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101 - FORCE ON A CURRENT-CARRYING CONDUCTOR IN' A
g UNIFORM MAGNETIC FIELD

What happens when a current-carrying conductor is placed in a magnetic field?
 S— ﬁ

When a conductor that carries an electric current is placed in a magnetic field, it experiences
a force. ,
Cause of force
Just like two magnets push or pull each other through their magnetic fields, a current-
carrying conductor feels a force because its own magnetic field interacts with the external
magnetic field
Direction of the force
The magnetic field created by the current in the conductor and the external magnetic field
either strengthen each other on one side of the conductor or oppose each other on the other
side. This makes the conductor move towards the side where the combined magnetic field is
weaker, The force is always perpendicular to both the conductor and the magnetic field.
FLEMING'S LEFT-HAND RULE
Fleming's Left-Hand Rule helps to find the direction of the force on a current-carrying
conductor in a magnetic field.

To apply the rule: We position our left hand so that our first finger pomnts in the " -
direction of the magnetic field, our second finger points in the direction of the current, .=
and our thumb will then point m the direction of the force. | ’ Clraes
FLEMING'S RIGHT HAND RULE:; i i

Can the Right-Hand Rule also determine the direction of force?

Yes, we can also use a right-hand rule: F

To apply the rule: We curl fingers of our right hand from the direction of the r Lsin®
current to the direction of the magnetic field (through the smaller angle), and our T
stretched thumb will indicate the direction of the force
Factors effecting the force

The magnitude of the force (F) acting on the conductor is directly proportional to: 0 L

1. The curr¢nt (1) in the conductor.,

2. The length (L) of the conductor. ¥

3. The strength of the external magnetic field (B), also known as magnetic Lsind
induction. Fig. 10.4

Formula for the force on a current-carrying conductor
The force (F) on a conductor of length L, carrying current I, and placed
perpendicular to a magnetic field of strength B, is gi\Zn by: 4 l"'""'"""‘:"’mm

F=BIL (Equation 10.1) il
If the conductor is placed at an angle 0 with respect to the magnetic field, we use
the component of L perpendicular to B, which is L Sin0. "N =
So, the formula becomes:

= =
The Earth s magretc fekd s

F=BIL Sin0
In vector form, this is: et e s
mmnmmw':
\owvarda B Mﬂﬂo.
north megnetic pole s tawaréy
gengreplac sout [ese

(Equation 10.2)

F=l(LxB) (Equation103)

\aximum and Minimum Force:
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vhen is the force maximum and whén is it zero?

o The force is maximum (BIL) when the conduclor is perpendicular to the field (i.e., 0=90s, since sin90==1)

o The force is zero when the conductor is parallel to the field (i.e., 0=0s, since sin0s=0).

_— e e ——
What is magnetic strength (magnelic induction) and its unit?

MAGNETIC INDUCTION
Magnetic strength (B3) is numerically equal to the force exerted on a conductor of length one meter carrying one
ampere current, when placed perpendicular to the magnetic field.
from F=BIL, we get B = F/(IL).
The Sl unit of B is tesla (T),
1T=1 NAITm!
Magnetic induction is a veclor quantity, and its direction is the same as that of the magnetc field.
TESLA:
A magnetic induction is said to be one tesla if it exerts a force of one Newlon on one meter length of the
conductor placed at right angles to the field when a current of one ampere passes through the conductor.
i.e.  IT=INA"'m?
Other Unit Of Magnetic Induction:
The magnetic induction is also expressed i smaller unit Gauss (G) that is related with tesla as;
IMG=1T
or 1G=10"T

n Explain the principle of extension of right hand rule? SWL 2021 LHR 2021

EXTENSION OF RIGHT HAND RULE: (PALM RULE) .
According to this rule, the right hand is extended so those if the current ‘I’

flowing in conductor is along thumb, the external magnetic field B along
fingers. Then force will be along the normal to palm of nght hand.
INTERESTING INFORMATION: EARTH'S MAGNETIC FIELD

The Earth's magnetic field is like that of a bar magnet. The south magnelic pole
of this "fictitious" bar magnet is near the Earth's geographic North Pole, and the
north magnetic pole is near the geographic South Pole.

MULTIPLE CHOICE QUESTIONS

[' A :u:c;!-can'ying conductor is placed in a uniform magnetic field. The force on the conductor i:.'i
| maximum when the conductor is: :
| (a) Parallel to the magnetic field. (b) Perpendicular to the magnetic field |
! () Atan angle of 45° to the magnetic field () Moving with the magnetic field '
| Answer: (b) Perpendicular to the magneltic ficld. |
' Explanation: The formula for the force 1s F = BlLsin0. The force 15 maximum when sind = 1, which occurs when
'I]ﬂm- (perpendicular) !
| i@ Fleming's Left-Hand Rule is used to determine the direction of: |
' (a) Magnetic field around a current-carrying wire '
| (b) Current induced In a conductor 1
i {c) Force on a current-carrying conduclor in a magnetic field ?
o . JiMagnetic ik, o o e s T =N

—? [
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: Explanation: Fleming's Left-Hand Rule specifically relates the directions of the magnetic field, current, ang the !
! resulting force on a conductor.

|* The S1 unit of magnetic induction (magnetic field sirength) is:

' (a) Weber (WD) (b) Tesla (T) (c) Ampere (A)
| Answer: (b) Tesla (T)

+ Explanation: Tesla (1) 1s the STunit for magnetic field strength or magnetic flux density. It is equivalent to N Aty
la If a current-carrying conductor is placed parallel to a uniform magnetic field, the force acting on it wjj)
; be:
| (a) Maximum (b) Half of maximum (c) Zero (d) Varable
i Answer: (¢) Zuro
'
|
L}
|

(d) Newton (N)

Explanation: When the conductor is parallel to the field, 0=0, and sin0"=0. Thus, F=BILsin0+=0
. The force on a current-carrying conducltor in a magnetic field is always perpendicular to:
(a) Only the magnetic field. (b) Only the direction of current. () Both the conductor and the magney,
field. (d) The plane containing the conductor and the magnetic field |
' Answer: (<) Both the conductor and the magnetic field i
Explanation: The force F 1s given by the cross product I(LxB), meaning it 1s perpendicular to both the lcng:}.l
veclor (dlm:t_13n of current) and the magnetic field vector !

e e e e e e m e e e e e e e e = o

SLO BASED ;l'-lORT QUESTIONS & ANSWERS

s o e " g A 2 A g
le.

o State Fleming's Left-Hand Ru
Ans:  Position your left hand such that the first finger points in the direction of the magnetic field, the second !
finger points in the direction of current, and then your thumb will indicate the direction of the force
. Whal factors influence the magnitude of the force on a current-carrying conductor in a magnetic field? |
Ans:  The magnitude of the force is directly proportional to the current (I) in the conductor, the length (L) of Ilu.-!
conductor, the strength of the magnetc field (B), and the sine of the angle (sin0) between the conduclnrl
and the magnetic field F = BIL Sin0 '
. Define 1 Tesla (T) in terms of force, current, and length. |
Ans: 1 Tesla (T) 1s defined as the magnetic field strength (or magnetic induction) that exerts a force of 1!
Newton on a conductor of 1 meter length carrying 1 Ampere current, when placed perpendicular to the
magnetic field. - :
When is the force on a current-carrying conductor in a magnetic field zero? !
Ans.  The force on a current-carrying conductor in a magnetic field is zero when the conductor is placed |
parallel to the direction of the magnetic field (0 = 0s) \
Describe how the magnetic field produced by a current-carrying wire interacts with an external |
uniform magnetic field to produce a force on the wire. '
Ans:  The magnetic field produced by the current-carrying wire remforces the external magnetic field on one |
side of the wire and opposes it on the other side. This creates a region of stronger field and a region of !

weaker field, causing the wire to be pushed from the stronger field region toywards the weaker I'leld!
region

102 MAGNETIC FLUX AND FLUX DENSITY
R R R R . ..
n How is the strength of a magnetic field represented?

o |

The strength of a magnetic field (B) can be shown by lines of force, similar to how electric fields are
represented
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,\[;\GNI-.'I'I(' FLUX (®g)?
pagnelic flux through an area (A) 1s the number of magnetic lines of fora
\3ssing through that arca
|f Surface is Perpendicular to Magnetic Field
If B represents the number of hines per urut area passing through a surtace
rpcndimlulf to the field, then the total flux (dg) through arca A
F,L.rpcndjmlar to the field will be
B=do/A (Equation 10.4)
[hismeans  ¢u= BA.
1§ Surface is not Perpendicular to Magnetic field
i the normal to the surface makes an angle 0 with the magnetic field B, then
we will have to use the component of B along the vector area A, which 1s B
cost)
The magnetic fluxis then
¢u=BAcosd (Equation10.5) ,
MAGNETIC FLUX IN TERMS OF VECTORS

since both Band A are vectors, magnetic flux can be defined as the dot product of

- o S————
ﬂBI‘Id A .

du=B A (Equation 10.6) oz .
This shows that g is a scalar quantity (it only has magnitude, no s
direction) Here, A is a vector whose magnitude is the arca, and its direction 1s A
along the normal (perpendicular) to the surface. 0 1s the angle between the ———————

. = =

directions of vectors B and A l/ //
When-is magnetic flux maximum and when is it zero? i + _

¢ Maximum Flux: When the magnetic ficld is directed along the normal to
the area (0=00), cos0s=1, and the flux is maximum, equal to BA

e Zero Flux: When the magnetic field is parallel to the plane of the area
(0=90¢), cos90==0, and the flux through the area 1s zero,

(L]

How is magnetic flux calculated for a curved surface?

MAGNETIC FLUS FOR A CURVED SURFACE:
for a curved surface in a uniform magnetic field, the surface is dwvided into many small elements, each assumed to be
flat. The total flux is found by adding up the contributions from all these small elements using Equation
0y = ZB.AA
What is the unit of magnetic flux and magnetic flux density?
®  The unit ot magnetic flux (¢e) is N m A1, which is called weber (Wb)
* Magnetc induction (B) is defined as lux per unit area of a surface perpendicular to 13, so it is also called
magnetic flux density
® Its unit is Wb m-? Therefore, magnetic induction/magnetic field strength is measured in Wb m-? or N
Ao ! (tesla)

FLUX DENSITY: .

The magnetic flux per unit area placed at right angle to the field is called flux density.

Consider a surface of vector area A placed perpendicular to the magnetic field B Thus magnetic flux through
the surface is; '

b, = B.A = BACos0"
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Lo the magnetie imduction Bis the flax pee unit ana of a surface perpeadicular to B. henoe it is also called o

an densaly

MULTIPLE CHOICE QUESTIONS

““"“_"'_"“_""-'"'-""_““""“"-'-_“"-"_""""‘_"-—“'-_-_-_--"_""-—-.
I~ Magnetic oy is defined ax
\ (a) The streagth of the magneie held
| (B The number of magnets lines of torce passing through a given area
¥ ) The forve exertend on a umit current () The densrty of magnet lines
| Answer (1) The noember of magnets bioes of force passing throagh a gwen anca
Explamation: Magnetss tlax (@) s a mwasure of the total number of magnetss teld lines passing through a speaisic

L G AR
. The 81 uait of magnetic Max is
@) Tesla (M A Weber (WY () Heary (H) (d) Ampere (\)

Answers (B W eber (WY BExplanation: The Weber (W o the S unit hor magnetx Moy aquivalent to Tm-or N m At

. Alagnetic Tox through a surface is mavisum when the normal to the surface is
) Paraliel b the mvagoets fnchl (M1 r'[\'ndl\‘u].lr to the magnet beld
W ALam angle of 457 o thwe magnetc beld () In the dinxtion of ¢urrent

Arvwwwers (ad Paraticl to the magmets okl

Mo = BAcos® Plux s manimum whben aostd = | swhch means @ = 0= or the normal o

W ATON s paaralios b

e gt tehd
- \hgm'tu Mun density (B) is also known asc

(@) Magnets permealibity (B) Magnetic Mux linkage () Magnetx imduction (d \ Magnehe suscephbiity

Armswer: () Magnety imdies tan

Eyplamation: Macscddn Tus demsaty and magrets inducton are mterchangeable terms tor the strenath of the

- - — e —— —

. 1 a surface s placed such that its plane is parallel to the magnetic field lines. the magnetic flw |
thirough it i I
(aY Manimum (Y Tl o maximum (€} Zero (W Negatwe 3
Answver () cene BExplanation: [t the plane of the surface s paraliel to the beld lines. the normal to the surtace s l
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SLO BASED SHORT QUESTIONS & ANSWERS

0 L S T e S A o S 5 T A S S e e e -
| - Detine magnetic flux. |
, Ans Moacootn tuy s the maoasure of the total number of magretc fiehd Lines passing through a given area .
)* How is magnetic flux density related to magmetic flux and area? |
y Ans Magnetw Tus density (BY s the magnete thus () per unit area (A) perpendicular to the tield, evprossad
| s [ \ |
V. What is the 31 unit of magnetic fTux density, and what is its altermative name? '
| Ansc  The STune of magnetxs Aus denaty s Tisla (T Is altemative name s magnehic induction |
‘e Under what condition is the magnetic flux through a given surface zero? i
| Ams The magoetic tlax threugh a given surface s 2ero when the plane ot the surtace s parallel to the magnehc |
Y reld lines gor when the normal o the surtace is perpensdicular to the feld lines) i
s Is magnetic Mux a scalar or vector quantity? Justify your answer i
i Ans NMaeeetn tHuy moascalar quantity. This s because it s detined as the dot product (salar product) of "“'|
' veretn Prefd soctor (B amd the arca vevtor Alie _‘-‘_’_B_\_ e A R R -_.:
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[ SRR MACN ECH D LINKAGE Sy ey b ]

u“_,\t‘TIC FLUX LINKAGE

metic flux linkage is the product of the magnetc ux passing throu
; L‘\‘ total number of tur'ru'. in that coil. It shows how much magne
a \-au!\ connected or “linked” wath the coul due to its many tums
i'\ rovala for Magnetic Flux Linkage

Magnebe flux Imuhe O =N¢g: (Equation 10.0)

where e 15 the magnetic fux through a single loop of area AL and N 1s the tota!
__whor of turms i the conl
“‘\ i magnetic flux linkage important?
, s & cruaal concept in understanding how cols and mmductors work in
"“,,“_‘1 arcuits. Itis p.nrl.cul.lrl\ important in Faraday's law of electromagnetc
Jecton. It plavs a kev role in the design and operation of transformers,
:\\ﬂ motors, generators, and inductors

\ls

MULTIPLE CHOICE QUESTIONS
- --‘--_---—-—————-_-—-—-—-—-—‘—--—l’ﬂ
\l.lgnetlc flux linkage refers to the product of magnetic flux through a coil and the:

(2) Currentan the col (b) Resistance of the coil  (¢) Number of tumns in the cou (d) Dameter of the coil
i\-\ucr (¢) Number of turns in the coil Explanation: Mag gretc flux Imkage (@) s defined as the product r
g flux (&) through a single turm and the total number of turns (N) in the coil @=N&,

. The concept of magnetic Mux linkage is particularly important in understanding the operation of:

(3) Resstors and.capaaiters (b) Inductors and transformers

(<) Drodes and transstors (d) Battenes and power supples

\g\ut' (&) Inductors and transformers Explanatiors Magnetic flux binkage s central to electromagm
pon and = a kev tactor in the behavior and design of coils. inductors. gencrators mers

it

|
l=
i. If a coil has 100 turns and 3 magnetic flux of 0.05 Wb passes through each tum, the magnetic flax
|

————— — i — i —

L]

L
:
K

and trarsto

linkage ix

(@00 Wb ER () 30 Wb (d) 05 Wb
Answers (1) 3 Wb Explanation: Magnetc flux linkag ge=N>9y=100x005Wb=5Wb
. Magnetic flux linkage measures:
s (a) The strength of the magnebic field at a pomnt
| (b) How much magnetxc flux s effectively linked with a coil due to its multiple tums?
' (¢) The rate of change o1 magnetc flux (d) The force expenienced by a single loop

| Asswer: (b) How much magnetic flux is efrectively limked wath a coil due to its multiple turns?

' Explanation: It quantures the total magnetic field “threading through” all turns of a coul

la The concept of magnetic flux linkage is directly utilized in which of Faraday’s Laws?

u (2) Faraday s Law of Electrolvss (b) Faraday's Law of Electromagnetic Indu
| (¢) Faraday's Law of Electrostatics (d) F Itaxcs

araday’'s Law of Photovol

i - - . -
Answer: (b) Faradav s Law of Electromagnetc Induction Explanation: Faraday s Law states that the induced EM
s proportional to the rate of change of magnenc flux linkage

i s o = o = — e e e — e — —

i i T A S———

i
i
;
;
g
|
i
g
|
:

—
SLO BASED SHORT QUESTIONS & ANSWERS
—

—_——
™ Define magnetic flux linkage. '
[REN Magnetic flux Uinkage s the prodact of the magnetic .lux passing through a single tum of a coud and the |

total number of turns m that coul
!' What is the mathematizal relationship between magnetic flux linkage (@), magnetic flux (D), and the l

ﬂuml'ct of turns (N) in a co mll"

b -—-_.——--—-—-—-—...——-—-.-—.-—-—-—-—l
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[ Ans e imathematical relationship s de= Ny, =

‘e Why Is the coneept of magnetic flux Hnkage important 1o the study of Indudtons?

| Ans s impoetant becanse inductors are coils of wire designed tostore energy ina imagnets Toebed, il 1y, in

i inductance v ety related to hiowe e magnetic (s Bk agge they can gensrates per it enrent
i If a single Joop han a magnetic flux My, how does the total Tux Hinkage change i you Tncivase 1),
| number of turns 1o 2N while keeplog the flus per turm the same?

—— - —— —— —

g Ans The total s Binbage woutd donbie to 2800, as it dieatly proportional to the samber of Gurns
|* Glve two examples of electrical devices where magnetic flus linkage plays a couclal wole,
1 Ans M.lznrlu Mo hinkage plays an dmportant rode b the st andd opesation of transformers, ologygg, I

molors, aml B talinry

104 MOTION OF A CHARGED PARTICLE IN A MAGNETIC FIELD

Do Individual charges moving through a magnetic fleld experience a
force? Derive the relation,
Yes, l'l(lwllrnl-nl'u show that a lll-"'r'l'l' |I.|III| lee wlowen experience o IR

-{ O yoosr Hroive? “.

Like aloctric fiold lines, magneliq
fiold linos also nover croan esch
olher. Howavar, thay can altract o

when it moves across a magnetic field  This is because o current is
essentially the flow of electrig chargen,

Force on a single charged particle derivation, ropol aach other
Constder N charged particles, each with charge o, moving through o e — ———
conductor of Tength L in time 1. @ Hio 0w paper
Fhe current (1) in the conductor bs given by
I= ? -9 sinee Total Charge = Q = Ny
10w s the velodity of the charged particles, and they move across e v
conductor of length Lin tme 1, then =L/ v by, 8% % X K8
Substituting this 1" into the current formula
N s o g
N Ngv . . - - - .
I= o L (Fequation 10 H)
t Lfv L
e force ( I ) on this current-carrying conductor ina magnetic hield 1 i " ] ______ ’
F=l(L-13) (1 quation 10.9) P VR
Here |. 1o vector representing the length and direction of carrent low Fig 1019
Substituling the expression for | — - B
. N O .
[ _:I_v (1L213) . Why does  a picture e

distorted when a magnetic bar by
Brought near to the sireen of 2

If Loas thet unit veetor along the direction of segment Loand Vs a unit vector |
IV,  computer  maonllorn, o

along the velocity V., thien, oscilloscape?
; ¢ d (Answer):  These  deviers use
L=V cthsde ray tubes (ClHTs) where
- . . eloctron beams cieate the pichne
L.y A mapnetie el eaerts o lone on
Thus, |- '; maving gl prarth ey
* " (eleitronma),  cansing o It
vl LV doflect When a bar magnel
* Ngl -+ - : Tromipht near, ity mapneti Tkl
b o==—=(vxh) (Fguation 10.11) interferes with the controfled

eloction beam,  distorting  the

I' (Ny)(v-1¥)
It as the expression of force acting on N prartis les Theretore, the force on o

I

single particle is
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| : .
! I oaptve) (eguation 11117)
| pagnitude of the Torce onw chargedl particle
i the anple betwesn tha velocity (v) aned te iagnotle Bolet (08), 0 mgdtosde of i force () s piven by
= v haini (Fepration 10 14)
When Jo the Tomew v ae Bovegood prantbe b pmnan bopvnnrny ool gwsin?
e forees B mmasinnm (v ) vl 14 is prerpendicnlar ooy (be, e
Pl foree b zeroswhen I s b e wane dliees o as v (e 1201
s ddiwn e dhireatiom of force affect charge panticlost

'
L

o
o Pisitive { Barger A positively churgead particle entoring o gt Held prorpandionbanly iected ot

| |“.|"" from ettt an e in Fipgvnnes sl s adef o 1o alowgy vl |ml|| u‘aw.ml

o Nepatlve Charger A nepatively gl Pt e vl Bie el tloctond b aprpronite e Hem, awlaer along o
| “"m-d ||.|I|| W '-||rl\vn (11 lill'nn'
|
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| R

! (c) Forn

lmnm‘r. {e) Lo
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wil=l

() FRald ool mpva s hnivinaen pvaggiibionedse
{oh) Vanbabsl it e

s Mkt 1 I|n1|m|llll1-|n|uw " Ir.||||||u||ul|n- Fiehed D=tk wipth <)

The ablrwa thon ol Whe magnetle Toree on a prevabtively «harged partlele miovhing e miagnetbe Hlelad van by
determined hy:
() Wit Dvamed wode for mvagoebic el arnond o wire
() Flenving s Lott-Ehandd Bade or e g bt hiand sode for veetor prodin
(c) Lens's Law () Paradday's | aw
o Answers () Plennioggs DettDhaned Fde on thwe et b side fon v ton ol
| I-lllalla"m!: Tl pades alipec thy v e clieee o ol Pl foree o i o bgs o b e
e 1 charged particle enters a undform magnetic fleld perpendicalarly, e gath will b
| (o) A steadpht T (hy A l!.lmlmlh jrath () A cincular path (oh) A ellignie al prath
P Answen () A cliondar path
Explanation: When the mapnetic foroe ds always perpendionlar foo the velooity, 00 acts o n contorpetal fon

]
I.
'
|
I

imll\ln“ ther pra e e toomoves inon chede

! The magnetle force o a charged particle ba directly propostional e
| (o) Mo harge () velocity (v)amd magnetic ekl strengtl (1)

\ (1) B v (om) anl vk ity (v)

| (0) I energey aned the iagenetie Hiekl i ngth

[ () The sepuiaee of s velocity and the magnetic Beld steength

| Answert Go) Bs chinegier (o) velocity (v, and magnetic feld strength (19)
Chvplanatbon: he formnla for the magnetic force s 1= gy lising
L What happens o the kinetle energy of o charged particle moving bnoa unifonm magnetic tield
fassumbog, no other forces)?
! () 10 div reeanen (1) 1 adedpenes
Atiswert () 1 emnins constant
Fyplanation: | gt foree b always peependionlae to e velow ity ol the praetic e, st b dows o sl

(o) 10 pemmado commband () 1o illatos

e o e e e S e e S e e S e —

! fleld

!'\“1: v isint whete o Whie o Dy
| et feld strength, and O s e angle et een v o Ll

biami _!_lllll:l what conditiong wlll‘_.\_l_l_b!_lu::l_]l.n!h le moving bna magnetle Ih'lul_l':l!elivm v fore!

Ihe magnitade of e mapnetic foroe s 1




404 Chapter 10 ll'.lcdmmgnctisml
m

[Ans: A charged particle mnunp na mi ql'rll tie freld -ull experience no force if il 15 moving parallel or any. ]
b parallel to the magnetic field lines (B=00 or U=180'), or if its velocity 1s zero

l. If an electron enters a uniform magnetic field perpendicularly, describe its subsequent motion,

' Ans:  If an electron enters o uniform magnetic field perpendicularly, it will move in a circular path because (e
! magnetc force will always act perpendicularly to its veloaty, providing the necessary centripetal force
P Why can a magnetic field not change the kinetic energy of a charged particle?

y Ans: A magnetic field cannot change the kinetic energy of a charged particle because the magnetic force 5,
|

(]

:

!

L]

|

always perpendicular to the particle’s veloaty, meamng it does no work on the particle (W= F d |
=[dscos™r=0)

. How does the direction of force differ for a positive vs. negative charge moving in the same direction
in the same magnetic field?
Ans:  The direction of the nm;;nmc force on a negauve (h.:r;;( will be exactly opposrle to the direction of the

105 VELOCITY.SELECTOR :

What is a velocity selector? How does a velocity selector work?

ﬂ

f. B into D paper
v a'x X ¥ X x x
VELOCITY SELECTOR k|x x x w x x
A veloaty selector is a device designed to determine the velocity of a charged oi : v : 2 A
. M = -
particle. It uses both electne and magneuc fields arranged in such a way that v R :
they cancel out ¢ach other for only a specific value of veloaty, allowing x ®x X % x x x
particles with that particular velocity to pass through undeflected. Bl Wil LN R
Velocity Selector Work Peitn
®  Setup: A velodty selector consists of a cylindrical tube placed within a B o Te paper
. ® X X KX X W x
uniform magnetic field (B). Inside this tube, there's a parallel plate X ¥ x A ¥ % x
- - - - + + =+
capacitor that generates a uniform electric field (E). The electrnic hield E is I ]
i =G >
onented perpendicular to the magnetic field B. e
®  Torces: When a charged particle enters the device, the magnetic force acts

i one duection (e.g, upward for a positive charge), and the electric force x ¥ % X x X x
acts in the opposite direction (e.g, downward, in the direction of the Fig. 1012
electric Lield, for a positive charge).

® Balance: If the strengths of the electric and magnetic fields are adjusted
correctly, these two forces will be equal in magnitude and opposite in

' Point te ponder! ?

A lores s exerted on 3 mowy)

: 3 2 charged partcle in 2 magnebe feld
direction, effecuvely cance lling each other out. : : 1nwhat directon & shoukd move el
®  Undeflected Motion: With no net force, the particle continues o move ina e fores 5 nol exerted onit?

stzaght hine at a constant velocity (according to Newton's first law) and

Explanation: If the charged
exats the device

particle moves parallel or ang-
Selection: Marticles with velocities different from this specific value will | paralldl to the magnetc held
expenence a net force and will be deflected, thus not exiting the device Kines: {Le, the-angle 0. betreon

. s welooly vector and  the
magnetic held vector is Oe of
1804) then sint) will be zero, and
thus  he  magnenc  lorce

Formula For The Selected Velocity
For no deflection of the particle, the magnetic force must balance the electne

force FequBund will be sero So ot
Magnetc force (Fo) = Bgv should move alony the direction
Flectric f «(Fi I of the magnetc fiecld or exacly
ectric lorce { i qt apposite 10 it
0, Bgv = g4l
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pividing both sides by q.
v=E/B (Equabon1013)
Thus 1s the magnitude of the velocity that will allow the particle to move undeviated through the helds

MULTIPLE CHOICE QUESTIONS

f A velocity selector uses which combination of ficlds to aliow nnl; ;u.ul-c:s-o(-a 11;::11".:\:1;6-1-0 |
| pass undeflected? 4
L)
! (a) Parallel electric and magnetic fields (b) Perpendicular electric and magnetic nelds !
I (c) Only a magnetic field (d) Only an electrrc field. |
+ Answer: (b) Perpendicular electnic and magnetic fields ‘
| E_tplamlion: A velocity selector works by creating a region where perpendicular electric and magnetic fields exert |
1 gpposing forces on a charged particle. !
. For a charged particle to pass undeflected through a velocity selector, the electric force must be: !
]
(a) Equal to and in the same direction as the magnetic force
| (b) Greater than the magnetic force. !
(¢) Equal to and opposite in direction to the magnetic force
i 1 d opp d th g I
. (d) Less than the magnetic force. "
| Answer: (c) Equal to and opposite in direction to the magnetic force |
» Explanation: For no net deflection, the forces must cancel each other out. meaning thev are equal in magnitude
| and opposite in direction |
i . The selected velocity (v) in a velocity selector is determined by the ratio of: i
(a) B/E (W E/B (c)qE/B (d) 4B/ E
Answer: (b) E/B "
El’.xplanahon. For undeflected motion, electric force (qE) equals magnetic force (qvB). so qE = qvB. which !
| simplifies to v=E/B |
e In a velocity selector, particles with velocities different from the selected velocity will be: '
| (a) Accelerated lmnearly (b) Deflected (c) Stopped (d) Reversed in direction. |
' Answer: (b) Deflected '
Ex lanation: If the velocity 1s not exactly E/ B, one force (esther electric or magmetic) will be stronger causing a net I
p y 8 g
I ! force and thus a deflection |
' If a velocity selector is used for positively charged particles, and the magnetic field is directed into the |
| page, then for undeflected motion, the electric field must be directed: |
i (a) Into the page (b) Out of the page. (c) Upward (d) Downward '
| Answer: (d) Downward 1
! Explanation: With B into the page and v to the right. the magnetic force on a positive charge s upward (Fleming s !

Left-Hand Rule) To balance this, the electnc force must be downward, meanmg the electric field (which points in
¥ I.hc direction uf force ona pos:lawch.m ¢) must be downward ?

..... - - —— i ————— ————— ————— —— ——— ]
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SLO BASED SHORT QUESTIONS & ANSWERS
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What is the purpose of a velocar) selector?
A velocity selector 1s a device used to determine or solate charged particles moving ata specific velocaty ll
by allowing only those particles to pass undeflected through a combunation of perpendicular electnc and |
magnelic belds l
Describe the arrangement of electric and magnetic fields in a velocity selector.

[l

I Ans:
1

(B

| Ans:  Ina veloaily selector, the uniform electric field and umform magnetic tield are set up perpendicular o |
]

|

1}

cach other, and also perpendicular to the tmtial direction of motion of the charged partcles '
Derive the formula for the selected velocity *v' in a velocity selector. |
,'\l'l_ _Jora \.umlr to move umluﬂv{hd the electr i torce (T, = 41 ) must balance the magnel torce el =q By :

-
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specds are correet For a given setup of perpendicular Fand B fields, the dircction of the clectri foece ang |
magnctic force on a charge will reverse for a negative particle compared 1o a positive one. but they wips
still be opposite, allowing for cancellation at the same speafic veloaity v=E/ I}

308 Chapter 10 I!':Icttromagnelism
(> Raktiog qE~qulan canceling 'y, wwe el Hov g veE7D: ]
i . What happens to charged particles that enter a velocity selector with a speed greater than the selecigg !
. velocity? !
| Ans:  If ther speed is greater than the selected velocity, the magnetic force (gvh) will be stronger than the |
' electric force (). causing the particles to be deflected by the net magnetic force |
|* Can a velocity selector work for both positive and negative charged particles simultancously? I xplain, |
PAns Yos, o veloaity selector works for both positive and negative charged particles simultaneousiv b thy 4
!

1

10.6 INDUCED EMF AND FARADAY'S LAW
n What 15 induced emf? What is motional emf?

Ans

INDUCED EMF

When a conductor moves through a magnetic field, an electromotive force (emf) is generated or “induced®
between its ends Thus induced emf is similar to the voltage produced by a battery. If the ends of the conductor
are connected to form a closed arcuit, this induced emf will cause a current to flow.

Motional emf

The emf induced due to the metion of a conductor across a magnetic field is specifically called motional emf
Expression

)

|

Consider a conducting rod of length L. moving with constant velocity 'v' to
the nght within a uniform magnetic ficld (B) directed into the page.

Force on Charges: As the rod moves, the free charges (electrons or positive
charge carriers) within it also move with the same veloaty 'v' in the
magnetic field B. Each charge 'q' experiences a magnetic force given by

I;=q{ v 5) . Since 'v" 1s perpendicular to 'B' (0=90" and
Sin 907=1), the magnitude of the force is )

F=qvB (Equation 10.16).
Charge Redistribution: Using the nght-hand rule, this force pushes charges from
one vnd of the rod to the other (e.g., from ‘a’ to 'b'). This causes a buildup of

positive charge at one end and a deficiency (negative charge) at the other,
stmilar to the terminals of a battery.

d —_ [
Fig. 10.13

L0 For yourimtarmatond B

Electric Fivld Formation: This separation of charge creates an electrostatic field E
directed from the higher potential end to the lower potential end (c.g., from b’

toa’). This electne field exerts an electric force (F= qE) on the charges, opposing
the magnetic forc

Fee qE Faraday's homopolar generaior
Equilibrium: |l system ‘ " AT e . Wi whoch ha wat able 1o produce
q : vslem quickly reaches an equilibrium where the magnetic  JoEl sincalg
force and the electric force on the charges are balanced

F=T,
gk = gvi
I'his means [=vB

(Lquation 10.17)

f ':Im.ll FME: The induced emf () is cqual 1o the potential difference (AV) between the two ends of the
Moti | I )

moving, conductor in this equilibrium state: Since the electric fiedd ¥ s the negative gradient of potential
(= _“'{] ). then AV=Fl.

sybstitutingg 1= v AV=(vB)l
S, the motlonal emf s

€ = vBL {Faquation 10 14)
If the angle between velocity and magnetic field is not 90 degrecs
if the angle between 'v'and "B is 0, then the magnitude of the motional emf is

¢ = viilLsint) (Lquation 10 19)

p——

n Describe Faraday's Law of [lu._:lmmagnclic Induction?

{Ans/

FARADAY'S LAW OF ELECTROMAGNETIC INDUCTION
faraday's Law descnibes induced emis in terms of magnetic flux [t
Jtates that the average eonl induced in a conducting coil of N loops
15 equal to the negative of the rate at which the magnetic flux
through the coil 1s changing with ime

Formula for Faraday's Law:

The change in magnetic flux (Adx) when the rod moves a distance
Axis

Ady = B(AA) = B(AxL).

Ax
Since €= vBL and Veloaty of the rod = V = Eva‘h}m,

then £=|{é->ill.‘;[.=[ﬂ—x[-‘-13-—)=ﬁ—° Here Ad=AA D =Ax LD Q
At at At e
For a single loop: . Q. wa?
€=- ) (Fquation 10.23) e R
at <o g T
For a coil with N loops: seafons

€=—N( %—?J (Equation 10.24)

The minus sign indicates that the direction of the induced emf opposes the change in !
flux, which 15 in accordance with Lenz's Law. This law is generally true, even though it Q

was denved from motional emf

- — - — - — - 1 —arge wpe wtew § se—t
] —— S -
| casemmenn Doweknow? | i S et
| Wireless charging works based on the principle of | ==
1 electromagnetic induction. ' | PositionZ
| Wieeless charging wores by electromagnetic induction i | | Counter<lockwise
1» Charging Pad (Transmitter): An 3lematng currert fows through 2 ool m the pad a Vol current
treatng a fuctuating magnete feld > | Position ¥

y * Device (Receiver) A colin your deace pers up this changng magnets; field N ' No current
|* Electricity Generated: This fuctuating fild induces an elecyc cuent m the deute s mm | Position 4
g » = ! Clockwise current
| Charging: This induced current is converted 10 DC o charge e devce's baliery |

[
L)
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s
. - — — e e,
| Point to Ponder! Fentte pangps 1

' This heater works on the principle of electromagnelic induction. The water in the metal > Gme |

. pot is boiling, whereas lh:n iln the glass pot is not, even though the glass top of the hea‘tcr Uﬁg:} |

is cool to touch. The coil just beneath the top carries AC that produces a changing Y V

| magnetic flux. Flux linking with pots induces emf in them. Current is generated in the s |
> L‘w“mnum

metal pot that heats up the water, but no current flows through the glass pan, why? _mmw‘: '

, (Answer): Metal 1s an electrical conductor, so the induced emf creates eddy currents within 7o ™« & s s 1

| the metal pot These eddy currents flow through the reswstance of the metal, generating heat S5, Mot m tamas 57 1
, that boils the water. Glass, however, is an electrical insulator, so even if an emf 1s induced, 705 ,:",‘,:__"'l::"-':!
| it cannot dnve a significant current through the glass pan to produce heat.

MULTIPLE CHOICE QUESTIONS
. The emf induced in a conductor moving across a magnetic field is called:
| (a) Resistive emf (b) Motional emf (c) Electrostatic emf (d) Inductive emf
Answer: (b) Mobonal emf Explanation: EMF induced due to the motion of a conductor through a magnetic field i
s specifically termed motional EMF.
. According to Faraday's Law of Electromagnetic Induction, the induced emf in a coil is proportional to;
{a) The magnetic flux through the coil
(b) The rate of change of magnetic flux through the coil.
() The strength of the magnetic field (d) The area of the coil
| Answer: (b) The rate of change of magnetic flux through the coil
V Explanation: Faraday's Law states that the magnitude of the induced EMF is directly proportional to the rate at
which the magnetic flux through' the circuit changes

. The minus sign in Faraday's Law (e==N( i—?] indicates:

(a) The direction of current flow
(b) That induced emf always opposes the change in flux.
(¢) That energy is lost. (d) The rate of change is decreasing
! Answer: (b) That induced emf always opposes the change in flux
I Explanation: The minus sign 1s a mathematical representation of Lenz's Law, which states that the induced EMF

and current oppose the change in magnetic flux that caused them
. If a conducting rod of length L moves with velocity v perpendicular to a magnetic field B, the motional
emf induced is:

(a) vBL (b) vB/L (c)vL/B (d) v/BL
Answer: (a) vBL Explanation: For a conductor moving perpendicular to a uniform magnetic field, the motional
EMF s given by E=vBL 2
. Wireless charging works on the principle of:
(a) Electrostatic induction (b) Electromagnetic mduction (c) Direct current transfer (d) Conduction
| Answer: (b) Electromagnetic induction Explanation: Wireless charging uses couls to create a changing magnetic |

! field. which then induces a current in the receiving coil of the device, based on electromagnetic induction "

- — - —— —-
- — i — i — — i — — — . — i — — o — i — e — i —

~ SLO BASED SHORT QUESTIONS & ANSWERS

I« " Whatismetional EMFZ T T TTTTmoTTmsTmoTo ~
Ans:  Motional EMF is the electromotive force (voltage) induced across the ends of a conductor when it moves !
- through a magnetic field, effectively acting like a temporary battery !
* State Faraday's Law of Electromagnetic Induction. |
p Ans: Taraday’s Law states that the average emf induced in a conducting coil of N loops is exjual to the negative
| [
L I

1

Ad
of the rate at which the magoetic flux through the coil 1s changung with ime (e = -N{—)

m Physics 11 (Subjective, Objective and Conceptual Questions 411

¥
| Ans: The maz;mtudl' of the induced EMF s affected by the rate of change of magnetic flux through the coll and .
| the number of turns in the coil (Also, the relative speed of the coil /condurtor through the ficld)
Explain why a current flows in a closed loop when a conducting rod is pulled across a magnetic field.
Ans: When the rod moves, charges within it expenence a magnetic force (F = qvB) directed along the rod.
i( separating positive and negative charges to create a potental difference (motional EME) If the loop s |
. closed, this EMF drives a current
| How does the direction of induced EMF relate to the change in magnetic flux, as indicated by the
! minus sign in Faraday's Law?

IMK The minus sign in Faraday's Law indicates that the direction of the induced EMF (and the resulting
)

I

i

induced current) 1s always such that it opposes the change in magnetc flus that caused it 2 principle
known as Lenz's Law

10,7 LENZ'S LAW AND DIRECTION OF INDUCED EMF

What is Lenz's Law and how does il determine the direction of induced emf/current?

LENZ'S LAW
Lenz's Law, discovered by Heinrich Lenz in 1834, states that the direction of the induced current s always such
thatit opposes the change that causes the current. The munus sign in Faraday's law relates to thus direction
¢ Lenz's Law specifically applies to induced currents, not directly to induced emf
o It is applied to closed conducting loops or cous. If a loop 1s not closed, one can imagine it closed to
determine the induced current’s direchion, and then infer the induced emf's direction
¢ Example: If a bar magnet's North Pole 1s moved towards a coil, the coll's face nearest the magnet wall
become a north pole to repel the magnet, causing the induced current to flow anticlockwise (when viewed
from the magnet side). If the magnet 1s pulled away, the coil will create a south pole to oppose the pull

n How is Lenz's Law a manifestation of the law of conservation of energy?

{Ansd

LENZ'S LAW AND CONSERVATION OF ENERGY

Lenz's Law 1s a direct consequence of the law of conservation of energy When a conductor moves »n a
magnetic ficld and an induced current flow, it expenences a magnetic force that opposes i1ts mobon. To
maintain constant veloaty, an external force must be applied to counteract tus opposing magnetc force Thus
external force provides the energy necessary for the induced current to flow

If the induced current were in a direction that reinforced the motion, it would lead 1o an ever-increasing kinetc
energy from nowhere, which would violate the law of conservaton of energy

o B —

L] =—T ___@__ _' i - = [



112 Clnplu 10[E Iu!mm.u,nellsml

I Point to Ponder! 1*|{ Peint 1o ponderi J> 1N
1 No I resistance is neglected, a constant current means no d}.m;;\' inmagnelic By neglectng the resialancy »
v hux. According to Faraday's Law, an induced emf (potential difference) is - canaconstant cumrentin a coif !
]
1

—

sel up o potontsl difforonce

Lonly produced when there s a change in magnetic flux, Without a change in the colf?

1 flux, there is no mduced emid

Lo o o e o o o o e e e e e e e e e e e e e — o

MULTIPLE CHOICE QUESTIONS _

-— ————- - — - — -— - - ————— i —
- —_— - —_——

o Lenz's Law states that the direction of the induced current is .ll\\.l\'- such that it: 1
| (a) Ards the change that causes the current. (b) Opposes the change that causes the current
. (c) Is perpendicular to the magnetic ficld (d) Is pagallel to the conduclor’s molion

Answer: (b) Opposes the change that causes the current
1 Explanation: This s the core principle of Lenz's Law, ensuring conservation of energy
|« Lenz's Law is a manifestation of the law of:
! (a) Conservation of charge
| (c) Conservation of energy
! Answer: (¢} Conservation of eneryy

() Conservation of momentum
(d) Conservation of mass

'
I
'
|
'
|
]
!
[lplaluliun: It the mduced current did not oppose the change, it would lead to a perpetual increase Kinetic I

[ energy without external work, vielating energy conservation i

1. If a bar magnet is pushed inlo a coil, according to Lenz's Law, the coil will: .

(a) Develop a South pole towards the magnet to attract it |
(b) Develop a North pole towards the magnet to repel it 1
(¢) Remamn unmagnehized |
(d) Develop an induced current that increases the l-nagm'l's specd 1
|
1
|
1
|
'
|
[
|
L]
|
:
|
]

|

'

!

| Answer: (b) Deve lop a North pole towards the magnet lo repel it

i xp].uuhon‘ 1o Oppose the 'nn’mr m omation, the coll must create a n.']‘lll-nl\-t' force, which mweans |urmlns a
, North pole facing the incoming North pole (assuming a North pole of the magnet 1s pushed in)

|* Lenz's law is most directly applied to determine the direction ofy’

f (a) Induced emd (1) Induced current (c) Magnetic flux (d) Magnetic field strength
| Answer: (1) Induced current
! Explanation: Wihile it affects the induced EMF, Lens's Law specifically defines the direction of the induced curren
m a closed loop or coil. which then implies the direction of the induced EMF
. Consider a copper ring passing through a region with a constant magnetic field directed into the page.
When the ring is fully inside the ficld and moving uniformly, the current in the ring is:
() Clockwise
Answer: (J) Zero
| Explanation: When the ring is fully inside a uniform magnehic field and moving, there is no chunge in magnetic |
' Hlux thmul h llu Innp k.mu.‘ lndmui EME de |u-m|s on |.|IL' rate of ¢/funge of flux, the induced current will be ze0

(b) Anticlockwise (c) Continuously decreasing () Zero

-— i — - —

SLO BASED SHORT QUESTIONS & ANSWERS
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i . “State Lenz's Law. |

g Anst - Lens's Law states that the direction of the induced current (or induced EMI) 15 always such that it
| opposes the change in magnetic flux that causes the current |
e Why Lenz’s Law is considered a manifestation of the law of conservation of energy? '
| Ans: If the induced current were 1o aid the change in magnetic flux, it would lead o a self-accelerating system |
1 generating kinelic energy from nothing, which would violate the law of conservation of energy. Lenss s
| Law ensures external work is required to produce induced currents. |
i If you pull a North Pole of a magnet away from a coil, what magnetic pole will be induced at the face!
| of the coil towards the magnet, according to Lenz's Law? l
: _A South Pole will be induced at the face of the coll towards the magnet, This is to altracl the m'\Lm‘

5
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(" M-.:[Tm;'-pmc its molion aw. ay hnm?l-r:r:l- e e o e l

i Does Lenz's Law apply directly to induced EMF or induced current? |

| Ans: Lens's Law specilically applies to the direction of the induced current in a closed loop. and from that, the ¢

! direction of the induced FMI can be inferred |
| ~ When a conductor moves through a magnetic field, it experiences a magnetic force that tends to stop it.

, wWhat muslt be done to keep the conductor moving at a constant velocity? [

! Ans:  Anexte mal force, equal in magnitude and opposite in direction to the magnetic force tending, to stop it s

must be applied This external force does work, which ts converted into the electnical encrgy of the |

E --ﬂulucm.lrurnﬂl = i i S S P i

10.8 - FACTORS AFFECTING INDUCED EMF

— —

m'llal factors affect the magnitude of the induced emf?

@

FACTORS ATFECT THE MAGNITUDE OF THE INDUCED EMF

ﬂ

According to Faraday’s law, the magnitude of the induced emf 1s alfected by e = -N— 4

1. Rate of Change of Magnetic Flux (A®D/AL): A faster rate of change of magnene flux (e g, moving a magnet
quickly, or rapidly changing, the field strenpth) results in a larger induced emf

2. Number of Turns in the Coil (N): The induced emi 1s directly proportional to the number of turns in the coil
A coll with more turns will experence a greater induced emt tor the same change in flux

3. Relative Speed between Coll/Conductor and Magnetic Lield: A taster relative speed between the conductor
and the magnetic tield lines increases the rate at which magnetic flux s cut or changes, leading to a larger
induced emf

109 FERROFLUIDS

l:. How can one observe the properties of ferrofluid through an experiment?

o

EXPERIMENT WITH FERROILUID
You can conducl an experiment using laser
prnter toner (which contans about 40% r-
nano-scale iron oxide) and cooking oil
®  Procedure: Pour some loner inlo a test
tube, add cooking oil, and mix well with ~
a stick lo form the ferrotluid Transfer
this fluid to a glass bottle,
®  Observalion:
o When you shake the bottle without a magnel nearby, the fluid acts like a
normal liquid
o When you bring a magnet near the fluid outside the bottle, the fluid

jumps towards the magnet, showing it has berome temporanly >
magnetized
o If you hold the magnet to the sude ot the bottle, the flud sall torm o

il |

g 180T

A
3
|

4

w —

b fid.

structure with spikes (g, 10.18)
Explanation: Tius phenomenon occurs due to the competition between magnetic

< Fig 1018
forces, surface tension, and gravity. In a strong, magnetic field, magnetic torces »
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pull the fluid upwards, forming chain-like structures that align with the magnetic field lines. These struepyg,,

Increase viscosity, making the tlud behave more like a solid with spikes where magnetic lorces OVEICOme oy,
forces, When the magnet is removed, the particles demagnetize, and the ferrofluid returns to its liquid state
How does ferrofluid behave?
*  Without a magnet: A ferrotluid acts just like a regular lquid
®  With a magnet nearby: The tiny particles temporarily become magnetized, making the entire Huid belyay,
like a magnet. They torm structures within the (luid, cansing il to act more like a solid
o  Magnel removed: When the magnet is taken away, the |||Il|.lt'lt"0 demagnetize, and the ferrofluid returmnsy g,
its ligud state
Why does ferrofluid form spikes near a magnet?
This phenomenon'is a result of a competition between magnetic forces, surface tension, and gravity In ,
strong magnetic field, the magnetic forces pull the fluid upwards, forming chain-like structures, Gravity
and surface tension try to pull the fluld back down. These chains align along the magnetic field lines,
increasing the flud's viscosity and making it bulge in certain directions, forming "spikes.” Spikes appear
where the magnetic forces are strong enough to overcome the other forces

n What are some practical applications of ferrofluids?

AI'TLICATIONS OF FERROFLUIDS
Ferrofluids have numerous applications across various fields:

!ﬁ

}l

®  [Flectronics:
o Used in rotary seals for computer hard drives and other rotating shalt motors 1o prevent contaminants

from enlering, 3 :
h . For Your Information:
o In loudspeakers, ferrofluids cool the voice conl by absorbing Wh ! fi f
£ en  was  the st P
and dissipating heat, Improving sound quality by dampening, wrrilald
d developed and for what purpose?
vibrations
Ans: The  furst ferrofluid was
e Medicine developed by NASA in 1960 1t was
o Can be directed to speailic arcas in the body using external | ceated by grinding natural magnetite
magnets for targeted drug delivery, reducng side effects and was Invented o move liguids
o Used as contrast agents in Magnetic Resonance Imaging | through space
(MRI)
&  Engincering and Rescarch:

Used for damping or precisely controlling the flow of hquids by manipulating the magnetc freld

: 10.10'A SEISMOMETER
Q. What is a scismometer and how does it detect earthquakes using electromagnetic induction?

8

A SEISMOMIETER

A seismometer 1s an instrument designed to respond to ground movements or
vibrations caused by carthquakes, voleanic eruptions, and explosions. [t detects
carthquakes by converling ground motion into electnical signals through
electromagnetic induction

How a Scismometer Works

g 10 T8 Bt

A selsmometer  converts ground  motion  into electrical signals  using
:
electromagnetic induction
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I components: Typically, it includes a weight suspended by a spring
magnet that moves inside a coll of wire (Fig 10 19)
Earthquake Detection: When an earthquake occurs, the ground and the seismometer's frame move, but the
suspended weight tends Lo stay still due o inertis This creates relative motion between the ma agnet
(attache ol to the weight) and the cotl (attached 1o the frame) (Fig 10.20)
1 Induced EMTI: According to Faraday's law of ¢le ctromagnetic - :
induction, this changing magnetic flux through the coil
induces an clectromolive force (emf) in the coil Tracs wre u\::un - :'mmm"

4 Induced Current: This induced emf then generates an induced gt and S-waves e secondary wevss which are
.»ln tric current ’ raneseres in nature

5. Data Recording: The induced current is proportional to the velocity of the ground motion. These electrical

».iﬂn.als are amplified and recorded, providing, data on the
I T e I

amplitude, frequency, and duration of the carthquake waves
5[l5MOMI:T|ER PLACEMENT Most safquakes e caused by plets lacionics
> (Gwplacamant) and occut ot & Gegn of 80 km. ‘nuu
eismomelers are typically buried under the ground at a depth we -

of 50-1000 meters in a protective case called a vaull. This vault is ‘ﬂm“ﬁh.ﬁn Hm“"m"‘
“)elmdrlc.l[ steel tank, approximately 1 meter wide and 2 meters St ibudump anl Sopiiio paet 305 fon
deep, with a concrete pad at the bottom (Fig 10.20). Solar enerpy

charges batteries for the seismometer, and il transmits data to a computer via GIS

Sohat srargy
anu

This waorght is often attached to a

b
-

G5 cormeruncars wilh T Commpatinr

WL -}"‘"‘“"‘ =5

; \

\
Fig 1030
. For Your Information

Q: What causes most carthquakes and how are they categorized by depth?
Ans:  Most carthquakes are causéd by plate tectonics (displacement) They are categonzed by depth
o Shallow earthquakes: Occur at a depth of up to 60 km
o Intermediate earthquakes: Can be as deep as 280 km beneath the crust
o Deep earthquakes: Can reach depths past 280 km
There are two main types of seismic waves that generale carthquakes:
o P-waves (Primary waves): Longitudinal in nature
O S-waves (Secondary waves): | ransverse in nature

———

~ MULTIPLE CHOICE QUESTIONS

P o o o = o  —— ——— —— ————— ———— —— — —— —————
" Ferrofluids are characterized by exhibiting properties of both: ':
| | (a) Solids and gases (b) Liquids and magnetic matenals () Conductors and insulators (d) Acids and bases |
! Answer: (b) Liquids and magnetic materials '

fl]'ll.lmhnn Ferrofluids are colloidal suspensions of ny magnetic particles in a carnier fluid, allowing them to |
flow like liquids but also react to magnetic fields !
g The magnetic particles in ferrofluids are typically coated with a surfactant to: !
| (a) Increase their magnetic strength (b) Prevent them from setthng and clumping |
1 (¢) Make them electnically conductive (d) Change their color 3
L2 J

“"“H‘! (b )PII vent them lrum “Illllu' .|Ild dump:m

- — i — — —— e — e — o — e — e — e — i — i —
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r l?.xﬁa-nmo-n_T h-\-Tur-i.ﬁa;l_m?u:-s-.\;f;crlc-n:;:r: aTui-p:\'cnls the nanoparticles from aggrq;ahnb-e;:u'"? -l
! they remain evenly dispersed & X
! . How do seismometers detect earthquakes? |
| (a) By measuring static electric charges in the ground 1
5 (b) By using sound waves to map vibrations |
| (c) By converting ground molion into electrical signals via eleclromagnetic induction )
. (d) By detecting changes in atmospheric pressure |
| Answer: (c) By converting ground motion into electrical signals via electromagnetic induclion §
' Explanation: Seismometers typically use a suspended magnet and a coil. Ground molion causes relative ""t-tlon!
| between them, inducing an EME and current that is proportional to the ground's velocity I
‘e When a magnet is brought near a ferrofluid, it forms "spikes” because: i
! (a) Magnetic forces repel the fluid (b) Surl.acc- tension completely _domlmlu Bravity |
I (:‘) Magnetic fclic:.;sim'ormmc grn\;lly and surface tension, aligning particles along field lines. i
. 1 .

3 (d) The fluid solidifies permanently '

I

| Answer: (c) Magnetic forces overcome gravity and surface tension, aligning particles along field lines

+ Explanation: The magneuc forces pull the fluid upwards, forming chamn-like structures (spikes) that align wih the ,

| magnetic field lines, in competition with gravity and surface tension. I
e The induced current produced by a seismometer is directly proportional to the: '
| (a) Displacement of the ground (b) Acceleration of the ground. (c) Velocity of the ground motion (!
X Amplitude of seismic waves only. 1
! Answer: (¢) Veloaity of the ground motion |

| Explanation: The induced EMT (and thus current) in a seismometer is proportional to the rate of change l,['
y magnehic flux, which is related to the relative velocity between the magnel and coil due to ground motion. |

X,
- —— —— — — — —_ -— i —- —

rm— s e —

o SLO BASED SHORT QUESTIONS & ANSWER
E . What is a fcuo‘ﬁ.u?d-:n:n.p-o;(-ﬁﬁ e S
, Anst A ferrofluid s a collowdal suspension of tiny, nane-scale magnetic particles (typically iron oxide) evenly I
| dispersed in a carrier flund (like oil or water), coated with a surfactant to prevent clumping ;
N Describe one application of ferrofluids in electronics. »
| Ans: In electronics, ferrofluids are used in rotary seals for computer hard drives and .other rotating shaft |
' motors, and also in loudspeakers to cool voice coils and dampen vibrations. 1
le How does a seismometer detect ground motion from an earthquake? |
Y Ans: A seismomeler detects ground motion by using a suspended mass (often with a magnet) and a coill. When!
|I the ground moves, the merta of the mass causes relative motion between the magnet and the coil,
I inducing an EMT and current through electromagnetic induction. I'
' Briefly explain why the induced current in a seismomeler is proportional lo the velocity of the ground |
| motion.
v Ans: The induced EMF (and thus current) s proportional to the rate of change of magnetic flux. This change in 1
| flux 15 caused by the relative motion between the magnet and coil. making the induced current|
' proportional to the velocity of the ground motion. !
l. What is one medical application of ferrofluids? B
i Ans:  In medicine, ferrofluids can be used for targeled drug delivery to specific areas of the body (like lumws]i

using external magnets, or as contrast agents in Magnetic Résonance Imaging (MRI)

R it Ut St S —— |
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TEXT BOOK EXERCISE WITH SOLUTION

MULTIPLE CHOICE QUESTIONS

Tick the correct answer.

101 Acurrent is flowing towards north along a
power line. The direction of the magnetic
field over the wire is directed towards:

(a) north (b) south
(c) east (d) west

Answer: (¢) east (Using, the right-hand grip rule, if

crrent is North, magneuc ficld lines circle countoer-

;Ioc]ﬁ“'if“-' when viewed from above, so above the

wire, the field points cast)

102 The radius of curvature of the path of a
charged particle in a uniform magnetic
ficld is directly proportional to:

(a) the particle's charge

(b) the particle’s momentum
(c) the particle’s energy

(d) the flux density of the lield

Answer: (b) the particle’s momentum. (Since

r=mv/ (qB), r is directly proportonal to mv, which is

momenlum). )

103 The diagram shows a beam of clectrons
entering a magnetic field. What is the effect
of the magnetic field on the electrons?

fAssuming the magnetic field 1s directed into the

page, and the electrons are moving to the right )

(a) They are deflected into the plane of the
diagram

(b) They are deflected out of the plane of the
diagram

(¢) They are deflected towards the bottom of
the diagram

(d) They are deflected towards the top of the
diagram

Answer: (b) They are deflected out of the plane of

the diagram.

(Using, Flemung's left-hand rule Jield downward,

current (opposite to electron flow) to the left, so force

15 out of paper)

fid

104 The force exerted on a wire of 1 meter
length carrying 1 ampere current placed at
right angle to the magnetic field is called:
{a) magnetc hield intensity
(b) magnetic Aux
(¢) magnetic induction
{d) none of these

Answer: (¢) magnetic induction (Thus s the

dehiution of magnetic induction. 3

105  The unit of flux density is:

(@) NATm! (b)N Am!
() NmA? (d)NmA

Answer: (a) N At m! (Thas s the detimtion of Lesla,

which is the unit of flux density

106 A moving charged particle is surrounded
by:

() clectne freld only

(b) magnetic field only

{c) both electnc and magnetic held
(d) no field

Answer: (¢) both electric and magnetic freld (A

stationary charge produces an electne field, A

moving  charge, wluch  constitutes a  current.

produces both an electnic hield and a magnetic ficld)

10.7  Magnetic force on the charge q moving
parallel to magnetic field with velocity v is:
(a) qvb sind) (b) g

(¢) zero () ILB

Answer: (c) zero (When a charged particle moves

parallel 10 a magnetic Lield, the angle 0=07, and

sin0-=0. Therefore, F=qvbsin0=0). «

10.8  The unit N A' m is called:

(a) weber (b) tesla
(¢} coulomb (d) none of these

Answer: (b) tesla (This is the definition ol a Lesla)

109  Electrons while moving perpendicularly

through a uniform magretic field are:
(a) deflected towards north pole
(b) deflected towards south pole
() deflected along circular path
(d) not deflected at all

Answer: (¢) deflected along circular path (1he

magnelic force acts as a centnpetal force. causing

them to move in a arcular or hehical path)

10.10 A magnetl is suspended from a spring. The
magnet oscillates and moves in and out of the coil
connected to a galvanometer. When the magnet
oscillates, the galvanometer shows:
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(a) deflecton to the left

and to the nght with Sewe
constant amplitude

(b) deflected on one side ere
{¢) no deflection

(d) deflection to the left

and  rnight. but the &
amphtude steadily Eu
decreases

Answer: (d) deflection to the left and right, but the
amplitude steadily decreases (This is due to
induced current and Lenz's law. The induced
current  opposes the moton, damping  the
oscillation, and thus the amplitude decreases).

SHORT ANSWER QUESTIONS

X101 It is said that Lenz’s law specifically applies

to induced currents and not directly to induce
emf. Explain briefly.
Ans: Lenz's Law states that the direction of an
induced current s such that it opposes the
change in magnetic flux that produced it. While
the induced electromolive force (EMF) 1s what
driews the current Induced current opposes Lus
change due to its induced magnetic hield.

» Induced Current is the Effect (and creates the
opposilion): For Lenz's Law to apply. there
needs to be a closed circuit so thal the induced
EMF can actually dnive an induced current

*  Why not directly to EMF? If there's no closed
circuit (e g, an open-circuited conl), an EMF 1s
stll induced, but no current flows Without a
current, there's no opposing magnetic tield, and
thus no “opposition to the change in flux” in the
way Lenz's Law describes *

e Conclusion, Lenzs Law is about the
consequence of the induced EMF in a closed
carcuit, where the resulong current acts to
maintam energy conservation by opposing the
cause of its own induction

10.2 A square loop of wire is moving through a

uniform magnetic field. The normal to the
loop is oriented parallel to the magretic field.
Is an emf induced in the loop? Give a reason
for your answer.

Ans:  No emf will be induced in the loop

Reason: Since the normal to the loop 1s
parallel to uniform magnetic field so
magnetc flux passing through the loop will
remain conslant so

A =0
Hence by Faraday’s Law

e=-N L =0
At

10.3 Does the induced emf always act o decreyg,
the magnetic flux through a circuit?

Ans: No, the induced emf does not always a¢y
decrease the magnetic flux .-\rmrdlnz_ 1
Lenz's law, the induced emf always Opposcs
the cause that produces it.

. If the magnetic flux through the cirayy b
increasing, then induced emf acts to decreay,
the magnetic flux.

. If the magnetic flux through the circuy i
decreasing, then induced emf acts to increag,
the magnetic Mux

)Q.-I When a magnet is pushed into the solenoig,
as shown in the figure (a), the galvanomete
indicates a small current. Why is the curren
produced? What will be the magnetic pole
produced at the left end of the solenoid?

Ans: When a magnet 1s

pushed into solenoid, 2
the flux through the ___

coil is changed So, BTN~
according g ™

Faraday's law of - =
electromagnetic 0}
induction an emf Sy

induced in the coil
and cause of current in the galvanomeler.,
When we push the magnet north pole
towards coil the left end will also have north
pole according to Lenz’s law as the induced
current always opposes the cause tha
produces it

X 105 A bar magnet falls through a fixed metal ring
(Fig-b). Will the magnet fall with an
acceleration of a freely falling body? Give
reason.

Ans: No, the magnet will not fall with the
acceleration of a freely falling body
When the bar magnet falls through the metal
ring, an induced current will produce in the
ring due to the change in magnetic flux
According to Lenz's law, the induced current
creates a magnelic field that opposes the
motion of the bar magnet. So, the bar magnet
falls with an acceleration less than the
acceleration due to gravity. (a<g)

746 Which of the two charged particles of the
same mass will be deflected most in the
magnetic ficld (a) fast moving (b) slow
moving?
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Ans: I he torce acting ona charge particle moving in
a magnetic field 1s
F= q(v=B) = qvBsind
And the radius of curvature of charge particle
in a magnetc field is
mv
[T — =rxV
qb
It shows that the r is directly proportional to
the speed of moving charge. The large radius
means less deflection and small radius means
most deflection So, the slow moving charge
will deflect most in the magnetic field

07 An electron and a proton are projected into a
/\ magnetic field at right angles to it with a
certain velocity. Which of the particles will
suffer greater deflection? Why?
ans: The force acting on a charge particle moving in
a magnelic field is
F=qlv«B)
As the charged particles projected right angle
to magnetic field then
F=qvb
And the radius of curvature of charge particle
in a magnelic field is

mv
r= —=sr=m
B

It shows that the r is directly proportional to
the mass of moving charge if all other factors
are constant. The large radius means less
deflecion and small radius means more
deflection. The mass of electron is less than the
mass of proton. So, the electron will deflect
more in the magnetc field.

108 Can a single moving proton produce
magnetic field?

Ans: Yes, a single proton can produce magnetic
field. The magnetic field is the mtrinsic
property of moving charges
When a current flowing through a wire. The
moving charges (electrons) in the wire create a
magnelic field around the wire. Similarly, a
single moving proton can generale a magnelic
field B=Xe9Y

nr

109 A magnetic field is necessary if there is to be
a magnetic flux passing through a coil of
wire. Yet, just because there is a magnetic
field does not mean that a magnetic flux will
pass through a coil. Account for this

situation.
Ans.  The magnetic flux s the number of hield hines
passing through anarca Itis calculated as

0, =B A =BAcosh

It shows that magnetic flux can be zero it the
angle between magnetic held and vector area
15 907, even though the magnetic beld 1s there

CONSTRUCTED RESPONSE
QUESTIONS.

10.1 A charge is lying stationary between the
opposite poles of two magnets. [s a magnetic
force exerted on it? Why?

Ans: No magnehe force will act on o stationany
charge The magnetic force can only act on
moving charge The fundamental prninaple
behind 1t is that the simular field interact with
cach other. The charge at rest have no
magnetic field so it has no interaction with
magnelic fidd due magnetc pole We also
have formula for magnetic force on charge
particlere F=qvB. If v=0thenF =0.

10.2 When the switch in the
circuit is closed, a current
is established in the coil
and the metal ring jumps
upward. Why? Describe
what would happen to
the ning if the battery
polarity were reversed?

Ans:  When the switch in the circuit 1s closed, the

current 1s set up in the coil which establish
magnenc field in 1t '

This result in change of magnetic flux
through the metalic ring and hence an
induced emf is produced in it

The induced magnetic hield in the nng
opposes the magnetc held of the coil
(according to Lenz's law) Therefore, the nng
experiences a force of repulsion and jumps
up

The same event occurs even if the polanty of
the battery is reversed

103 The figure shows a coil of
wire in the x-y plane witha
magnetic  field directed
along the y-axis. Around
which  of the three-
coordinate axis should the / ——
coil be rotated in order to A~ —— -~
generate an emf and a
current in the coil?

§ Wre—

pot

.

(

o Jl-




420

Chapter 10 [Llectroslatic and Current E'“'ﬁtitﬂ

Ans:

The conl must be rotafed along x-axis to get
change of magnetic lux and an induced current
through it

It the coil is rotated about y-axis, the flux passing
through the coil zero because plane of the coil
remains parallel to magnetic field B all the imes.
It the coil is rotated about z-axas then n change
of magnetic Mlux takes place through coil.

104 1Is it possible to change both the area of the

Ans:

loop and the magnetic field passing through
the loop and still not have an induced emf in
the loop? Give reason.

Yes it 1s possible to change both the arca of
the loop and the magnetic field passing through
tk2 loop and sull not have an induced emf in the

loop. The magnetic flux through a vectlor area A
placed in umform magnetic field B s fven by,
=B A =BACos0

Lhus il arca A and magnetic field B are

chanped in such a way that product A .1
remains same, it can be done by increasing arca
and decreasing, mapgnete field simullancously
and vice versa Then A¢ = 0, no induced emf is
produced in the loop.

A\
i =0
Al

p = o]

105 Does the application of uniform magnelic

Ans

106

Ans:

field to a moving charged particle result in a
change in kinetic energy of the particle?
Explain,

No. the application of uniform magnenhc hield
does change the kinete energy of the particle.
Explanation:

The force on a moving charge in magnetic field
15 given by F=q(v x B), it shows that magnetic
lorce always acts perpendicular to both the
veloaity of the particle and the magnetic field.
So no work 1s done by magnetic force and
there will be no change in kinetic energy of the
particle. The magnetic force only deflect the
particle into circular path,

A uniform electric field and a magnetic field
act in the same direction. A prolon is
projected, into the space, with a uniform
velocity in opposite direction. What will
happen to the proton?

Ihe projected proton velocity is antiparallel o
both electne and magnenc field as both the

10.7

10.8

Ans:

109

Ans:

field will exerl electric force (1, = k) opprst,
to the direction of proton so the electne fy,,
decelerate the clectron but the magnene f,,
(Fs = (v * B) = evll sinl&+
on prolon motion

A conductor moves in a magnetic field whep,
a current is passed through the conducto,
Would you expect the reverse effect to oceypp
That is, would a current be produced if 5
conductor is moved across the magne;,
field?

0y has iy

Yes, the reverse effect will expeet ac nnjm?
el

the lFaraday’s  law (&= =N of

electromagnetic induction. an induced emf
will produced across the end of conductor |
the conductor 1s the part of closed loop, the
induced current flow due o mduced emf
Consider a conducting rod of lenglh
moving with velocity v to the right as shown
in the figure. Left ends of the conducting
rails are connected to a bulb. Due to motion
of the rod through the magnetic ficld, an emf
is produced across the ends of the rod. This
emf gives rise to a current 1. As a resull, the

bulb lights wup. _ e
Explain  where ~ | | | |
does the electrical o5 s e
energy consumed tred

by the bulb come |

from? e e
Ihe clectrical

cnergy  for the bulb  comes  trom  the

mechanical work done to move the rod. As
the rod moves through the magnetic held, an
EME is induced, driving a current through the
bulb. This current creates a magnetie force that
opposes the rod’s motion 1o keep the rod
moving, external mechamical force must be
conunuously applied, and tus mechancal
energy is converted into the electrical energy
consumed by the bulb

What will you do if you wanit to save a
sensilive instrument from stray magnelic

fields?

lo save o sensitive instrument from stray

magnetic fields, enclose it in a conlainer made of 3
high magnetic permeability material like soft iron

- 3 ]
field are in the same direction The electne
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1 nes

= ;
or mu-metal. Thus matenal diverts magnetic field
around the instrument

COMPREHENSIVE QUESTIONS

101

10.2

103

104

105

10.6

Distinguish between magnetic flux and flux
density. How are they related?
Find an expression for the force exerted on a
current-carrying  conductor placed in a
uniform magnetic field.
State and explain Faraday's law and Lenz's
law. Also describe factors affecting the
induced emf.
Determine the force acting on a charged
particle moving through a uniform magnetic
field
What 1s a velocity selector? Explain s
working
Explain how ferrofluids work?

SOLVED EXAMPLES

10.1:

A 20.0 cm wire carrying a current of 10.0 A is
placed in a uniform magnetic field of 0.30 T,
If the wire makes an angle of 40° with the
direction of the magnelic field, find the
magnitude of the force acting on the wire.

Solution: Length of the wire, L=20.0 cm=020 m

Current, [=10.0 A

Strength of magnetic field, B=030T
Angle, U=10s

Using the formula F=BILsin0.

F=10.0 Ax0.30 T=*0.20 m#sini0s

=30 N/ A-mx0 20 m=0.6428

F=0 600 6428 "
F=038568 N

F=039 N

1022 A reclangular loop of wire Is placed in a

uniform magnetic field of
magnitude 1.2T. If the loop is 25
cm  long anll 20 cm wide,
determine the magnetic flax
through the loop for three
orientations: .

(a) angle between B and area
vector A is 602, (b) angle is 45e,
(c) angle is 30,

.
I

LT

Solution: Magnitude of magnetic field, B=12T

Length of loop =25 em=025m
Width of loop =20 cm=0.20m
Area of the loop, A = length = width

(a)

(b)

10.3:

=0 m=020m=005mi=510 ‘ m’
Using the formula ¢s = BAcost)

Orientation (a): Angle 0 = 90°. 30" = 60
$o=12T = (5= 10 ? m*) = costil)
$o=12x5x102205
$2=006x05=003Wb=3=10'Wh
Orientation (b): Angle 0=90"<{5° =45
Ge=12T * (5% 102 m?) = cosd5*
$p=12x5x 1020707

@8 =006 x 0707 = 0.04242 Wb =4 2«10 Wb
Orientation (c): Angle 0 = 90~ 600 =30
$o=12T = (510" m?) = cos30-
Gn=12x5%102x=0866

Gn =006 x 0866 = 005196 Wb =52=10Wb
An clectron cnters a uniform magnetic field
perpendicularly with a speed of 104 ms!
What path will the electron move along
inside the field?

(B=25Wb m3, m =9.11%10"7 kg, e=16%10"C)

Solution Speed of electron, v =104 m s

10.4:

Magnetic field strength. B =25 Wb m *

Mass of electron, m =911 = 10" kg

Charge of electron, e =16 = 10 C

Angle between vand B, 0 = 90
(perpendicularly)

The force (F) acting on the electron is given by
F=qvDsin0

Since 0 =90, s5in%0'= 1. Also, q=e

So, F=cvD

This force (F) acts perpendicular to the veloaty
(v) and provides the necessary centripetal
force to make the electron move in a curcle
Centripetal force ([) 1s mv3/r

Equating the magnetic force to the centnipetal
force

evB= 10
r

Now, solve for the radius (r)
R=mv/(eB)
Substitute the given values
L 110" kg = 104 ms")
(16«10 C =25 Wbm?)
pm 2 114102)
(4.0<10"y
r=22775=10"*m
r=23=10%m
Conclusion: The path of the electron will be a
circle with a radius of 2310 m
Alpha particles ranging in speed from 1000
ms! to 2000 ms*! enter a velocity selector
where the electric intensity is 300 V m™! and
the magnellc induction is 0.20 T. Which
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panticle will move undeviated thiough the q _ Ghrelng) WY i & Hime of 2 6. Determine the average
Hela? Mmooy Induced emnf

Suluthon

Bl tnbe Piebed patemvnity, 1= WMMEN g o= W N ¢
Aagetic o o, 110201

Omly prartiches o which the electeie foroe (1) Balances

U mmaginwtie foree (s b prass ngdetloted

il = gy
B I
I
Ssulbibite the valies
(N,

WNA"m")
e R T

Comalustonm ATpha particles with a sprsed of 1500 s

will move ndesiated Wb the feld

105 A charged partiche moves thiough o velocdty
selector al a constant velocity Inoa stralgin
T, Phe electile tleld of the velodty seleclor
In Al=10" N OO owhile the magnetie fleld s
0.2 1, When the electele fleld s turned OFF,
the charpged particle travels onoa clicular path
of radlus L0 e, Flnd the eharge to niass ratlo

of the partlcle,
Solutbon: Plectow hiekd, =1 8= 08N ¢!
Magnetic Held, 15=02 1
Radlis o circnlar path, ¢ = Y0om
=X« 107 m

Fiest, B the velocity (v) of the partiche usiog the

selodity selector principle
I
Ve
n
_RaNe)
0rn

v=2d = P ms!

When the elecioie Beld is turned off, the magetic force

provides the centripetal toree for cirenlar motion
Magnetic force (gvll) = Comtripetal force (mvi/1)

y
my

v =

We need 1o tind the charge 10 mass ratio {1/ m)

Rearrange the equation
q v

mo
Now, substitute the value of 'v' (from v = :‘ )

g 1
m -].I’r
Substitute the given values for 1, 1, and ¢
q_ (RN ct)

m o020 (10w

-
- -

§ CAHel0b)
moo et
q =100
mo eI

S [ T
"

o bushomnt e & |Ml|'_l' Tew imvans tatio of e Pt b gy

P b !

10 A metal rod of longth 25 cm ls moving o 4
spreed of 0.5 mn Vina direction perpendicnly,
tooa 025 1T magnetle felide Vil the ggnf
produced I the o,

Soluton: Speed of vod, v= 05 s
Faenggth ook pond, =2 am= 00
Magneti flus demsity, H=02 1 =024 N
Altm!

Tobinceed e, ¢ =7

Ulsing the relation for motional emi when 'v' i
perpemdicular o'W

o= vl

Substitute the values

C=05ma '« 025NA m =020 m
e=00mvsv

=NtV

107 A loop of whre In placed In a uniform
magnetle fleld that Is perpendicular to 1he
plane of the loop. The strength of the
magnetlc fleld s 0.6 T, The area of the loop
beging 1o shrink at o constant rate of
ANA=OH m? o), What is the magnitude of
emf Induced In the loop while it i shednking?

Solutlon: ate of Change of area, A oy

Magoetic i density, B=06 T=06NA Yin !
Number of turns, N =1 (for a single loop)
Indlucod emf, e=?
The magnetic feld s perpendicular to the plane of the
loop, meaning the angle between B and the area vedlor
A b 0 = O, o comtds = )
Phe rate of change of flux is
AA AA

MBI/ AL = B eontiem i 2 )
Applying Faraday's Law, the magnitude of induced
eml s

= N(AGI/ A1)

o= NIMAA/ ALY
Substitute e values

=1 06T=0Rm! s

(=0anv

Concluslon: The magnitude of the indueed

eml s 08 Y

10 A |mn“|w-|y charged particle s projedted
|""|""““' wlarly It a magoetie fleld sl a
nlwu-ll of 15900 s 1 veperhences a foree of
magritude AU what angle O with the fleld,
e prartie fee shsalid be projeciod at o speed of
20000 &', we thal I caperlences the samme
magniiade of furen?

Glven
Propected mpesed = gy = 1500 oy !
Angle ol projestion = 0, = G0y
v purtienced = Fyp= ), =
Projos tion apweadl = vy = 2000 s !
Angle of projection = 6, =il =
salution
As e foree b satiee 1w bkl 0 anes
Fon vl aln D00 = gy 8 ain )

= Vs il
ANy = 2000 4 it
| 500

Sin ) -
2000

|
0= %in! " = 4850 = A

102 Plectrons are accelersted from rest through a
potential  difference of 1% KV in an
oscilloscope. The electrons then pass through a
0351 magnetie field that deflects them 1o the
destred  position on the sereen, Find  the
magnitude of the maximum force that an
electron can experience,

Potenbinl difference = V= 15 kY = 15000 ¥
Magnetic Deld strengih = B =075 |

lotce = Py =7

Solution
Tocalculate specd
oV - '- mv’
2
(160% 10 )(15000) = : (91 = 101

216+ 10 ") (15000)
vi= R —

'{ul 10"

=527 # 10V i 8!
v=7%37 Fms
Fonas = ovil
Fras = (166 2 1019 (73 # 1F) (0.33)
Pae = 4062 100N
103 A square coll of side 15 em cach consists of 60
turna, Initially, it s located in a uniform
magnetic field of magnitude 08 T such that
plane of the coll is perpendicular to the field.
The coll is then turned through an angle of O =

Langth oo sicke oo sepumee conl = 1= e =0 1% m

Avca ol sepuare coll = A o= 11 = 00 15% = 00225 m’

Numnbeer of lurna = N o= 040 tarns

magretie field = B=0#|

Iinial angle =0, = (r

Jotial floe =y = BACom O = 0B # 00225 « | = 001K

Final angle =0y, =y

Vinal magnatle Nus =4, = BA Con Ur = O/ « 00225 «

1 1ty = 000 s wen by

Cliange in flue = A% = & & = 0015 - Q015 = 04124

welay \
Time iterval =Ar= 24

To Vind: .
Ioaduirwdd ewnl, ¢ = ¢

Caleulation:

According Ao Faraday's  law  of  electeamagnetic
iedne biom

t=-N %’:
Putting respestive values,
r= 0my
Sanee minus sign indicates the direction of induced
v, hence,
=DMV
104 A metallic tod Is moving through a uniform
magnetic field of 0.2 1. The emf Induced
across s ends s found to be 08 V. It is
required 1o Induce an emf of 24 V across s
ends. How much field strength is needed for

this?
Civen:
Induced eml, L=0RY
Magnetic field, Bi=021
Peguired induced emf, o =24V
To Find:
Magrwtic field for required emf = 1= 7
Caleulation:
We know that magnitude of motional emf s,
o= 1B Sinh wesaee (1)
Alvo 5y = VI Sint e 111

As Vo L and 0 remain the same So dividing eq (1) by
) (), we get,
L, VIS0

£,  VDB,LSinb
L,
Cr 15, 13,
Ll
Puthing, respective values,
24
Bi= — <02
Ul
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B:=0nl
105 A copper nng has a radius of 4.0 cm and
resistance of 1.0 mQ. A magnetic field is
applied over the ring, perpendicular to ils
plane. If the magnetic field increases trom 0.2
T1o04 Tinatime interval of 5x 10 5, what
is the current in the ring during this intenval?
Given:
Radws of ning, R=40cm =004 m
Resistance of rmg, R=10m©Q=1-10"
Initial magnetic field, B, =021
Final magnetic held, B: =04 T
Iimewmterval AB=B; B=04T-021=021
At=5x10 *s

To Find:
Induced emf. £ =2
Induced current. | =?
Calculation:
According to Faraday’s law  of electromagnetic
induchion;

R
S ]
E=Nat " at
- A(BA) 2 (aBA
Al At
ABar?

o

At
g 02 x(3.14) = (0.04)
5«107

E=02V

0.201

1x10™"
1=201 A
106 A coil of 10 turns and 35 cm? area is in a
perpendicular magnetic field of 05 T, The
coil is pulled oul of the field in 1.0 5. Find the
induced emf in the coil as it is pulled out of
the field.
Given:
Number of turns, N = 10
Area of coil, A =35 cm? = 35 % 107'm?
Magnetic field, AB=05T-0=051
Time inlerval, At=10s
To Find: Induced emf, € =7
Calculation:  According  to
clectromagnetic induclion,

Faraday's law of

N
E=N%,

A(BA Ei
Or L *N"lf‘!
ABA
Ew N-—.\l
0.5x35x10™
E=10x% ——"_1 = o
"E=175x10?V Ans

107 A proton is accelerated by a potentiy
difference of 6 x 10* volts. It then enferg
perpendicularly In a uniform magnetic fielg
B =1.0 weber m?, Find the radius of curvapyge
of the path of the proton. m = 1.67x10-= kg e
=1L6x10"C.

Given
"otential difference = V = 6 x 10° volts
Magnetic field = B = 1.0 weber m 2
Mass of proton = m = 1 67x10 7 kg
Charge on proton =e¢ =16 x10C
Radius of curvature =r =7

Solution

To calculate speed
eVs= & mv?

3

(16X 101°)(6x10°) = -';(1 67 x 102)2
. 2(| 6 x m""](e x 10*) ‘

(167 x w'-“)

v=107x10"ms!

my.

qB

_ (1.67x1077)(1.07 x 107)
(1.6 x1071")1)

r=112x10" = 11.2x107 m
r=112cm

108 A proton enters a uniform magnetic field B =
0.3 weber m in a direction making an angle
45° with the magnetic field. What will be the
radius of the circular path if the velocity of
proton is 10 m s,

Given
Magnetic field = B = 0.3 weber m2
Entrance angle with magnetic field = 0 =45
Mass of proton = m = 1.67x10 7 kg
Charge on proton =e¢ = 1.6 x101*C
Velocity of proton = v = 10/ m 5!
Radius of circular path = r = ?

Solution

v =115 = 10" m 52

r=

miv sinB)’
r

qBy sind =

I
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’ my Sinl)

el b

g
(1 67510 7 )}10")8in4s
LA AL R bl Lo
(610 "y 3

re 200 100 m
Three identical conducting rods Ly, Lyand 1,

19 are moving in different "
planes with the same 1h &
speeds vy =12 =1 =15 "
m s' as shown in the
figure. The length of |, 5 '
cach rod is 60 cm, A /6
constant magnetic field h b Hi-
of magnitude B=05T + °
is directed along z-axis. Find the magnitude
ef emf induced in each rod and indicate
which end of the rod is positive.

Given

Li=l:=Li=60cm=00m
s = =25ms?
magnetic ield strength =B =057
induce emfinrod 1 =g, =7
induceemf inrod 2 =g =7
indoceemfinrod3 == 7

Solution
£ = viBLisin90
n=25%05x06x1=075V
(End a1s positive)
n = viBLisin 0
0=25%x05x06%x0=0V
= viBLisin 0
6=25%05%x006x0=0

1010 Anemf of 0.5 V is induced across the ends of
a metal rod moving through a magnetic field
of 0.4 T. If an emf of 1.5 V has to be induced,
what field strength would be needed for
that? Assume that all other factors remain the

. same,

Given:
Induced emf, =05V
Magnetic field. By=047T
Required induced emf, c2=15V

To Find:
Magnetic field fores,  Be=?

Calculation:
We know that magnitude of motional emf is;
e = 115 1L.Sin0 n

Also gy = VB:1LSin0 ()
As V, L and 0 remain the same So dividing
o (1) by eq (u), we get

£, VBLSin0

e, VB,LSin0

Or B, «=tn
L,
Putting respestive values
" - = <04
as
B = 127
10,11 A charged particle moves through a velocity
selector ata constant velocity of 496 3 1(F m s
Yina direction perpendicular to both F and B,
1 the magnetic field strength is 0114 T, what
should be the magnitude of electric field
intensity  so  that  the particle  moves
undetlected?

Given:
Speed of particke v = 3% 2 100 m s !
Magnetic ield, B=0114T
To Find:
Flectnie el F = ?
Calculation:
The magnetic foree experienced by charged particle i,
magnetic bield s
Fm=qvi e 11
Flectric force expenenced by particle io electric tield s,

Fe=qk et L)
According to given conditions,

gl ~quis

E=vi

L= 49 x 100 0114 = 0 5od = 1!
L=565~10"'NC!

102 A current-carrying >
conductor PQ of length N %
2 m is  placed i —=
perpendicularly  to a P .
magnetic field of flux $ »
density 0.5 T as shown 1 >
in  the figure. The o >

resulling force on the
conductor is 1 N acting into the plane of the
paper. What is the magnitude and direction
of the current?
Given
Length of conductor = L= 2 m
Magnetic flux density = B=05 T
Magnetic force on conductor = F = I N
Current in a conductor = | = ?
Solution
F=1lBSn0
1=1=x2=05%n%
I=1A
By right hand rule or Flenung left hand rale the
direction of current s from Q vod to I

Le (et (et (e



