i 5’6—4 = 1.0ampere

5. (d) In series, ih = =E

— —

e
In parallel, I, = =5 = 2E. faes o 26 _ 2E
P » I2 ;r; ) Since iy =i, =

il et A 2N
6.(a) Given problem is the case of mixed grouping of cells

So total current produced i = —E

nr
R+—

m
Here m =100, n=5000, R=500Q
E=0.15V and r=0250

. 5000x0.15 750
i= =—— =154
500+ 5000x0.25 5125
7(c) Reading of voltmeter
E1rz+E2r1
Eeq = ————

ri+4r2

=(18*1+12*2)/(142) = 14 V

Applying Kirchhofflaw, (2+2) = (0.1+0.3+0.2)i = | = -232‘4
Hence potential difference across 4

=2-01 x139=§v (less than 27)

Potential difference across B = 2 — 0.3 % 339- =0

8(a)

9(c) -g- = § (For balancing bridge)
o =X _ 44 1

—
P—

1 1 9 1 1
S TSt =

132
r 4 6

= Dr=—=2640
r 5

ASSERTION & REASON QUESTIONS

Read the assertion and reason carefully to mark the correct option out of the options given below :
(@)If both assertion and reason are true and the reason is the correct explanation of the assertion.
(b)If both assertion and reason are Irue but reason is not the correct explanation of the assertion.
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)If assertion is true but reason is Jalse.
)if the assertion and reason both gre false,

- Assertion: The temperature cocfficient of resistance is positive for metals and negative for p-type

>

o

Reason:V = E — ir whereE=2V,i=§= 1Aand R=1Q ~in
_ R=141 #

. Assertion: The drift velocity of electrons in a metallic wire will decrease, if the temperature of the wire is

. Assertion: The electric bulbs glows immediately when switch is on.

. (d) Resistivity of a semiconductor decreases with the temperature. The atoms of a semiconductor vibrate

. (b) The temperature co-efficient of resistance for metal is positive and that for semiconductor is negative.

.(a)Here,E=zv,1=§=1Aandr=m

. (a) It is clear that electrons move in all directions haphazardly in metals. When an electric field is applied,

. (b) On increasing temperature of wire the kinetic energy of free electrons increase and so they collide more

Assertion: The resistivity of a semiconductor increases with temperature. '

.Rcasor!: T'he atoms of a semiconductor vibrate with larger amplitude at higher temperatures thereby
increasing its resistivity,
Assertion: In a simple battery circuit the point of lowest potential is positive terminal of the battery

Reason: The current flows towards the point of the higher potential as it flows in such a circuit from the
negative to the positive terminal,

semiconductor.

Reason: The effective charge carricrs in metals are negatively charged whereas in p-type semiconductor
they are positively charged.

Assertion: In the following circuit emf is 2/ and internal resistance of the cell is 1 ,@__2’,
Qand R = 1Q, then reading of the voltmeter is 1V, ‘

1

Asscrtion: There is no current in the metals in the absence of clectric field.
Reason: Motion of free electron are randomly.

Asscrtion: Electric appliances with metallic body have three connections, whereas an electric bulb has a
two pin connection. |

Reason: Three pin connections reduce heating of connecting wires.

increased.

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

Reason: The drift velocity of electrons in a metallic wire is very high.
ANSWERS

with larger amplitudes at higher temperatures thereby increasing it's conductivity not resistivity.

(d) It is quite clear that in a battery circuit, the point of lowest potential is the negative terminal of the
battery and the current flows from higher potential to lower potential.

In metals free electrons (negative charge) are charge carriers while in P-type semiconductors, holes
(positive charge) are majority charge carriers.

Therefore, V=E —ir=2-1x1=1V

each free electron acquire a drift velocity. There is a net flow of charge, which constitute current. In the
absence of electric field this is impossible and hence, there is no current.

(c) The metallic body of the electrical appliances is connected to the third pin which is connected to the
earth. This is a safety precaution and avoids eventual electric shock. By doing this the extra charge flowing
through the metallic body is passed to earth and avoid shocks. There is nothing such as reducing of the
heating of connecting wires by three pin connections.

rapidly with each other and hence their drift velocity decreases. Also when temperature increases,
resistivity increase and resistivity is inversely proportional to conductivity of material.




'  we cl circuit, the electric field e, §
8. (c) In a conductor there are large number of free e[ecztrons; wa:;hwe i?:g;on: Hateres poni;g ot
established instantly with the speed of electromagnetxc. wave wfu ca e Thecmet b Bt
the circuit. Due to which the current is set up in the entire circuit instantly. er LR iﬁé |
not wait for the electrons flow from one end of the conductor to the anothier end. }
electric bulb glows immediately when switch is on.

VERY SHORT ANSWER TYPE QUESTIONS e T
1. A cell of emf (E) and internal resistance (r) is connected across a vanabfe: e:_d;rgai rest -5
graphs to show variation of (i) E with R, (ii) Terminal p.d. of thg cell (V) with K.
- Sol. (i) The emf E of a cell is indepenident of external resistance (R}).

; , = |1
(i) The terminal p.d. V = [R =——R = = 2h
On increasing R, V increases. | ;
WhenR =0, V- 0. WhenR=r, V== /L
2 c G —
WhenR - «, V =E.

2. A p.d. of V volts is applied to a conductor of length L and diameter D. How will the drift’ velocity of &

and the resistance of the conductor change when (i) Visdoubled (i) L is halved and (iii} D is hafved, 7
where is each case , the other two factors remain ~ same - Give reason irr each case.

_©eE__ eV _bL_ 1
Sol.Vd—;r—;n—fr and R—p;~p;.;

(1) When V is doubled, V4 becomes double an
(ii) When /is halved, V,; becomes double and R becomes halved

. (iii) When D is halved, V4 remains unchanged and R becomes 4R.
3. A10 V battery of negl

d R remains unchanged.

igible internal resistance is connected across @ v
290 V battery and a resistance of 38 Q. Find the value of the current in t ' :
circuit. .
i
_ E _ 200-10 —t =
Sol. l—mh—m=5A naw Ba
4. The plot of the variation of potential difference across z combination of thres =
identical cells in series, versus current is as shown below. j\
What is the emf of each cell? w‘f[ LY
By

Sol. Let E be emfof each cell and rbe the tota] §

nternal resistance of circuit. The © o
equation of terminal potential difference V=3E—-I.......... AD)
AtV =6V, 1=0. Therefore fromeq (1), 6 =3E—0 = E=2v
5.Write any two factors on which internal resistance of a cell depends.
- Sol. The internal resistance of a cell depends on
(i) distance (1) between electrodes. .
(ii) area (A) of immersed part of electrode, and i \
(iii) nature and concentration of electrolyte. g 3
6. The following graph shows the variation of terminal potential = m——-—:\
difference ¥, across a combination of three cells in series to a AN )
resistor, versus the current, /. T oey
(1) Calculate the emf of each cell and internal resistance

/(i) For what current / will the power dissipation of the circuit be maximum?

Sol (i) Let E be emfof each celland 7 be the total internal resistance of cireuic. The equation of
h—
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 ternbal potential diffoence ¢ w HIF s e (0
i A LA ) 'Yy X AARLERLERERY

f}i‘)\t \?\...\:\: (1} 2 Morefore ftom eq (1), 6 = 415 = 0 = If = 2V

:'ff;‘.‘[")‘ For N cch L g Phetelue W (1) 0 &= 6~ i =3 p = )

) vermasini power lssipatlon, externgl veutstanee () = Enternnl reslstisice (1)
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P LANSWER LY QUESTIONY .
o l}i’ﬂne the ternl ettt veloelty and relaxation e, On e bisls of eloctron dilfi detive ar expressian for
-~ drittvelovlty of tree elections I et of relaxation e, ‘
Sol. DIkt veloelty « Diilt veloelty 1y the nvetape unlforn veloelly sequlred by fres electrons Inslde i et

by the application of an electrle Neld whieh 1 responsible for current dirough It

fag

- Relaxation time (1) ¢ The thine interval butween two sucoosslve cotllslons of
clectons with the posttive fons tn the wetallle Inttlco ls dolined o8 e |

PR et 3 ¥
© o pelaxation tme, e addaii

s g $L (-"l IR
4 o Sy T A 3 . . sig s Msciaoria m
-l metallie gonduum, \lfu free eleotons are In contlnuous rndom motion aavimdis i
due to thermal energy, The net tow of electrons In wny dlrcotlon 18 2000, |, [
Iheretire the avernge veloolty ol electrons Is zero. 1 = 0 Ll

 Inthe preseuce ot external eleetrle feld B the froe eloctron oxporlonces g forco
opposite to the direction of applied fleld,

The electeie foree on olectron I e =gl

The acceleration produced in olectron (e ;’-{ - !:-?.
fl 1

Sinee electrons ave colliding frequently with each other and atoms af metal, therofore they dre accelotaled
only for a short tme interval between two successive collislons (relaxation thne 1),

The average velocity of electrons aller relaxation thue 1,

Vejiddr=y &:a()....?.g..r oy, e _%E’LT

This velocity is called drift velocity, & 0 eees - 5"{-1‘

2, Define the term ‘mobllity’ ol charge carrlers In n current carrylng conductor. Obtaln the telatlon for
i mobility in tevm of reloxation time. .

Sol, Mability : Drift velocity per unit electrle flold Is called mobility of electron ¢, jt = ‘#

| s unitis o :;fm
vd = ¢
§ m -
* ;x=%=ﬁr. le.  [ul==t
| 3. I the ndjoining circuit, the battery Ey has an e, f of 12volt and zero L L @y —
i internal vesistance while the battery £ has an e.m. [ of 2volt. If the l l
galvanometer G reads zero, then the value of the resistonce X fnohm sy Z A1 I
Sol. For no current through galvanometer, we have 2 L
B 12 ” _
Ay =E= (Gh) X =2=2.0=1000

CASE STUDY BASED QUESTIONS
Read the following paragraphs and answer the questions that follow. 5
Whenever an electric current is passed through a conductor, it becomes hot after some time, The

g

2

Rt

T

i

B




i i e source of emf'j
heating effect of current or Joule heating. Thus, the electrical energyt/) sn:gphed by th mf i
. 5
converted into heat. In purely resistive circuit thehenergy et>'<pel:3clieerc]l1 L ;);t L0 | l
i if the circuit has an active () ™

source entirely appears as heat. But if p o T

ied by the source goes to do us
motor, then a part of the energy supplie . . Ao
and the rest appears as heat. Joule’s law of heatlpg form the basns. of :;rsl(:g .
electrical appliances such as electric bulb, electric furnace, electric p

R
L. Alloys used for making standard resistance coils as alloys ;____
(2) have more conductivity

(b) less conductivity .
(c) less temperature coefficient of resistivity
(d) more temperature coefficient of resistivity

Nichrome and copper wires of same length and same radius are con
passed through them. Wire which gets heated up more is

(a) Nichrome (b) copper

() both gets heated up to same values (d) can’t say

A 25 W and 100 W are joined in serjes and connected to the mains. The bulb which wi|| glow
brighter is

(@) 25W as it has high resistance

(€) 25W as it has low resistance

IV, The heat emitted by an iron of 100 W in | minut
(a) 600J (b) 60001 (c) 60

2. When electric field is applied across a conductor th

electric field due to electric force on them. The av

i nected in series, Current I s

I1.

(b) 100 W as it has high resistance

(d) 100 W as it has low resistanc

eis

(d)60000J

en the electrons move in the direction opposite to the
erage velocity with which free electrons get drifted in
inside a conductor is called drift velocity. This motion

ectric field is superimposed on their random motion.

Drift velocity depends on electric field applied, the nature of materia| and temperature. On increasing the

temperature, relaxation time decreases. Hence decrease in relaxation time, due to increase in temperature,
will reduce the drift speed.

. When a potential difference

doubled then the drift velocj
(a) doubled

V be applied across a ¢
ty of electrons gets:

ylindrical conductor of length L and radius R,is
(b) four times

(c) remain same
”ak‘

to the one with smaller diameter then drift v
(a) will decrease

(c) remains same
Two wires each of radius of ¢

elocity of electrons:
(b) will increase

(d) first will increase and after some time decrease

ross section r but of different materials are connected together end to
end (in series). If the densities of charge carriers in the two wires are in the ratio 1:4, the drift
velocity of electrons in the two wires will be in the ratio:

@1l:2 b)2:1 (©)4:1 (d1:4

A current [ flows through a uniform wire of diameter d when the electron drift velm-:ity is v.:IT\e same
- current will flow through a wire of diameter d/2 made of the same material if the drift velocity of the
electrons is

(@/4 (b) v/2

III.
IV.

(c)2v (d) 4v

ANSWERS-
1 (i) c (i) a (iii)a (iv)b
2 M a (i) b (i) ¢ (iv)d

J T .~ S ———
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GIST OF THE CHAPTER

Magnetic field- It is a region of space around a magnet or a curtent carmying
conductor in which it can exent force on other magnetic materials, moving
charges, magnets and current carrying conductor.

A moving charge produces both electric and magnetic field while a stationary
electron produces an electric field only.

S1 Unit of Magnetic field-

The S1 unit of magnetic field is Wm-2 or T (tesla).

If LA current is flowing through a straight conductor and it is kept at right angle to a magnetic field such that
force per unit length on it is INm™ the strength of magnetic field is called one tesla,

- - "
1 tesla (T) = | weber meter-2 (Wbm*Z ) = | newton ampcrt'l meter! (NA*l m-1)
CGS units of magnetic field is called gauss or oersted. | gauss = 107 tesla.

Right hand thumb rule- Hold a conductor is Right Hand in such a way that- thumb hﬂig:cs the dxractm
of current then the curled finger encircling the conductor will give the direction of magnetic field lines
around it.

Biot- Savart law- It states that the magnetic field strength dB produced due to a current element (of current |
and length dl) at a point having position vector r relative to current element is-

= Falldhd) = Eo ldising
dB—“ f od il dB—‘! n

where i, is the permeability of free space,

8 is the angle between current element and position

vector ras shown in the figure.

The direction of magnetic field B is perpendicular

To the plane containing 1dl and r

The value of po= 4x x10-7 W/A-m.

Magnetic ficld due to a current carrying circular loop —
The magnetic field due 1o current carrying circular loop having radius ‘a’.carrying current °I” at a distance
‘x" from the centre of coil is —

Yo I a2

= ——————— | (4.l a, sin® arc constants, fdl = 2wa and r & sin® are
2(a? + x?)32 replaced with measurable and constant values)




perpendicular to the plane of the coil.

ral of magnetic field around any closed loop ( called °

- It states that line integ
imes the current (I) threading

Amperean loop) is equal to Ho-t

thl'OUgh that 100p. Net current passing
/\ theough :ha 'tloood
B ! Amperian loop
fB' l= luolenclosed p/

»

Dw

Amperlan laop /N

{Vlagnctic ficld due to infinitely long straight wire using Ampere's law- Accordingto Ampere’s circuital
aw.

fB'dl = Molenciosed

B (2nr) = pol
_ Mol
2nr

Straight solenoid- At the axis of a long solenoid, carrying current [ , B=po nl, where n=N/L = number of
turns per unit length.

Force on a current-carrying conductor in a uniform magnetic field -B
Magnitude of force is F =1 L Bsino.

Direction of force is normal to and B & 1 ,given by Fleming’s Left Hand Rule. If6=0 (i.e. I or L is parallel
to -B), then the magnetic force is zero.

Force on a moving charge in uniform magnetic field-The force on a charged particle moving with velocity
'V’ in a uniform magnetic field is givenby F = q(# X B) or F = qvb sin®

0 is the angle between velocity(v) and magnetic field(B). Force (F) is perpendicular to both v and B. (i) If v
and B are parallel F=0

(ii)  When v is perpendicular to B, i.e. 8 =90° ' F = qvB i.e F is.maximur_n )
Lorentz force -The total force on a charged particle moving in co-existing electric field — and magnetic
field - is given by F = q [E + (¥ x B)]

This is called the Lorentz force equation.

The direction of this force is determined by using Fleming’s left hand rule




7

ﬁ

g e- Stretch out i that the fore-finger, the central finger

Fleming’s Left Hand Rule- S the fingers in left hand such fore- the ¢

and ﬂmm; ‘ umallymd p;rpendicutllai: to each o%her. When the fore-finger points in the direction of the
arem

magpetic field and the central finger points in the direction ofcurrent then thumb B gt
force acting on the conductor.

Force between two long straight parallel current carrying conductors-

Qi s
i i lif :
Two parallel current camrying conductors attract while they repe J s rl’
cumrent in them is anti-parallel. The magnetic forceper unit length Y AL Y
on either current carrying conductor at separation a is given by =
P R
‘ 141
I 47 r

Definition of ampere: - J ampere is the current which when flowing in each ofthe two parallel wires in
Yacuum separated by 1 m from each other exert g forceof 2 X 10-7N/m on each other.

Torque experienced by a current loop in uniform magnetic field-
AcoﬂoannnsandareaAiscanyingcunem]iskeptin / .
@ magnetic field 25 shown in figure as shown in figure. Force on 0 5
it will be zer0 2nd torque on it will be AT
T=NIBA cosd 173
8 = angle between coil and magnetic field o [
If ® = angle between Normal (7i) 1o coil and magnetic field (B) B
» @+8=90° 50 ie.8=90°.0 —
So r=XNJ4 Beos(90°-P)=NJA Bsing 14 ﬁ. i
T =NIABsin®d *
As 1=MBsind s0 M=NIA \\';“"" )
Invecior form ¥ = NI(4 x B)
Th= unit of magnetic moment in SI system is Am2.
The torque is maximm when the plane of the coil is paralle] 1o the magnetic field and zerowhen the plane of
the coil ispzrpmﬁmzartolbemqnezicﬁeld.

Potential energy of a current loop in a magnetic field-

When a current loopof magnetic moment M is
placed in a2 magnetic field (B), then potential energy of

magnetic dipole is

U=-MBcosd=—M_.B

When8=0, U=-MB (minimum or stzble equilibrium position)
Whena 8 = 180°, U =+MB (maximum or unstable equilibrium position)
When 8 =90°, potential energy is zero

e L ———
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Maving coll galvanometer A moving coll gnlmmnnm% s

a device used to detect § N oo
¢ CLIlowoT current in & efteult, A moving P i
-t oot et ﬁ

ey YN A D

coil galvanometer consists of' n rectangulae coll placed tn L.
an uniform radinl magnetie fleld produced by eylindrieal

poles pleces. Torque on coll due to current
 teNIBA sind
for a radial magnetie fleld sind=] g0 = NIBA
where N is the number of ums, A 1 the aren of coll. 1€ 13 torstonal rigidity of material of suspension wire,
For deflection ®, restoring torque © = € 0, For equilibrium
NIAB=CQ  or 7=COANBA)

Clearly, detlection in galvanometer Is directly proportional to current, so the seale of galvanameter is linear,

¢ fleld- when mdial magnetie field is used the angle between the normal 1o the plane of
field the angular

loop (A) and magnetic fleld (B) @ = 90° for any orlentation of loop, in a radial magnetic

deflection of coil is proportional to the current Nowing through It, ence a linear scale ¢an be used 1o
determine the deflection of coll Le. mensurement of current,
Uses of galvanometer: (i) Used to detecet electric current and direction of its flow in given branch of circult,
(ii) Usedto convert the ammeter by putting a low resistor In patellel. (iif) Used to convent volimeterby
putting a high resistor in series. (iv) Used as ohmmeter by making special arrangement

Current sensitivity: It is defined ns the deflection of coil per unit current flowing in it,
O/l = NBA/C
Voltage sensitivity: It is defined as the deflection of coil per unit potential

®/V =NBA/RC

Conversion of Galvanometer into Ammeter:
a suitably small resistance in parallel with the galvano
is called a shunt.If G is resistance of galvanometer, /g
then for conversion of galvanometer into ammeter of range

- A galvanometer can be converted into an ammeter by using
meter coil, The small resistance connected in parailel
is current in galvanometer for full scale deflection,
Jampere,the shunt required can be found as

IgG=(-1g)S (As'S’ and ‘G’ are parallel combination)

14G
NI b oy
- 7 ‘;",U) \q‘rf 4
{
e AVWYWAR
s
Amme‘ : fér
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Conversion of Galvanometer into Volimeter; - A galvm-mnw!w ,g 1
may be converted into voltmeter by connecting high reslstance () 2, g) Yy il :
in series with the coil of the galvanometer, If' V volt is the range of A P 1T PRT P TTITTION %1 ‘
voltmeter formed, then series resistance is given by \NWVVVV\/ ¥ Qw |

v i .
V="I1R+G) s R=+=G v i

Y

Magnetic moment due to a revolving charge or electron- ‘ e :
A current loop or a revolving charge can be considered ns a magnet, The magnetic moment of such a logp iy

M= qvr/2.
The face from which current flow appears anticlockwise is the north pole of equivalent magnet wiih

magnetic moment M. [.e magnetic moment is outward
If we have a coil having N turns carrying current | having A a5 area of cross=section the magnetic moment js

given by M= NIA

For an electron moving in Hydrogen atom

M=evr/2

As p;; Bohr’s theory of Hydrogen atom L= myr = nh/Zn n= 0,0,234....0000,. Where nis principal quantum
numoer

M=-eL/2m

MULTIPLE CHOICE QUESTIONS

I . 4 s ‘ 46
2;;0‘;" and an aipha particle vith same kinetic energy enters nonmally into a uniform magneti
(B), the ratio of their radii of curvature of their path respectively will be

(a) More than | (b) 1 (c)Lesser than | (d) Dependent on the [B|

2 Ifa galvanometer of resistance Ry is connected with 4 shum of resistance *8’ such that
Re=n.S the ratio of power consumed by Ry and § respectively will be
(@) n? (b)n (c) 1/ (d) 1/

3 s " 3
A galva;rf)meter of can measure cuTent up 1o 200uh. if 4 sesistor of 10£2 is connected across it the
range of it enhances to ImA.If a resistor of 202 is consected in place of 10£2 the yange wil) be

(2) 2mA (6) 0.4mA (c) 0.5mA () 0.6mA

4 Achargeexnershﬁoamﬁfonnmagnakﬁs!dwimaﬂﬁ *E znd leaves it after s i ’"
: <. 78 2nd Jeaves i after some time, The KB,
of the charge while leaving the field will be L

(z) Lesserthen E (B)MorethanE () Equal o E (d) Lesser then or equa

5 Anebctxicﬁs&diszppliedalmgposiﬁve‘{miszndamag;miﬁfxeidalf)ngn&gmiw?/mjs.M
electron moving through this region along positive %-ais will

(2) Move undeflecizd  (b) Deflect towards B (c) Deflectzlong £ (8) Deflect 2panst E

6 A positive charge moves peralie] to flow of curend in 2 Yong straighn wire the charge »ill be
(2) Repeiled by the wire (b) Atracied by the wire

() Unefiected by the wire  (d) Oscillating

“
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7 A particle of mass ‘m’ and charge < e
’ . . . ‘R’ aves1ta
‘S’ as shown time spent by the 8¢ °q’ enters at ‘P’ Into a uniform magnetic field . Fneiie

charge inside the field wil] pe

X X X X
(2) 2m/qB X X m X X
(b) 2m/qB X X KO X X N X X
() 2m/6qB P _
(d) mé/qB

In a moving coil galvanometer the current sensitivity is given by

() NBA/C  (b)C/NBA  (c) NBA/CR (d) NBR/C

The.magnetlc field at a point due to a long straight wire carrying current I is B. A circular loop
carries same current. For same magnetic field at its center the radius of the circular loop shall be

(@ 2a(b)a (c)a2 (d)much more than ‘a’
10 In the shown figure magnetic field at point A will be
Bl mol Hol
@ 4% (b)) 4R () 4R (d) Zero

SOLUTIONS-
1-b  (Vm)/q is same for both and r= (V2mE)/qB
2-¢c PaR'as‘V’is constant ,
3-d Si=LRy/(h-1g) so S1/Sz= (- L) (I Ig)
4-c  F perpendicular to v so no work is done and work done = change in KE =0 and
5-d F=q(vXB) and flemming’s left hand rule
6-b Right hand palm rule and flemming’s left hand rule
7-a T=2mm/qB  arc makes an angle 20 at center so replace 2 by 2 0
8-a equilibrium of deflection needle in galvanometer requires
Co=NIBA so 6/I=NBA/C
9-b compare result for B due to circular loop and long straight wire
10-b B=Bo/2 and Bo= pol/2r for full circle

ASSERTION —REASON QUESTIONS

ASSERTION- The magnetic field at a point due to long straight current carrying wire is inversely
proportional to the of distance

REASON- Magnetic field at a point due to a current element is inversely proportional to the distance

2 ASSERTlON- When a charge moves in a uniform magnetic field its kinetic energy doesn’t change.
REASON-Lorentz force on the charge is normal to velocity at every point.
3 ASSERTION-A current carrying coil in a uniform magnetic field feels maximum torque when it is

kept in the field parallel to its plane

REASON-Torque on a current carrying coil in magnetic field does not depend on the shape of the

coil.




10

-y . il galvanometer is proportional to its voltage
t sensitivity(ls) of a moving col

ASSERTION-The curren

sensitivity(Vs).

REASON- Both are inversely proportional to resistance of the coil

ASSERTION- The magnetic field falls as inverse square with distance as me move from the axis to
the surface of a long Current carrying bar,

REASON-The current density causing the magnetic field is falling as we move from axis to surface
ASSERTION- The magnetic moment of electron in outer orbit of Hydrogen atom is higher

REASON- The kinetic energy of electrons in outer orbit Hydrogen atom is lower
ASSERTION- The resistance of a milli-ammeter is higher than the resistance of an ammeter
REASON- The current sensitivity of an ideal ammeter shall be Zero

ASSERTION-The pole pieces of a moving coil galvanometer are cylindrical.

REASON- The magnetic field in a moving coil galvanometer shall be radial in nature
ASSERTION-A charge fired at oblique incidence in magnetic field moves along a helical path such
that axis of helix and magnetic field are at right angle.

REASON-The radius and pitch of helix is independent of angle of projection with

respect to the magnetic field

ASSERTION- A current carrying wire in magnetic field experiences a force
REASON- A charge moving in magnetic field experience a Loretz force
SOLUTIONS

2-a  3-p 44 5S¢ 6b 7-¢ 8a 9-d 10-a

SHORT ANSWER (2 MARKS)
An insulated circular loop carrying current is
current is kept on it parallel 1o the diameter.

placed on a table and a light straight long wire carrying
Can the wire be pushed up by loop? Explain

Can a magnetic monopole exist in nature? Give reason
Write the Expression for magnetic field in a long solenoid. Draw the magnetic field for a solenoid
having finite length. What is the ratio of magnetic field near the end and wel| inside it.

An arc of a circle of radius 10cm subtends angle 60° at its center. Find the magnetic field at the
center if current in arc is 30A

A positive charge ‘q’ moves along X- axis with a speed *v'. if largest Lorentz’s force *F* on it dye to
uniform magnetic field ‘B’ is along -Z axis. Find the magnitude and direction of magnetic field.
The velocity of a charge fired into a magnetic field normally is doubled. How would this effect the
frequency of motion and curvature of path foll

owed by the charge in magnetic field? Explain

—




7 A charge 1s moving in magnetic field in a circular orbit. Give the expression for its KE in terms of

applicd.cxternal magnetic field. How would the Kinetic energy be affected if it is made to move ina
magnetic field of double the strength ? Explain.

8 A long §°l°“_°id has a'magnetic field of 0.25T inside it. If a bar of magnetic susceptibility 5is
inserted into it what will be the magnetic flux density inside it?

9  The tgrs}onal constant of the hair spring in MCG is increased what will be the affect on voltage.
sensitivity of it due 1o this? Give reason.

10 A proton, ncutron electron and alpha particle enters normally into a magnetic ficld of uniform nature
with same momentum dirccted into the planc of paper. Draw suitable diagram to indicate their paths.

SOLUTION
1-No Lorentz force is parallel to wire for all cases

1. No, A loop having clockwise current from one side will appear anticlockwise from other face of it
3.3 = ponl and near ends it is halved , usual figure from NCERT
3- B= pol0/4nr where 0 in radians only, 3.14 103 T

5. -y axis and B=F/gB (usc Lorentz force in vector form)

6- No change ‘{” doesn’t depend on speed

7-KE = (qBr)’/Zm » No change because change of B affects r in inverse ratio
§- =1 +Xw=06 so B=0.25x6=1.5T

9-V.S.=0/V=NBA/CR  Crises V.S. decreases

Conceptually stiff hair spring will not allow the needle to move if
voltage is low i.e Voltage sensitivity has decreased.

10- r=p/qB, neutron goes

-
-

-‘
N om om

:ﬂ

%

SHORT ANSWER (3 MARKS)

1- A square loop of side ‘a’ is kept near a long charged
wire in a plane such that a side of it is parallel to

A g

the wire (kept in same plane) at a distance ‘a’ from it.

Find the force on the wire due to the loop. If

Current in wire is 1, and in loop is I2in clockwise

direction

2- In a region of crossed electric (E) and magnetic(B)
fields many particles of same mass but charge .

(positive, negative or neutral) are fired into a direction

normal to both E and B with their velocity in the
range 5m/s to 500m/s as shown in the figure

.if E is 80v/m and B is 0.4T which of these can pass through the region without any deflection?




Draw figure to show path of positive and negative charged particles moving with 40m/s and 4g, i
respectively

: aralep bp? H 1 1)
3 Two electrons are moving along parallel lines scpflm.tud by r with (rl) :v),f:‘n1f.n
force on an electron due to other will be more (a)in its own frame of refere
ground, Give reason

speed (v) , I Which ¢,
ce (b) with respogy ¢, the
Show that the magnetic field at the center is zero irrespective

of the resistance of circular loop and irrespective of the angle made by A - ’!
arc ABat 0O’ :

5 Use ampere’s circuital law to find magnetic field due to along straight
wire. Can we use it if wire is finite? Give reason

6 What is a radial magnetic field? Why do we need it in moving coil galvanometer?
Changing current sensitivity of a moving coil galvanometer may or may not affect its voltage
sensitivity. Explain
7 A cube ABCDEFGH is kept in a uniform magnetic A 5 B
ficld Bo shown. Determine the direction of force on A G 3 H
<
each side. Which side(s) will experience minimum force? v
C > D V)
S~
F—>—F
8

The resistance of galvanometer is Rg and its full scale deflectio

luse of resistance ‘R’ is joined with it.To convert it 1o an amme

correct way (a) or (b)? If he/she connects *S’? the wrong way w}
device.

ncurrent is 1g, For safely purpose a
ter of suitable range which is the
nat will be the new range of the

Fuse(R)
P V]

(a) connect 'S’ between P and Q
(b) Connect 'S' between P and M

SOLUTIONS 3 MARKS

F_ Idozhlzll__j,]
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F__ | STV LR L 4
or SRR 1 attractive

5. forno deflection qE =qvB
v = E/B =200 m/s these will go undeflecteq
For v< 200m/s C]E >qvB

positive particle deflects along E field and negative particles deflect against electric field.

Forv>200m/s  qE <qVvB positive particle deflects against E field and negative particles deflect along
E field.

3.In Earth Frar.ne of reference electron experiences electric and magnetic force both. These forces will be in
opposite direction and for electron’s frame of reference (F O R) there is only one force electric force .

Hence in earth F.O.R. lesser force.

4. Let current splits and 1y goes in smaller arc and I-1; in bigger arc such that
Vsmall are = Vbig arc

LR1= 2Rz

“

liply _ lapls

A4
Illl = Izlz

|
B, = Boly

Now inr

Il

B, = LZon_g)

ianr

Heree = -?- and2n — 0 = L:
Using in By and B, we get

LW =L,

Therefore B1= B2
ie.Bi-B2=0

5. $B.dl = pol

B 2ar = #ol

— kol
8= 2nr

No, as the symmetry condition is violated for any general point near the wire of finite length violated. -

6. B parallel to plane of the coil is called radial magnetic field.

So that torque @ current
Vs =NBA/CR
Is=NBA/C

——




2. for no deflection qQE =qvB

v =E/B =200 m/s these wij| 0 undeflecteq
For v<200m/s  qE > qvB

positive particle deflects along E field ang negative

For v>200m/s

. particles deflect against electric field.
For qE <qvB positive particle deflect
ield.

Sagainst E field and negative particles deflect along

-

3. In Earth Frame of re
te direction and
¢ of reference (F O R) there is only one force electric force .

Hence in earth F.O.R. lesser force,

4. Let current splits and 11 goes in smaller arc and I-1; in bigger arc such that
Vsmallare = Vbig arc

LiR1= 2Ra _ \

Liply _ pls _
.| p |

Ly =1,

_ kol
Now B, = in r o

= Wb
Bz-—- _mr(er 9)

~—

= it —g= "
Herea_ = and2r — 6 = .

Using in B) and B, we get
Illl = Izlz
Therefore B1= B3

ie.Bi—B;=0
5. 558d1= AUOI
B 2nr = tol
_ kol
B = 2nr

No, as the symmetry condition is violated for any general point near the wire of finite length violated. -
6. B parallel to plane of the coil is called radial magneti_c field.

So that torque & current

Vs=NBA/CR

Is=NBA/C
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nolylaa
Or Tt & attractive

5. forno deflection qE =qvB

v=E/B =200 m/s these will go undeflecteq
For v<200m/s qE>qvB

positive particle deflects along E field and negative particles deflect against electric field.

For v>200m/s  qE <qvB positive particle deflects against E field and negative particles deflect along
£ field.

3.In Earth Fral.ne of reference electron experiences electric and magnetic force both, These forces will be in
opposite direction and for electron’s frame of reference (F O R) there is only one force electric force .
Hence in earth F.O.R. lesser force.

4. Let current splits and 1y goes in smaller arc and I-1; in bigger arc such that

Vsmattare = Vbigare

v

hRi= Rz
Ity _ Ity :
A a
LUy =10
woly

Now By = in r

=h _g=1
Herea— : and 2w — 8 = -

Using in B, and B3, we get
Ly =1l

Therefore B1= B>
1.e.BI—B;=0

5. $B.dl= pol

B 2nr = Hol

g = ol
2nr

No, as the symmetry éondition is violated for any general point near the wire of finite length violated.
6. B parallel to plane of the coil is called radial magnetic field.

So that torque & current

Vs =NBA/CR

Is=NBA/C




polil2a

—

or F= " attractive

»  for no deflection gE =qvB

v = E/B =200 m/s these will go undeflected
For v< 200m/s qE>qvB

positive particle deflects along E field and negative particles deflect against electric field.

Forv>200m/s  qE <qvB positive particle deflects against E ficld and negative particles deflect along
E field.

3. In Earth Frame of reference electron experiences electric and magnetic force both. These forces will be in
opposite direction and for electron’s frame of reference (F O R) there is only one force electric force .

Hence in earth F.O.R. lesser force.

4. Let current splits and 1; goes in smaller arc and I-1; in bigger arc such that
Vamallare = Vigare ’
LRi= 2R2

Iiply _ bopls _
A A

I =hh

!
B, = =219

Now inr

Iz

=" and2n— 0= 2
T r

Here
Using in By and Bz, we get
LWy =1l

Therefore B1= B2
ie.Bj—B,=0

5. $B.dl= pol

B 2nr = Mol

No, as the symmetry condition is violated for any general point near the wire of finite length violated. *
6. B parallel to plane of the coil is called radial magnetic field.
So that torque @ current

Vs=NBA/CR
Is=NBA/C




e

= polilaa

Ot 1 attractive
5. forno deflection qE =qvB
v = E/B = 200 m/s these will go undeflected
For v<200m/s  qE>qvB

positive particle deflects along E field and negative particles deflect against electric field.

Forv>200m/s  qE <qvB positive particle deflects against E field and negative particles deflect along
E field.

3. In Earth Frame of reference electron experiences electric and magnetic force both. These forces will be in
opposite giirection and for electron’s frame of reference (F O R) there is only one force electric force .

Hence in earth F.O.R. lesser force.

4. Let current splits and 1y goes in smaller arc and I-1, in bigger arc such that
Vsmallace = Vbigarc
hRi= R2

B, = 22(2r—6)

in r

H f = " and2n- 6= h
ere T r

Using in By and Ba, we get
LWy =1

Therefore B1= B2
ie.B1—B2=0

5. $B.dl= pol

B 2nr = Hol

= kol

2nr

No, as the symmetry condition is violated for any general point near the wire of finite length violated. *

6. B parallel to plane of the coil is called radial magnetic field.

So that torque & current
Vs =NBA/CR
Is=NBA/C
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polylz0
or ' 4 altractive

5, forno deflection gE = qvB
v = E/B = 200 m/s these will go undeflected
For v<200m/s  qE> qvB
positive particle deflects along B ﬁc!q and negative particles deflect against electric ficld.

For v>200m/s  qE <qvB positive particle deflects against E ficld and negative particles deflect along
E field.

3. In Earth Frame of reference electron experiences electric and magnetic force both, These forces will be in

opposite direction and for electron’s frame of reference (F O R) there is only one force electric force .
Hence in earth F.O.R. lesser force,

4, Let current splits and Iy goes in smaller arc and I-I, in bigger arc such that

Vimallare = Vbigarc
IiRi - 12R2

Here
Using in By and B3, we get
L =1,
Therefore B;= B2
ie.Bi-B2=0
5. $B.dl= pql

B 2nr = fol

= k!
B= 2nr

No, as the symmetry condition is violate

6. B parallel to plane of the coil is called radial magnetic field.

So that torque & current
Vs=NBA/CR
Is=NBA/C

0= h and2n — 0= h
T r

L

d for any general point near the wire of finite length violated. -




(i) If N rises both rises.
(ii) IF R rises V.S. falls but C.S. does not change.
So it depends on how change is brought about.

1.Fas= Fou=Fie=Fcp=0 (0=0")
Fac=Fon = Fug = Fep = +k
Fas =Fag = Fap = Fsp = +j

8. correct way is to join ‘S’ between PQ

= lofy Fg
=iy o 1= 14 (_5-+ 1))

Range becomes I when joined *S’ across ‘PO’
When S is connected the wrong way i.e. between PM

1,(R,+ R)
S= 429 7
If L=i,

[ = 19 [1+R;’- Rq]

LONG ANSWER (5 MARKS)

State Biot-Savart’s law. Express it in vector form. Find the magnetic field at the mid-point if yzp

I4 2
7@-“-@;

2 Draw the diagram of a moving coil galvanometer. Give its principle.

between the coils is 2a having N turns each.(see figure) Draw
graph to show variation of B with distance between the coils.

A student needs to perform an experiment on OHM’s law but he was given tvo galvznometers zod
variable resistors of all possible values along with a multireter,

How would he be able to perform his task? Give the formula he should use to find the value of
variable resistors to be used and draw relevant circuits to show the modifications to be undertzken by
him

Two ammeters X and Y has resistance of 50 ohm and &0ohm if same current is sent in them which of
two will show a greater deflection? Explain

Show that a current carrying coil in magnetic field expeﬁen?es a torque. Hence find the czg;)m;mn
for magnetic moment of the coil? Does the torque on the coil depend on the shape of the coil?
Derive the formula for Force per unit length between two long straight parallel wires. Define one

ampere using your result.

A rectangular coil of size 40cm x 50 cm having 500 tums is carrying current of SA. !: li{h’f‘ e
uniform magnetic of 0.2T field making an angle of 60" from the plane of coil. Find the farce an

~ torque on the coil.
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Figure shows a meta] by, of length ‘L’ ang Mass ‘m* in
' L

equilibrium in the plane of Paper when a uniform
magnetic field

B’ acting outward from the plane of paper.
Find the magnitude of tension in e

ach wire,

(2) What will be the tension in each wire ifmagnctic ficld is turned inward?

b) The unifo ie Gl ;
(b) 115 bac Wizll?;\lagneuc field is made 1o rotate about an axis in the plane of paper perpendicular to
onstant angular velocity w, Draw a graph to show the rate of change of tension

ANSWERS TO LONG ANSWER TYPES QUESTIONS:

1. B=B1+ Bz

B - _Jll 21‘(”’11‘}
l 4“ 2 249 3 ”

where Pyru') similarly Bs can be written

so total B = B, - B as they act opposite to each other

Ye

/\

\;
-a +a

V4
AY

2. He will calculate Shunt / resistor Required

S = ’9R9
I—Ig

Low ‘S’ in parallel to make ammeter

High ‘S’ in series to make voltmeter S=(V/Ig)-R

S

VVVVVY VY

. . ok

S [<<Sz

50Q will show higher deflection as it is closer to ideal behavior of an ammeter.

E

| = ———

Re+Rg . Where Rc = Circuit Resistance
3. T= NIABsinf or mBsinf = NIBAsind

Orm = NIA, No
F w2l

4-I= —_—

in r

I ——T TR,




; iy —7 3
| - L : : vy —=2xI07°N/m
Defioiton of 1A i h=b=lAr=ImtenFL=23¢ /

Wlosas (when B & cutwands) ——————eq (1)

-
£
il
¥
o7
r

W ating kwards 2T =mg - [BL sind

x E— Q= It~ s &
Oybyeg(i) & - T ISNSU—_ IBLo coset

X
=i
Tl /’\ Iy Iz "y g%
\ E 7 rd LI 3
. A (3 %

(WARY

SQURCE BASED QUESTIONS ¢4 - MARKS)
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(a)lf and only if 0 + ¢ = 1800

(b) Ifand only if 6 + ¢ = ggo
(c) Along the direction of magnetic field

(d)Normal to the dircction of magnetic field

2 A moving coil galvanometer (MCG) is

Jfter suitable external modification, 1y Pmcuca;‘cparcnt device that can work as an ammeter or voltmeter
: ) ases a galvanomet fi
hundred RA and voltage upto few mV so h er can measure current only upto few
” ¢y are not much

© 1wo resistors tha . i A useful for measurements. Ry and Rz (Ry <Ra1)
are two Fesistors that are available for modifying a galvanometer into an ammeter or vol.tmeter :
" ’ ; v
()  Whenagalvanometer is converted 10 o voltmeter its voltage sensitivity is

o
(njDecreased (b)Doesn’t change
¢) Increased g
© (d) May increase or decrease as per the value of Rz

OR

To convert MCG to a voltmeter of suitable range we must use

(a) Ruinseries  (b) Rz in series (c) Ry in parallel (d) R; in parallel
(i)A voltmeter with higher resistance but same range will show
(a)Greater deflection and lower voltage sensitivity (b)Lesser deflection and higher voltage sensitivity
(c) Greater deflection and higher voltage sensitivity (d) Lesser deflection and lesser voltage sensitivity
(ii))A student argues even if we modify an MCG into an ammeter of range 0 to I it never knows about the
modification done. The current I (1 >Ig) isn’t passing through the galvanometer. Galvanometer is still
permitting Ig current and the extra current (I-lg) is not passing through the galvanometer in reality so the

deflection is not a true measurement of current sent into the system. The best logic that can resolve the issue
is - Student’s argument is

(a) incorrect as current sensitivity is constant
(b) incorrect as network has a lower resistance than before
(c) correct and the device is merely calibrated after modification
(d) Correct as voltage sensitivity of it increases proportionally.
(iv) A galvanometer is converted to an ammeter of range 1, using Si and I> using Sz. If S1 = xR, and S; =
YR, the ratio of Iy and 2 will be

(@) xly (b) y/x (©) y(I+V[x(1+y)] (d) y(1-x)[(x(1-y)]

SOLUTIONS-
Case Study: .
L (i) (a) (i) (c) (iii) (d) (iv) (b) or (c)

2. (i)(c) (ii) (c) (i) (@) or () (V) (a)




CHAVIER 5: MACKETISM ARD MASTER

Magnetism- Magnetism is the study of with the propetties siiggnds and tnagneic
maserials along with their behavior and propesties, The Farth fself sets live 4 giam
magnet. With the development of atomic siences we have come 1o Ynow that
magnetic effects are duz 1 moving charges or edectrons W was discovered tha
Some malerials in nature bes 2 matursl ability to attract iron towards #, These

m%miz are called netural mognets, These were used snainly for nuvigation in
ezrlier times,
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GIST OF THE CHAPTER
Magnetism- Magnetism is the study of the properties of magnets and magnetic materials along with their
behavior and properties. The Earth jtself acts like a giant magnet. With the development of atomic sciences
we have come m know that magnetic effects are due to moving charges or electrons. It was discovercd that
some materials in nature has a natural ability 10 attract iron towards it. These materials are called natural
magnets. These were used mainly for navigation in earlier times.

Bar magnet- Natural magnets can be mould into various shapes

like bars, cylinder, horse-shoe etc.for different purposes. N SJ

Bar is just one such shape. Such magnets are called bar magnets.

So we can say that a bar magnet isa rectangular piece of an object, N S
made of ferromagnetic substances, that shows permanent magnetic N S

properties. It has two poles - North and South. These poles are always

in pairs even if we keep splitting the magnet into smaller and smaller
parts

Magnetic field- The region of space around a magnet
in which it can influence other magnets is called its
magnetic ficld. Magnetic field is represented by closed

continuous curves called magnetic field lines.

A tangent at any point on magnetic field line gives the
direction of magnetic field at that point. These curves are called magnetic field lines.

Magnetic field lines of a bar magnet appear to emanate from North pole and enter into its south pole but

forms complete loop (considering them inside the magnet too).Inside the magnet their direction is from S
pole to N- pole while outside its N-pole to S-pole

( js icli g as f¢
Magnetic field lines emerge from the north pole and merge at the south pole.
As the distance between the poles increases, the density of magnetic lines decreases.

The direction of field lines inside the magnet is from the South Pole to the NorthPole. Magnetic lines do not
intersect with each other. The strength of the magnetic lines is the same throughout and is proportionalto
how close are the lines.

Magnetic dipole- A magnetic system like a bar magnet is essentially a magnetic dipole as its poles are not
separable.

Magnetic dipole moment- It is a vector quantity having magnitude m x / where m is pole strength of each
pole of magnet and / is effective length of the magnet. It is directed from South pole towards North pole of
magnet

IM|=mx/, S1 unit of M and m are Am™ and Am"' respectively
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* Magnetic field on equatorial line:

Key Points:

. B it is magnetic induction or magnetic flux density

. H = magnetizing force or intensity of magnetizing field

. B = uH for a material medium for vacuum Bo = poH

* B/ Bs = p/ po = yi, is called relative magnetic permeability

‘I' is called intensity of magnetization it is equal to magnetic moment developed per unit volume in
the sample. [ = M/V Slunitof lis A/m

. Magnetic susceptibility () — Ratio of intensity of magnetization (1) and intensity of magnetizing
ficld (H) is called magnetic susceptibility. It has no units
. 1= pa (14 xm)

* Magnetic field lines emerge from the North pole and enter the South pole. But they completes their loop
inside the magnet.
*  Magnetic dipole moment (M): M=m x 2|  (direction is from S pole to N pole)

‘1m
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B =(po/4m) x M/ 1) e - r —i

*  Magnetic field on axial line; m |: “
-- ,--o -

B and M are parallel

i, wine

B = (po/ 4m) x (M / 1)
B and M are anti-parallel

Torque on a Magnetic Dipole: =M x B suchthat t=MB sind

Potential Energy: U=-M.B  or U=-MBcos0

Work done to rotate a magnet in magnetic field

W =-MB (cos62 — cos0;)

Gauss Law of Magnetism essentially states that the magnetic flux through a closed surface/loopis zero. i.e.
§§t_is_' =0 It means magnetic monopoles do not exist in nature
A bar magnet of magnetic moment M is equivalent to a coil of magnetic moment NIA

Magnetic moment of charge moving in a circle is M= qvr/2
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Key Points:

~ Gauss Law of Magnetism essentially states th

B it is magnetic induction or magnetic flux density

1 = magnetizing force or intensity of magnetizing ficld

B = uH for a material medium for vacuum By = potl

B/ Bo = p/ po = i is called relative magnetic permeability

1" is called intensity of magnetization it is equal to magnetic moment developed pe
the sample. 1= MV S1unit of 1is A/m
Magnetic susceplibility (xw) = Ratio of int
field (H) is called magnetic susceptibility,
B po (14 xm)

Magnetic ficld lines ¢merge from the North pole and enter the South pole. But they completes their loap
inside the magnet,

r unit volume in

ensity of magnetization (1) and intensity of magnetizing
It has no units

Magnetic dipole moment (MEM=m 2l (direction is from S pole 10 N pole)

Magnetic field on axial line;
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B = (uo/ 4m) x (2M/ 1) " r "
B and M are parallel
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Magnetic field on €quatorial line: :
B=(po/ 4m) x (M / ) n, W
B and M are anti-paralle]
[ ]
3 S N
Torque ona Magnetic Dipole: v = M x B such that

T=MB sind
Potential Energy: U=-M.B ory= -MBcos0

Work done to rotate a magnet in magnetic field
W= -MB (cos6; - cos0))

at the magnetic flux through
éﬁ.-ﬂ? =0 Itmeans magnetic monopoles do not exist in nature

A bar magnet of magnetic moment M is ¢
Magnetic moment of charge moving ina

aclosed surfaceloopis zero. e,

quivalent to a coil of mMagnetic moment N1A
circle is M= qvr/2




