CHAPTER 14

ELECTROMAGNETI SM
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MULTIPLE CHOICE

The unit of magnetic flux is
A’ weber B Henry C coulomb D tesla

The relation between current I and angle of deflection 8 in a
moving coil galvanometer is

Al B 1 xcos ¢

Clxd D lxsing

The field around a moving charge is called: A\

A Gravitationai field ) B_EJectric figld)\\

C Magnetic fie'd o 1\ 1\ D\ Nonéof the above

The magnetic force expene\nced by a charge particle moving in a
magnetic field wi be maximum if it moves:

A Paralie o7 dgld\ N\ B Anti-parallel to field
C F’erpéndﬁcﬁar to field D. At an angle of 60°
The SI unit of magnetic induction is tesla which is equal to:
= - B N/A-m’ C. N/A*m D. None

A M
A current carrying coil having N turns with area A at an angle 'a’ to

magnetic induction "B". Then torque in the coil is given by:

A NIAB cos a B NIABsma C NIAB D. None
A current carrying conductor is surrounded by

A magnet:c Seld ' B electric field

C agravitationa' field D conservative field

In order to mcrease the range of an ammeter the shunt resistance
is

A decreased

B increased

C kept constant A G ATV WY

D sometimes increased and sometlmes decreased
An ammeter is a galvanometer with

A high rF5|slaﬂ £0 ! B low resistance
C zerd'resistance 0D ncne of these
The unit of magnetic flux density is

A farad 5 tesla

C newton 0 none of thase

The value of shunt resistance R, to convert galvanometer into

ammeter iIs
r

A R,= 7" SIS

L -
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C Ro=; ™ (L RRAZMEON
loconueit a galvaﬂomete'r mto voltmeter a high resistance Rh can
B R, -
1 f‘."
D R,= -~

A charged particle moving in a magnetic field experiences a
magnetic force given by,

AF.=sqv>8 BF.=qv B

C F.=' v Dr .= F_‘__f”‘

A moving proton develops in the surrounding space

A Electric fieid B magnetc fieid

C electromotve force D none of these

The force on a moving charge particle in a magnetic field is
A F,=qBxv B Fe “q v+ B)rq )

C Fu=Q (v x B) DRl Bif. '
An electron enters a . regmn where the “electric field 'E’ is
perpendicular to. magnetrc f@d B‘ it'will suffer no deflection if:

A E =BeV A B B~ eEN C VB=E D VelkE
A devu:ﬁ: \ _hmﬂ'ls used for the detection of current is;
A GaNandmeter . B Ohm meter

C. Voltmeter D AVO meter
The galvanometer can be made sensitive if the value of the factor
C/BAN is:

A Large B Small C Very large D None
Which one of the following is not electromechanical instrument?
A Galvanometer B Voltmeter

C Am meter D. Electric motor

Ammeter can only be used in:

A Series B Parallel

C. Both arrangement D None

Minimum current required to produce a deflectlon of ane mmona
scale at a distance of 1 metar Is- R

A 1 Ampere v O AN B (‘tm ornb

C Current sensitivaly) _ D None

The magnetic f:eld ms:de a current carrying long solenoid is

AN nunnfdrm B weak C unifcim & steady D. zero
If a current flows from top to bottom through a wire then the
direction of lines of force would be

A. Parallel {o wire B. perpendicular to wire

C. clockwise D anticlockwise

A galvanometer whose internal resistance is 50 ©, and current 50
mA, is converted into ammeter of range 5 A. What is the resistance
required:



4

A 0500 B 50 =N ;i:?};;fifj:r NUY b 100

25. The Lorenz force on a charged partlcle movmg in an electric field E
and magnetic ﬁeid B.is gwen by
A F +F, ‘ \B‘F o C.F xF, D F./F.
26. Thegridin CRO:-
A CoHtro|s brightness B. Voltage
C BothA & B D. None
27. Two parallel wires carrying current in the same direction:
A. Repel each other B. Attract
C. No effect D. None
28. One tesla is equal to
A TNA'm B.1NA"
C1Nm? D1INA'mM’
29. An instrument that gives a pointer deflection proportional to the
current through itself is called a _
A. Voltmeter B. Galvanometer
C. Wattmeter D. Potentlometef
30. A voltmeter is always connected ln
A. Parallel = € B $erres _
C Perpendicular. _—\V/ »2- "D Sstraight line
31. A useful device for the me\surement of resistance is:
A Baromejter‘ ] QU B. Ohmmeter
C Ga{Uadometer D. Voltmeter
32. In order to increase the range of ammeter, the shunt resistance is:
A Increased B. Decreased C. Constant D None
33. In order to increase the range of voitmeter, the high resistance
connected to Galvanometer:
A Increased B. Decreased
C. Constant D. None
34. The magnetic force is simply a ‘
A. reflecting force B. deflecting force
C. restoring force D. gravitational force
— ___Answers: =
1A | 2C 3. | 4C | 5A | 6.A [ 7.A |
' _8.A 9.8 | 10.B | 11.B  12.€ | 13A"" 14.B _
' 15.C | 16.C | 17. A,-, 118.B | (19.D" "1‘_;_29_.__5_ ~21.C |
. 22,C | 23.C  24.A " 25 A -y “26.A 27.8 28.D
[_ 29.B | 3Q‘.,A_ 31 B[ 32 B | 33.A ‘___;Q,H_B o
SHORT & LONG QUESTIONS
Q1: How magnetic field due to current in a long straight wire is
produce?
Ans: Magnetic field due to current in a long stralght wire:

Example:
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25. The Lorenz force on a charged partlcle movmg in an electric field E
and magnetic ﬁeid B.is gwen by
A F +F, , \B“F B C F, xF, D F,/F,
26. Thegridin CRO- -
A C@Htro|s brightness B. Voltage
C BothA&B D. None
27. Two parallel wires carrying current in the same direction:
A. Repel each other B. Attract
C. No effect D. None
28. One teslais equal to
A1TNA"m B.1NA’
C1Nm’ D1INA'mM'
29. An instrument that gives a pointer deflection proportional to the
current through itself is called a _
A. Voltmeter B. Galvanometer
C. Wattmeter D. Potent|ometef
30. A voltmeter is always connected ln
A. Paraliel o o B $erres _
C Perpendicular. - »2- "D Sstraight line
31. A useful device for the me\surement of resistance is:
A Baromeﬁerl A B. Ohmmeter
C Gaanrﬁometer D. Voltmeter
32. In order to increase the range of ammeter, the shunt resistance is:
A Increased B. Decreased C. Constant D None
33. In order to increase the range of voitmeter, the high resistance
connected to Galvanometer:
A Increased B. Decreased
C. Constant D. None
34. The magnetic force is simply a ‘
A. reflecting force B. deflecting force
C. restoring force D. gravitational force
o __Answers:
1A | 2¢c [ 3c | ac | 5A ["6A_| 7.A |
_8.A 9.B | 10.B | 11. g_; 12, ch 1387 14.B
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SHORT & LONG QUESTIONS
Q1: How magnetic field due to current in a long straight wire is
produce?
Ans: Magnetic field due to current in a long stralght wire:

Example:



Take a straight, thick copper wire and pass. 1 vemcaliy thrcugh a hole in a

horizontat piece of cardboard Place small compass»,
needles on the cardboargd- along- 3 crrcie With the- centre
at the wire All the compass needl@s ‘will point In the T
direction of N - S. Now/|pass 'a heavy current through the o
wire It will be/seen that the needles will rotate and wil R =Y
. set themselves tangential to the circle @
On reversing the direction ,of current. the R
direction of needles is also reversed. As the current T T
through the wire is stopped, all the needies again point T
along the N - S direction
Conclusions:

Following conclusions can be drawn from the above mentioned experiment:

(i)
(i)

(iii)

Q2:
Ans:

A magnetic field is set up in the region surrounding a current carrying wire.
The lines of force are circular and their direction depends upon the direction
of current.

The magnetic field Iasts only as long as the current IS flcwmg through the
wire N

Describe nght hand rule to f nd the dlred:!on of Imes of force?
Right hand rule; |/
The direction of fhe lmes of,fb\c:e can be found by a rule which is known as

right hand rule and staked as-

“If the) Wrrb 1S grasped in fist of right hand with the thumb pointing in the

direction of the current the fingers of the hand will circle the wire in the direction of
the magnetic field.”

Q3:
Ans:
i.

ii.

Derive a relation for force on a current carrying conductor in a
uniform magnetic field?

Force on a current carrying conductor in a uniform magnetic field:
Consider a rod of copper, capable of moving on a pair of copper rails.

The whole arrangement is placed in between the poie pieces of a horseshoe

magnet so that the copper rod is subjected to a magnetic field directed vertically
upwards.

concuction
rails

When a current is passed through the copper rod from a battery, the rod

moves on the raiis. The relative directions of the current, magnetic field and the
motion of the conductor are shown in Fig.



iv. It can be seen that the force on a conductar IS aiways at nght angles to the
plane which contams the rod andthe d«rectlon of the magnetic field.

V. The magnitude of the force dEpEnds upon the following factors:

(1) The force F is d]rectly \preportional to sin« where a is the angle between the
conduc‘tqa,r aH d'the'field From this. it follows that the force is zero if the rod is
placed-parallel to the freid and 1s maximum when the conductor is placed at
right angles to the field.

F x sina........ (1)

(ii) The force F is directly proportional to the current | flowing through the

conductor. The mare the current, greater is the force.
ol - P

(iii)  The force F i1s directly proportional to tne tlength L of the conductor inside the

magnetic field
F & Lo (3)

(iv) The force F s directly proportional to the strength of the applied magnetic
field The stronger the field, the greater 1s the force If we_ (epresent the
strength of the field by B, then Wiy 10 )

E P-,.

Combining all these four factors, | |

\F k lL B sina.
Where k is cqnﬁtanjt’ bf propomonahty If we follow SI units, the value of k is 1. Thus
in Slunits -~

F = IL B sina (5)
Note: .
i Eq 5 provides a definition for the strength of magnetic field. If I = 1 A
L=1manda =90°thenF =B
i, It can be seen that the force on a current carrying conductor is given both in
magnitude and direction by the following equation:
- F =1L xB

Where the vector L is in the direction of current flow The magnitude of the
vector IL x B s ILB sina. where « the angle between the vectors L is and B.
This gives the magnitude of the force
Q4: Define magnetic induction and Its unlt?
Ans: -Magnetic induction (B) NS
The strength of magnetic field- whlch ns aiso known as magnettc induction is
defined as the force acting-om one\metre length of the
conductor placed at ngpt angle 10'the magnetic field when 1
A current is paqsmg\ through it.
Unit of magﬁetlc induction:
In SI units the unit of magnetic induction (B) is tesia.
Tesla: |
A magnetic field 1s said to have strength of one tesla
if it exerts a force of one Newton on one metre length of the.
conductor placed at right angles to the field when a current
of one ampere passes through the conductor. Thus




= INATMT )
Q5: Describe the rules to determlne the dlrection of magnetic force?
Ans: Direction of magnetlc foroe, '
i Right handrule; |\

The dlrécﬁr}n of the force F is also correctly given by the right hand rule of
the cross product of vectors of L and B i.e., rotates L to coincide with B through the
smaller angle. Curl the fingers of right hand in the direction of rotation. The thumb
points in the direction of force.

il By using dot (®) and cross (x):

In some situations the direction of the force is conveniently determlned by
applying the following rule:

Consider a straight current carrying conductor held at right angle to a
magnetic field such that the current flows out of the plane of paper i.e., towards the
reader as shown in Fig. It is customary to represent a current flowing towards the
reader by a symbol dot (+) and a current flowing away from him by a cross (x):

\ Out of page Into page

iii. Extension of right hand rule:

In order to find the direction of force, consider the
lines of force.

The two fields tend to reinforce each other on left
hand side of the conductor and cancel each other on the
right side of it. The conductor tends to move towards the
weaker part of the field i.e , the force on the condurtor will
be directed towards right in @ direction at right « jles to
both the conductor and the magnetic field. This ru- s often :
referred as extension of right hand rule. it can be seen that <ol
the direction of the force is the same as givan by the’;[fe
direction of the vector L x B. -

Q6: How will you find\ the- dlrectlon of magnetlc field (B), current (I)
and force (F) on the conductor?
Ans: Right hand palm rule:

If the middie figure of right hand points in the direction of the magnetic field,

the thumb in the direction of current, the force on the conductor will be normal to the

palm towards the reader.




Q7: Indicate the direction of the currents when two parallel wires
carrying current moves (a) in opposite direction (b) in same
direction?.

Ans: * (a) Two long parallel wires carrying currents I, and I, in opposite direction
repel each other

(b)  The wires attract each other when the currents are m the same \direction.

Rapuison

Atltraction

Q8: Illustrate magnetic flux and flux density?
Ans: Magnetic flux:

. The number of lines of magnetic mductron
passing through an area piaced in the magnetic field
known as magnetic flux.

Explanation:

Like electric flux, the magnetic flux @,through a
plane element of area A in a uniform magnetic field B is
given by dot product of B and A.

0g = BA

= BACOSO ... O (TN QY[
Note that A is a vector, who‘ rnagmtude is the

area of the element and whose \direction is along the

normal to the surface of \the element, 6 is the angle

between the' dnrl ctions of the vectors B and A. Aa

Case 1: —*
in Fig. the field is directed along the normal to the ]—r_ 5 7‘—’

area so ¢ 1s zero and the flux is maximum, equal to BA. 7 73 ”

Case 2: : R e >
When the field is parallel to the plane of the area, *

the angle between the field and normal to area1s 90° i.e,,
tt = &L so the flux through the area in this position is zero.



Case 3: M\ W)
In case of a curved surfacf] ,‘placed ina non unlform magnetic field, the
curved surface is divided ento a number of small surface elements, each element
being assumed, Iarte and’the flux through the whole curved surface is calculated by
sum of the contr:butlons from all the elements of the surface. '
Unit of magnetic flux:

From the definition of tesla, the unit of magnetic flux is NmA ' which is called
weber (Wb). .
Flux density:

According to Eq. (@3 = B A cos8), the magnetic induction B is the flux per
unit area of a surface perpendicutar to B, hence it is also calied as flux density.
Unit of flux density:

Unit of flux density is, Wbm? Therefore, magnetuc induction, i.e., the
magnetic field strength is measured in terms of Wbm? or NA'm’ ' (tesla).
Q9: Enlist the factor on which magnetic flux depends?
Ans: Since 9, =BAcosd o~ ~ETD
Therefore magnetic flux depends upon: 1\ kg
i Flux density (B) of the magnetlc fi tdi

ii. Surface area A. O AN
iil. Orientation oJf th? Surface W|th respect to the field direction which s mdicated
by cosg NN/ NJ o

Q10: Explain how the magnetic flux density (B) at any point due to a
current carrying conductor can be computed by using Ampere
Circuital law?

Ars: Ampere's law and determination of flux density (B):

According to ampere’s law total flux density or magnetic field, over a closed path

due to current is equal to u, times the total current enclosed by the closed path.

Mathematical form of am pere s law:

r=1(B.AL), = ol

Where Ho is a constant known as permeability of free space. In Sl units its
value is 47 x 107 WbA 'm’’

We know that an electric current produces a
magnetic field Ampere, after carrying out a series o~ S
experiments, generalized his results into a-law_known\ asf.i"l/_fg i
Ampere circuital law by which the magnetic, fiux) density B~
at any point due to a current. carrymg\conductor can be
easily computed as exp! med below:—

Determination of| flux density (B):

i Consnder a closed path in the form a circle of radius

r enclosing the current carrying wire.

ii. This closed path is referred as Amperean path Divide this path into smalil

elements of length like AL. Let B be the value of flux density at the site of AL

Determme the value of B. AL If 8 is the angle between B and AL, then

B.AL = B AlLcosA




B cos 0 represents the component of B alopg the- etemeht of length aL e,
Componentof B parallel to AL Thus B:AL reprESents the product of the length of °
the element AL and the compcnent of B, parqtlet to. AL
iii. Ampere stated that the sum of the'quantities B. AL for all path elements into
which the complete 'eqpt tha 'been divided equals o times the total current enclosed
by the loop,
iv. Permeab:l:ty of free space:

Where Mo IS @ constant known as permeability of free space In Sl units its
value i1s 4 x 10 WbA'm™ This can be mathematically expressed as
(B.AL), + (B AL); + . +(B.AL), +. + (B AL)n = py!

N (B.AL), = pol..... (N

Where (B.AL), is the value of B. AL along the r th element and N is the total
number of elements into which the loop has been divided. This is known as
Ampere's circuital law
Q11: Derive a relation for a field due to a current carrying solenoid by

using ampere’s law? OR Describe the application of ampere s law?
Ans: Solenoid: Ty

A solenoid is a long. tightly wound, cylindrical c:ml‘ij\j\\ TCAY
of wire. When current passes through suc ! “‘Coﬂ
behaves like a bar magnet ' A A ;

The field inside a_lgng smlenmd is uniform and
much strong whereas| uté & the solenoid, it is so weak
that it can be neglté qed as compared to the field inside.
Field due to a current carrying solenoid:

The value of magnetic filed B can be easily determined by applying

Ampere's circuital law. Consider a rectangular loop | . .
abcd as shown in Fig. oolenoasoeduse
Divide it into four elements of iength —— ol
ab=¢, ,bc = ¢, cd = £3,andda = ¢, D e
Applying Ampere's law, we have B e e
T4..(B.AL), = pox current enclosed S e
(B. L)y + (B. AL);*(B. AL)s+(B. AL)s=po % current -

enclo'cd W

Calculation of the value of B. AL:
Now we will calculate the value of B AL for each of the alemgnts
Calculation of the value of (B. AL)p it \
First we will consider the element &b =1, that hes msnde the solenoid. Field
inside the solenoid is unifor and is! \paratlel to
,ijt“-\" B ﬂL)1 = ’€1BCOS 0° = €, B
Calculation of thé value of (B. AL)3:
For the element cd = #,, that lies outside the solenoid, the field B is zero, so
(B.AL)y= 0
Calculation of the value of (B. AL); and (B. AL)4:
Again B is perpendicular to £, and ¢, inside the solenoid and is zero outside,

SO
(B.aL), = (B.AL)y=0



Calculation of the value of T%_, (B BL)ei\ Ay N [ \o="
tu(B.AL), 5 BA(x CUrrent enclosed
Calculation of the value of flux demuty along a loop:

To find the curr?nt enclosed ‘consider the rectangular surface bounded by
the loop abcda I ,.

i n is'the number of turns per unit length of the solenoid, the rectangular
surface will intercept n#,, turns. each carrying a current 1. So the current enclosed
by the loop is nésl. Thus Ampere's law gives

831 = Ho XN £
B=pnl ... (1)
Direction of field B along the axis of solenoid:

The field B is along the axis of the solenoid and its direction is given by right
hand grip rule which states "hold the solenoid in the right hand with fingers curling in
the direction of the current, the thumb will point in the direction of the field".

Q12: Derive a relation for force on a moving charge in a magnetic field?
Ans: Force on a moving charge in a magnetic field:
. Consider the situation as shown in F|g where we see/a portmn of the wire

thatis carryingacurrentl. T\ (7 (20
ii. Suppose there are n charge carners pe{r un:f
volume of the wire, and that each\is moving with
velocity v as shown. We \will\now find how long it
takes for all | e;dhﬁl‘de carriers originally in the wire
segment shown to exit through the end area A.
fii. The volume of the wire segment is AL.

Because there are n charge carriers per unit volume, {( e ot e 94
the number of charge carrier in the segment is n AL. ‘
iv. If the charge on a charge carrier is q, each of it, as it crosses the end area,

will transport a charge g through it.
V. Assuming the speed of the carriers to be v, the carrier entering the left face
of the segment takes a time At = L/v to reach the right hand face During this time,
all the charge carriers originally in the segment. namely n AL, will exit through the
right hand face. As each charge. carrier has a charge q, the charge AQ that exits
through the end area intime At = Livis ‘

AQ = nAlq N 2O\
Then, from the definition of the current, the current I through the conductor IS
AQ nA L q )
= -—‘7—{3 nAqv .......... (1)
vi. The force on theI segment Lofa conductor carrying current [ is given by
Substttuirng the value of the current |, from Eq. 1 we get,
Fe=nAgvLxB ... .. (2

vii. In Fig., it can be seen that the direction of the segment L is the same as the
direction of the velocity of the charge carriers. If [ is a unit vector along the direction
of the segment L and ©, a unit vector along the velocity vector v, then i, =

VL = vIL= viL = vL
Substituting the value of v L in Eq. 2, we have



F. = nAg (vL) x B = nALqy xBO
NAL is the total number of charge carr:e‘s"n\.,the segment L so the force
experienced by a single ch‘arge carrler €\(Q WAL L

Thus the fc;rte'éxpenenced by a single charge carrier moving with velocity v

in magnetic figld of strength Bis
F=q(vxB) ... (3)
viii.  Projection of electron ion the magnetic field:

If an electron is projected in a magnetic field with a velocity v, it will
experience a force which is given by putting q = - e in Eq. 3 where e is the
magnitude of the electronic charge.

F=-evxB ... (4)
ix. Projection of proton in the magnetic field:
In case of proton, F is obtained by puttingq = +e.
F=+evxB _ .. ... (5)

The direction of the force on a moving negative
charge will be opposite to that of positive charge. Due to
this force, the electron is deflected in the downward Z
direction as it enters into a magnetle f4eld Wherees
protons ‘are positive charge expenencgs a’ force in the
upward direction. \ )

Maximum force: [\ N o)

It may: b nbted that the magnitude of the force on a moving charge carrier is
qvB sinf where 6 is the angle between the velocity of the carrier and the magnetic
‘field. It is maximum when 8 = 80° i.e., when the charged particle is projected at right
angles to the field.

Minimum force:

Force is zero when 8 = 0° i.e., a charged particle projected in the direction of
the field experiences no force.

Q13: Discuss the motion of charged particle in an electric and magnetic
field? OR Derive a relation for Lorentz force?

Ans: Motion of charged particle in an electric and magnetic field

(Lorentz force):

1. When an eledtric charge q is placed in an electrlc feld E It experlences a
force F parallel to electric f;eld It is gwen by 1)\ gm\O
ii. if the charge is- free Ao mo‘ ‘e then it wm
accelerate accordmg to Newton s\ second law as
E
a ,,—4~ :"fﬂ ............... (1)
iii. When a charge particle q is moving with velocity

v iy a region where there is an electric field E and
magnetic field B, the total force F is the vector sum of the electric force qE and

magnetic force g (v x B) that s,



This force F is known as the Lorentz force
It 1s to be pointed out\that on‘ ; th‘ |

_ "e‘Iectric force does work. while no work is
done by the magnetlc for'ce whfch is'simply a defiecting force.
Lorentz force: [N\ o
The total force F is the vector sum of the electric force gE and magnetic
force g (v x B), this force is known as Lorentz force. That is,
F = Fe+Fp
F = qE +q(v x B)
Q14: What is effect of electric force that acts on a positive charge
parallel to electric field?
Ans: The electric force F that acts on a positive charge is parallel to the electric
field E and causes the particle's trajectory to bend in a horinontal plane.

Q15: Explain the method for the determination of e/m of an electron.
Also describe the method to measure radius and velocity of

electron?
Ans: Determination of e/m of an electron: ‘
i Let a narrow beam of electrons moving with a constant speed v be projected

at right angles to a known uniform magnetic field B directed into plane of

paper. The electrons will experience a farce B (0w paper)

F - eV B X x » x L
ii. The direction of the force will be perpendlcular to PR~ \ x'tt; .
it As the electron is expenenc]ng a force the,‘

magnitude of the force i1s quB/sing.(As 815 90° - ‘:' =
so F= evB. As both v and B 'do not change. the

magnitude of \is,constant Thus the electrons

are sub;écfbd to a constant force evB at right

angle to their direction of motion. Under the % ""‘
action of this force, the electrons will move

along a circle as shown in Fig.

‘-.
x ;
¢ F .

: . 2
iv. The magnetic force F = Bev provides the necessary centripetal force -"-':— to

the electron of mass m to move along r a circular trajectory of radius r Thus
we have



If vand r are known, e/m (6hi,a“‘fg‘jé»(m.,é’s!s¥-ldf’the electron 18 determined.
v.  Measurement of a radius with the help of electronic trajectory:

The radius r'is measured by making the electronic trajectory visible. This is
done by filling a glass tube with a gas such as hydrogen at low pressure. This tube
is placed in a region occupied by a uniform magnetic field of known value. As
electrons are shot into this tube, they begin to move along a circle under the action
of magnetic force. As the electrons move, they collide with atoms of the gas. This
excites the atoms due to which they emit light and their path becomes visible as a
circular ring of light. The diameter of the ring can be easily measured (radius =
diameter/2).

V. Measurement of a velocity of the electrons:

In order to measure the velocity v of the electrons, we should know the
potential difference through which the electrons are accelerated before entering into
the magnetic field. If V is this potential difference, the energy gained-by electrons
during their acceleration is Ve. This appears as the _ﬁingtjq@ﬁ@e{gjfgpjﬁ'=,él‘ébt‘rons

AN U o Nm
Substituting the Valie of v'in Eq. 1, we have
e 2v
;n- . _Bz—ri ........ (2)
Q16: Describe the construction, working.and the use of cathode ray

oscilloscope?
Ans: Cathode ray oscilloscope (CRO):

Cathode ray oscilloscope (CROQ) is a very versatile electronic instrument
which is, in fact, a high speed graph plotting device. It is used for analysis of

waveform.
¥ Filginen A ALA. = Anodss
= Cathooe X X = Horzontyl deliection olates P
5= Geid Y Y= Verncal dellectsn plalss
§- Fhuoreocwnt sarcen /

\

,a_?lc

Principle of Cathode ray oscilloscope (CRO):

It works by deflecting beam of electrons as they pass through uniform
electric field between the two sets of parallel plates as shown in the F g
working of Cathode ray oscilloscope (CRO):



The deflected beam then falls on a fluorescenl screerr where nt makes a
visible spot. o~

it can display graphs of functions whll:h rapldly vary w1th tlrne

Why it is called Cathode ray oscilloscope (CRO):

It is called cethptle ray ‘oscilloscope because it traces the desired waveform
with a beam of electrons which are also called cathode rays.
Construction of Cathode ray oscilloscope (CRO):
Electron gun:

The beam of the electrons is provided by an electron gun which consists of
an indirectly heated cathode, a grid and three anodes.
Function of filament:

The filament F heats the cathode C which emits electrons. The anodes A,
Az, A; which are at high positive potential with respect to cathode, accelerate as well
as focus the electronic beam to fixed spot on the screen S.

Function of Grid:

The grid G is at a negative potentlal with respect to cathode. It controls the
number of electrons which are accelerated by anodes and thus At controls the
brightness of the spot formed on the screen. 1o\ (QLVY -

The formation of waveform of various- vultages fonned in CRO:

i The two set of deflectlng plates shown'in-Fig. =
are usually referred as x|\ and \y \ de‘lectlon plates
because a voltaqe aﬁiplled 'between the x plates T
deflects the béérﬁ “horzontally on the screen ie.,
parallel to x-axis. !

ii. A voltage applied across the y plates deflects

PN & S

-

the beam vertically on the screen i.e., along the
y-axis. 3
iii. “Sweep or time base generator: T ;

The voltage that is applied across the x plates —> 1y

is usually provided by a circuit that is built in the :
CRO. It is known as sweep or time base generator. Its output waveform is a saw
tooth voltage of period T.

iv. The voltage increases linearly with time for a period T and then drops to
zero. As this voltage is impressed across the x plates, the spot is deflected linearly
with time along the x-axis for a time T. Then the spot. re’turns to’ tts startmg point on
the screen very quickly because a saw tooth voltage rapndlylalls to its initial value at
the end of each period. We can actUally see the 'spot! moving on the x-axis. If the
time period T is very short we see ;usta bright line on the screen.

V. Application of. sinusoidal voltage:

If a smu&oidal voltage is applied across the y plates when. simultaneously,
the time base voltage Is impressed across the x plates, the sinusoidal voltage, which
itself gives rise to a verticalline, will now spread out and will appear as a sinusoidal
trace on the screen The pattern will appear stationary only if the time T is equal to
or is some multiple of the time of one cycle of the voltage on y plates It is thus
necessary to synchronize the frequency of the time base generator with the
frequency of the voltage at the y plates. This is possible by adjusting the
synchronization controls provided on the front panel of the CRO.



Uses of Cathode ray oscilloscope (CRO) 1SN\ (C 1s
i. The CRO is used for d!splaymg the. waveform af d. gwen voltage Once the
waveform is displayed, we can measure' the voltage its’ frequency and phase. For
example, Fig. shows the waveform ‘of-an” alternating voltage As the y-axis is
calibrated in volts and, tme x-axis in time, we can easily find the instantaneous value
and peak valag bf the voltage

ii. The time period can also be determined by using the time calibration of x-
axis.
1R Information about the phase difference ‘between two voltages can be

obtained by simultaneously displaying their waveforms. For example, the waveforms

of two voltages are shown in Fig. These waveforms show that when the voitage of I

Is increasing, that of II is decreasing and vice versa. Thus the phase difference

between these voltages is. 180°.

Q17: Derive a relation for torque on a current carrying coil?

Ans:  Torque on a current carrying coil:

i. Consider a rectangular coil carrying a current /. The coil is capable of
rotation about an axis. Suppose it is placed in umform magnetlc field B with
its plane along the field. _ € ' P

ii We know that a current carrying conducwr 01‘\

‘length L when placed in a magnetlc field | experlences

a force F = ILB sin 8 w?'rere 9\.15 the\angie between

conductor and the field, | !
iii. in casqloi“t hdes AB and CD of the coil, the - ¢ e
angle 6 is zero or 180°, so the force on these sides will ; ‘Y.t
be zero. - F' 51 .
iv.  In case of sides DA and BC, the angle 6 is 90° 1 = il
and the force on these sides will be *

Fi = F, = ILB , ! o
Where. L is the length of these sides, F,, is the force ' “
on the side DA and F, on BC. x
V. The direction of the force is given by the vector | L x B. It can be seen that

F,, is directed out of the plane of paper and F; into the plane of paper.

Therefore, the forces F, and F; being equal and opposite form a couple which tends

to rotate it about the axis.

vi. The torque of this couple is given by
= Force x Moment arm = | LB xa_ .?'i??;/ P

"Where ‘a’ is the moment arm of: the cauple and is)

equal to the length of the‘x._ l ide AB or\CD Lais the

area A of the coll, o B0 | \\U

T ,-—uéA .......... (1)

Note that the' \Eq. 1 gives the value of torque when the C axcosu

field B is in the plane of the coil. However if the field

makes an angle a with the plane of the coil, as shown in Fig., the moment arm now

becomes a cos a. .

So

= [LBxacosa = IBAcosa  ........ (2)



Q18: Describe the prmcnple, construction . 'and o working of the
galvanometer’? -
Ans: Galvanometer: 2\ |\ (|| po

A gaivanometer] IS an! electncal mstrument used to detect the passage of
current. ININNA
Principle of galvanometer'

The working of galvanometer depends upon the
fact that when a conductor is placed in a magnetic field, it
experiences a force as soon as a current passes through
it
Construction of galvanometer:

The construction of a moving coil galvanometer is
shown in Fig.

i A rectangular coil C is suspended between the

concave shaped poles N and S of a U-shaped magnet

with the help of a fine metallic suspension wire.

it. The rectangular coil is made of enameled copper

wire. It is wound on a frame of nonmagnettc matenéi THe (¢
suspension wire F is also used as one| currem \ead 10

the coil The .other termmal of the cst connected to a loosely wound spiral E
whigh serves as the seq nd\ ourrem lead.

iii. Asoft mm cylinder D is placed inside the coil to
make the fleld radial and stronger near the coil as shown
in Fig.

Working of galvanometer:

i. Production of torque:

Due to this force. a torque t acts upon the conductor if it is in the form of a coil or
loop

T = NI1BA cosa

where N is the number of turns in the coil, A is its area, | is current passing
through it, B 1s the magnetic field in which the coil is placed such that its plane
makes an angle a with the direction of B. Due to action of the torque, the coil rotates
and thus it detects the current.
iv. Deflecting couple: G

When a current 1s passed through the coil, itis: acted upon by a couple which
tends to rotate the coil. This couple-is known as\ deﬂecttng couple and is given by N
I B A cos a. As the coil'is-ptaced-in| a/ radzai magnetic field in which the plane of the
coil is always paraﬂel tlo th eld so a’is always zero. Thus makes cosa = 1 and
thus, o\

Deﬂec‘twg*couple - NIBA
V. Torsional couple: . .

As the coil turns under the action of deﬂectmg couple, the suspensmn wires
is twisted which gives rise to a torsional couple
Restoring couple: :

It tends to untwist the suspensmn and restore the coil to its original position
This couple is known as restoring couple. The restoring couple of the suspension




wire 1s proportional to the angle of deﬂectlon 6 as iong as fhe 5u5pen5|on wire
obeys Hooke's law. Thus O, A \f \\ N [ =

: ""R.estonnétbrdue =ch

Where the onsltlantbc 'of the suspension wire is known as torsional couple
and is defined(as couple for unit twist.
Calculation of current (I):
Under the effect of these two couples, coil comes to rest when
Deflecting torque = Restoring torque

&= T
1=_9 (1)
Thus l x 8 since oan = constant

Thus the current passing through the coil is directly proportional to the angle
of deflection.
Q19: Describe the methods which are used for observing the angle of
deflection of the coil?
Ans: Methods for observing the angle of deflection:
There are two methods commonly used for obsemng the angle of deflection
of the coil. ARY \
i Lamp and scale method: | \//|\( () \\ 20— &
"the “angle of

In sensitive galvangmeters’
deflection is obse q‘d, by\ means of small mirror
attached to-« ttpéi goll -along with a lamp and scale M
arrangement.

A beam of lght from the lamp is directed
towards the mirror of the galvanometer. After
reflection from the mirror it produces a spot on a
translucent scale placed at a distance of one metre from the galvanometer. When
the coil rotates, the mirror attached to coil also rotates and spot of light moves along
the scale. The displacement of the spot of light on the scale is proportional to the
angle of deflection (provided the angle of deflection is small).

Q20: Which type of galvanometer is used in schools and college
laboratories? - Upper spring
Ans: - Pivoted type galvanometer:

The galvanometer used in school and college =%
laboratories is a pivoted type galvanometer. In this<\| | = L
type of galvanometer, the coil is pivoted-betwéen two | ) Lor
jewelled bearings. The restoring- tarqu@ is- provlded
by two hair springs whlc_ "-a"lso serve as current
leads. A light al rr}mnumJ pointer is attached to the coil
which moves'lover a scale. It gives the angle of /
deflection of the coil. e
Q21: How a galvanometer can be made more sensitive? OR Write a note

on the sensitivity of a galvanometer?

Ans: Sensitivity of a galvanometer
Since I = EKE 0

Permanent
magnet



Thus 1x6 smce‘

i. it is obvious from above Eqs\that a galvanometer can be made more
sensitive (to give large} deflection for a given current) if ¢/BAN is made small. Thus,
to increase sendlttw{y ofa galvanometer, ¢ may be decreased or B, A and N may be
increased '

Method to decrease couple c:

The couple ¢ for unit twist of the suspension wire can be decreased by
increasing its length and by decreasing its diameter. This process, however, cannot
be taken too far. as the suspenston must be strong enough to support the coil
il Another method to increase the sensitivity of galvanometer is to increase N,
the number of turns of the coil. In case of suspended coil type galvanometer. the
number of turns cannot be increased beyond a limit because it will make the coil
heavy.
fii. Method to compensate for the loss of sensitivity:

To compensate for the loss of sensitivity, in case fewer turns are used in the
coil, we increase the value of the magnetic field employed g W~ U
Current sensitivity of a galvanometer: (" (7 |\ I(

We define current sensitivity of 3\ gaivanometer as the current, in
microamperes, required {0 praduce \one| rmllimetre deflection on a scale placed one
metre away from the mlrror of the galvanometer.

Q22: Explam ,wﬁaf‘lé meant buy stable or dead beat galvanometer?

Ans: Stable or dead beat galvanometer:

i ‘When the current passing through the galvanometer is discontinued, the coil
will not come to rest as soon as the current flowing through the coil is stopped. It
keeps on osciliating about its mean position before coming to rest.

ii. In the same way if the current is established suddenly in a galvanometer, the
coil will shoot beyond its final equilibrium position and will oscillate several times
before coming to rest at its equilibrium position.

lil. As it is annoying and time consuming to wait for the coil to come to rest,
artificial ways are employed to make the coil come to rest quickly. Such
galvanometer, in which the coil comes to rest quickly after the current passed
through it or the current is stopped from flowing through it, is called stable or a
dead beat galvanometer.

Q23: What Is an ammeter? Explaln how - galvnnomemr can be

converted into ammeter? "\ W'

Ans: Ammeter: : / - U

An ammeter is an’ eleotncal métrument whtch is used to measure current in
amperes. This is basncquy a galvanometer.
Placement of Jamﬂ'heter in circuit:

Ammeter is always connected in series with the circuit through which the
current is passing.
Meter-movement:

The portion of the galvanometer whose motion causes the needle of the
device to move across the scale is usually known as meter-movement. Most meter
movements are very sensitive and full scale deflection is obtained with a current of




few miliamperes oniy. So an ordinaty, gaivanomete.‘r cannot be used for measuring
large currents without proper delflcatJGO

Suppose we haye a galvanometer whose meter - movement (coil) has a
resistance R anp whsc ‘gives full scale deflection when current 1, is passed through
it. From Ohm s/law we know that the potential difference V, Wthh causes a current
Igto pass through the galvanometer is given by

Vg = Iy Ry
Conversion of a galvanometer into ammeter:
Use of Shunt:

If we want to convert this galvanometer into
an ammeter which can measure a maximum current
[, it is necessary to connect a low value bypass
resistor called shunt. The shunt resistance is of such
a value so that the current |, for full scale deflection
of the galvanometer passes through the
galvanometer and the remaining current (/ — Ig ) ]
passes through the shunt in this situation. PR
Calculation of Shunt resistance! (R,} BRC.

The shunt resnstance Rs can be\calcufated from the fact that as the meter -
movement and the sh pt are \connected in parallel with each other, the potential

difference acree§ rt,He ﬁﬁeter - movement is equal to the potential difference across
the shunt.

Re =(7-1) R,

- -_‘g'_
Ro= 7Ry e (1)

Shunt resistance (R;) should be very small:
The resistance of the shunt is usually so small-that a piece of copper wire
serves the purpose The resistance of the ammeter is the combined resistance of
the galvanometer's meter-movement and the shunt. Usually it is very smail. An
ammeter must have a very low resistance so that it does not disturb the circuit in
which it 1s connected in series in order to measure the current.
Q24: What is a voltmeter? Explain how a galvanometer can be converted
into voltmeter? ~A)
Ans: Voltmeter: 2 ke
A voltmeter is an electrical device wmch measures the potentlal difference in
volts between two points, This, too,is Qade by -modifying a galvanometer.
Placement of vo!tmeher in clrcmt
Since Tveltmeter is  always
connected lnwﬂareﬂel it must have a very
high resistance so that it will not short the
circuit across which the voltage is to be
measured. This is achieved by connecting a
very high resistance R, placed in series with
the meter-movement.




Conversion of a galvanometer into ammeter: [/ | 0=
Conversion of a galvanometer :ntnvdtmeter- VY[
Suppose we have a meter:- movemem\whose reslstance is R, and which deflects full
scale with a current I In, Order to_make a voltmeter from it whnch has a range of V
volts, the value of the| ngh resistance R, should be such that full scale deflection will
be obtained" wken it is connected across V volt. Under this condition the current
through the meter - movement is lg. Applying Ohm's law we have

V =15 (Rg + Rp)

Ig = Ry + R

Rh= — =Ry oo (1)
9’

Conditions for connecting voltmeter:

i It may be noted that a voltmeter is always connected across the two points
between which potential difference is to be measured.

ii. Before connecting a voltmeter, it should be assured that its resistance is very
high in comparison with the resistance of the circuit across which it is
connected otherwise it will load the CerUIt and Wrﬂ aﬂer the potential

- difference which is required to be rneasured —
Q25: Whatis an ohmmeter"—l)esqlbe its' constructnon and working?

Ans: Ohmmeter: ‘ \8!
It is a useful dg\hce.for rapid measurement of unknown resistance

Placement of. H)Hi'nmeter in circuit:
It consists of a voltmeter, a variable resistance of known value and a battery
connected in series with one another.
Construction of ohmmeter:
It consists of a galvanometer, and adjustable
resistance ry and a cell connected in series.
Working of ohmmeter:
i The series resistance r, is so adjusted that when
terminals ¢ and d are short circuited, i.e., when R = 0,
the galvanometer gives full scale deflection. So the
extreme graduation of the wusual scale of the
galvanometer is marked O for resistance measurement.

ii. When terminals ¢ and d are not joined, no .~ ~(C
current passes through the galvanometerandhits, \\"' (2.~
deflection is zero. Thus zero of the scaie. s marked Yo o
as infinit DARY 0
Y 0 Scale 10mA

iii.  Now a known p'eSIStance R is connected

across the termmaié ¢'and d. The galvanometer

deflects to some intermediate point. This point is calibrated as R. In this way the

whole scale is calibrated into resistance.

iv. The resistancé to be measured is connected across the terminals ¢ and d.

The deflection on the calibrated scale reads the value of the resistance directly

Q26: Discuss how AVO meter (Multimeter) is used to measure voltage,
current and resistance?

Ams: AVO meter (Multimeter):



asufe)\ currért-in amperes, potential

It is an instrument which can me
difference in volts and resistance in ohms
Construction of AVO meter (Multimeter):

It basically. consists 'of-a sensitive moving coil Y e ""ﬂ"
galvanometer/\which ‘is converted into a multirange
ammeter, voltmeter or ohmmeter accordingly as a X | Currarc measuaing |
Current measuring circuit or a voltage measuring ; e
circuit or a resistance measuring circuit is connected I
with the galvanometer with the help of a switch ‘-_i_ﬁ_m..m.....um.q
known as function switch. X, et

Here X, Y are the main terminals of the AVO G
meter which are connected with the circuit in which @“"

measurement is required. FS is the function selector
switch which connects the galvanometer with relevant measuring circuit.

A

Voltage measuring part of AVO meter: )
The voltage measuring part of the AVO meter "‘4" ﬂ% R% .

g R
15V B0V

is actually a multirange voltmeter It consists of a_
number of resistances each of Wh'Chcanbe
connected in series with the /moving" \coil- [
galvanometer with the help of @ \switch called the
range switch. T\ LD

150V

Runge
ewitch

The value afjeaq:H "\‘#elslstance depends upon the @
range of the voltmeter which it controls. _ =/

Alternating voltages are also measured by AVO meter. AC voltage is first converted
into DC voltage by using diode as rectifier and then measured as usual.
Current measuring part of the AVO meter:
The current measuring part of the AVO meter 1Is
actually a muftirange ammeter. It consists of a
number of low resistances connected in parallel with
the galvanometer. The values of these resistances
depend upon the range of the ammeter.
The circult alsc has & range selection switch RS
which is used to select a particular range of the
current. X BN
Resistance measuring part of the AVO meter: [/~ (C

The resistance measuring part of AVO meteris,
in fact, a multirange ohmmeter Circuit/for each range of
this meter consists of abatteryofem?V and a variable
resistance r, connected in\series with galvanometer of
resistance Ry/\When the function switch is switched to
position X,, this circuit is connected with the terminals X,
Y of the AVO meter.

Before measuring an unknown resistance by an
ohmmeter it is first zeroed which means that we short
circuit the terminais X, Y and adjust r,, to produce full

scale deflection.

5 mA




Q27: Write a short note on Dlgltal Multlmeter (DMM)"
Ans: Digital Multi eter (DMM):

Another| uséful /device to measure resistance, current and voltage is an
electronic instrument called digital multimeter.

It is a digital version of an AVO meter. It has become a very popuiar testing
device because the digital values are displayed automatically with decimal point,
polarity and the unit for V, A or Q. These meters are generally easier to use because
they eliminate the human error that often occurs in reading the dial of an ordinary

AVO meter

‘ | SUMMARY |

p A magnetic field is set up in the region surroynding a current carrying
conductor.

2. The right hand rule states, "If the wire is grasped m the ﬁstLof nght hand with
the thumb pointing in the direction' of current the fmgers of the hand will

} circle the wire in the" direction'o the magnetlc field"

3. The strength of the magnetlc?'r Id or magnetic induction is the force acting
on one Lnetqfuéngth of the conductor placed at right angle to the magnetrc
field when current is passing through it.

4. A magnetic field is said to have strength of one tesla if it exerts a force of
one Newton on one metre length of the conductor placed at right angle to the
field when a current of one ampere passes through the conductor.

s The magnetic flux ¢ through plane element of area A in a uniform magnetic
field B is given by dot product of B and A.
6. Ampere circuital law states the sum of the quantltles B AL for all path

elements into which the complete loop has been divided equals Mo times the
total current enclosed by the loop.

7. The force experienced by a single charge carrier moving with Veloc:lty vV in
magnetic field of strength Bis F =q (v x B).

8. Cathode ray oscilloscope (CRO) is a high speed graph plotting device. It
works by deflecting beam of electrons as they pass. through umform electric
field between the two sets of paraile| plates. ‘. o

9. A torque may act on a currem carrysng coil p1aced in a mlgnetzc field.

= |[ABcosa O\~ \

100 A galvanometer s an electrrc dewce which detects the flow of current. it
usually, ionshsrs of'a coil placed in a magnetic field As the current passes

_ through'the coil, the coff rotates, thus indicating the fiow of current

11. A galvanometer is converted into an ammeter by properly shunting it.

12, A galvanometer is converted into a voltmeter by connecting a high
resistance in series.




14.1. A plane co fuctmg loop |s Iocated in a uniform magnetic field that
is dnrgctéd" ong the x-axis. For what orientation of the loop is the
flux_maximum and for what orientation is the flux a minimum?

Ans: The flux will be the maximum when the plane of tne loop will be

perpendicular to the magnetic fieid (perpendicular to x-axis) The flux will be the

minimum when the plane of the loop wili be paralle! to the magnetic field (paraliel to

X-axis)

Since 0, = BAcost et —
Case 1: — q(.-M_F_A_——.——.

In Fig. the field is directed along the normal to — =%
the area, so ¢ is zerc and the flux 1s maximum, equal to + ——
BA _AVZ'_ —
Case 2:

When the field is paralle! to the plane of the area-the angte between the field
and normalto areais 90  1e . 6 = 90° sQ the flux thrdugmhe -area in this position is
zero S VAR \RSA\R
14.2. A current in & conﬁuctor‘produces"a magnetlc field, which can be

calculated u].rrmg Ampere's law. Since current is defined as the rate

of fqamr df Eharge, what can you conclude about the magnetic field
dueto stationary charges? What about moving charges?
Ans: Stationary charges will not produce any magnetic field as-it requires the
.movement of charges Moving charges. however will give rise to a magnetic field
which will be 1n a plane perpendicular to their velocities and can be calculated using
ampere's law
14.3. Describe the change in the magnetic field inside a solenoid carrying

a steady current I, if (a) the length of the solenoid is doubled but

the number of turns remains the same and (b) the number turns is

doubled but the length remains the same.
Ans: Magnetic field inside a solenoid 1s

B—i"—ﬂ'i = Bocf and chN,;
Therefore, it is clear that
(a) By doubling length L the magnetic faeld wm be haived

(b) By doubhng mfmbe, (‘f‘*-.‘turns N ‘the maonet:c field will be doubled
j NN B x N
14.4. At a glven instant, a proton moves in the positive x direction in a
region where there is a magnetic field in the negative z direction.
What 1s the direction of the magnetic force? Will the proton
continue to move in the x direction? Explain.
Ans: | Direct.2n o/ the magnetic torce:

Since =gV ’

. i . BT {‘\T



The direction of magnetic field. according’ to right hamd rule IS aiong +y-axis.

The proton will be deflected by the magnétlc forzce and.will start circulating and will

not move  the x-directiom’ any more

ii. Movement fproton _ .
No, thg ;brdtcﬁx ‘will move in xy-plane.

14.5. Two charged particles are projected into a region where there is a
magnetic field perpendicular to their velocities. If the charges are
deflected in opposite directions, what can you say about them?

Ans: The magnetic force on @ moving charged particle is F= tq (v x B).

Clearly, if the charges are defiected in the opposite directions, the forces must be

opposite, which is only possible when the charges have opposite nature i.e. one 1s

positive (proton) and other is negative (electron).

14.6. Suppose that a charge q is moving in a uniform magnetic field with
a velocity v. Why is there no work done by the magnetic force that
acts.on the charged, q?

Ans: Since magnetic field is a conservative field and work done-inaa \conservative

field in a closed path 1s always zero. As the- charged pamcie faﬂaws a circular path

in @ magnetic field so the work done, by ihemagnetic fome iS zero.

As magnetic force ai‘ ays ot \»a\t r«gm angle to velocity therefore work done

IS given by VAL VD S

NNES "W = Fd c0s90° = 0
14.7. If a chlJrgEd pamcle moves in a straight line in a certain region of
space, can you say that the magnetic field in the region is zero7
Ans: Since according to Ampere’s law .

B=ponl = B x | .

When a charged particle moves in a straight line in a certain region of space
it will produce current hence there will be a magnetic field around the current
carrying conductor. Therefore magnetic field in the region is not zero.

14.8. Why does the picture on a TV screen become distorted when a
magnet is brought near the screen?

Ans: Picture on TV screen is formed by a beam of fast moving electrons by

electron gun when electrons strike the TV screen Due to the presence of external

magnetic field due to magnet the beam must be deﬂected WhICh causes distortion in

the picture. '

14.9. Is it possible to onent a current; toop ln a urriforrn magnetic field
such that the loop will nott nd to rotate? -

Ans: Yes, itis possible when we place it in the magnetic field such that the plane

of the loop zs perpepdadular tothe magnetic field. We know that t = BNIA cosa In

this case, a = 9@ ‘and cos 90° = 0, hence torque on the loop will be zero and loop

will not rotate.

14.10.How can a current carrylng Ioop be used to determine the presence

of a magnetic field in a given region of space? .

Ans: Atorque is produce due to current in a loop of wite when place in a magnetic
field if the loop of wire is deflected when current carrying ioop 1s taken In the region
and should be rotated. The loop must experience a torgque iIf any magnetic field 1s



present. But if the loop does not experaence any torque there Is no magnetic field
present there : NS\
14.11.How can yqu use'a magnetlc field to separate isotopes of a
chemical' e‘ement'«’
Ans: r = %:— | = rem
If isotopes in the ions form are projected into the field, they wili be deflected

due to the magnetic field in circular paths whose radn will dependc on thelr asses

(radil being directly proportional to the masses) Hence they wil be separated

easily. '

14.12.What should be the orientation of a current carrying coil in a
magnetic field so that torque acting on it is (a) maximum (b)
minimum?

Ans: Since torque is T = NIAB cosé. Where a is the angle bewween the plane of

the loop and the magnetic field. Clearly,

(a) Parallel loop and magnetic field wﬂl cause maxnnum torque because g=0°

and cos0° = 1 which is maximum. - ACANY [ (8o

(b) Perpendicular loop and magnehc ﬁeld wm canse mlmmum torque because

6 = 90° and cos90° = 0 whichyis minimum. -

14.13.A loop of u-;e] Ps suspended between the poles of 2 magnet with its
planelpara lel'to the poie faces. What happens if a direct current is
put through the coil? What happens if an alternating current is
used instead?

Ans: Since torque is T = NIAB cosé. Where a is the angle between the plane of

the loop and the magnetic field.

(a) When direct current is passed through the suspended coil then parallel loop

and magnetic field will cause maximum torque because 8 = 0° and cos0® = 1 which

IS Mmaximum.

(b)  When alternating current passed through the coil direction of torque reverses

pernwodically therefore coil will oscillates in the magnetic field instead of repeating.

14.14.Why the resistance of an ammeter should be very low?

Ans: Since ammeter is always connected in series with the circuit to measure

current therefore high resistance will reduce the current-through|the circuit and

affect working of ammeter therefore the resistance of. ammgter ghould be very low,

80 that it does not affect the current through the. mrrurt wiiich 1s 10 be measured

14.15.Why the voltmeﬁar should have a very high resistance?

Ans: Since voltmete: 13 always connpcted n parallel with the Cicut o mea ure

potential dtfferejnce theréfore high resistance will reduce the current through the

circuit and affect working of voltmeter therefore the resistance of vultmeter should
be very high otherwise it will ioad the circuit and change the potential difference
which 1s to be measured. '

Therefore the resistance of the voltmeter should be very high as compared
to the resistance of the circuit. An ideal voltmeter would have infinite resistance.




SOLUTION OF EXAMPLES

Example 14.1; . (A/20.0'cm wire carrying a current of 10.0 A is placed in
a uriform maghnetic field of 0.30 T. If the wire makes an angle of 40° with
the direction of magnetic field, find the magnitude of the force acting on
the wire,

Solution: .

Length of the wire . = L = 20.0cm=0.20 m

Current = 1 =100A

Strength of magnetic field = B = 0.30 T )
Angle = a = 40°
‘Force acting on wire = F =?
By using the formula“
F = IBL sina-
F = 100x030x0.20 x sin 40° Y\
F = 100x030x020x0642 ~\[I2 )\ (G8ET
F =038 = 039N A O ANV~
Example 14.2: The magnetic f‘@ld \in'a-certain region is given by

B = (40i- 18j) Wb m™ \How much flux passes through a 5.0 cm? area
loop in this regi jlf‘thbloophes flat in the xy-plane?
Solution: W\ VT

‘Magnetic induction = 5 = 40i -18k
Area of the loop = A = 50kcm? = 50x10*km’
Magnetic Flux = @ = ?
Since @, = B.A
0, = 407 - 18K). (5.0x10° mZk)
= 200 x10% k -90 x 10" m?k k
0, =  -90x10" (~1k=0 and k k =1
?, = 90 <10 *Wb
Note:

Negative sign simply shows that the flux is going out of the surface
Example 14.3: A solenoid 15.0 cm long has 300 turns 'of wire. A
current of 5.0 A flows through it. What is\the magnitude of magnetic field
inside the solenoid?

Solution:

Length of the soien_qth;-i:;_..,',-‘:J_} \='L "= 150cm=015m (- 1cm = — m)
Number of tuns\ofwire = N = 300 e
Current =1 = 50A

Permeability of free space = p, = 4nx 10 " Wb A'm"

Number of turns per unit length = n = ':'— = 5—%% = 2000m'’

Magneticfield = B = 7
By using the formula



inn

B 4x314x 107 xzooc)xsg‘Wbm
B = 1.3x107Wogr? |V (U0 0
Example 14.4: Fmd the radms of an 0rb|t of an electron moving at a
rate of 2.0 x }0’ ims™ in'a uniform magnetic field of 1.20 X 10°T.

Solution:

Speed of the electron = v = 20x10' ms’
Strength of magnetic field = B 2 12 ><103TT
Mass of the electron = m = 911x10°
Charge on ele€tron = e = 161x 10" C
Radius of the orbit = r = ?
Radius of orbit is given by
¢t = X
; - ur
mv
r = e—
2 s . en
r = 911x10 x20%x10’ - 943 x 102
161x1071¥x1 20%x10~4
xampls 1 - H Alpha particles ranging in. speed from 1000 ms’ to

2000 ms'! enter inte a velocity selector where the electric intensity is 300
Vm' and the. -magnetic mductlon 0 20°-T. Which particle will move
undeviated through the F ew? i

Solution: W N VN ol ’
Electric intengity = E = 300Vm’ = 300 NC’ (~Vm'=NC")
Magnetic induction = B = 020T

Selected speed of particle= v = 7
Since electric force eE acting on the particle balances the magnetic force BeV on
the particles. Now using the relation

Fn = Fe
gvB = qE
V = .!:.
300
v = = 1500 ms'

U 20
Thus. alpha particle having a speed of 1500 ms ' will move undeviated (in straight

line) through the field
Example 14.6: What shunt resistance must -be conriected across a
galvanometer of 50.0  resistance which! glves full’scale deflection with
2.0 mA current, so as to convert :t mto an ammeter of range 10.0 A?

Solution:

Resistance ofgalvqnorﬂweter” = Rg = 5000
Currerit for fall scale deflection = 1 = 20mA = 20x10°A
Current to be measured = | = 100A
Shunt resistance = R, = ?
. _ [g
Since Ry = R
2 0x10"3
R, = ——2i— x 500 = 0.010)

100-2u0x10"3



_SOLUTION OF PROBLEMS

14.1 Find the vatuejofthze magnetlc field that will cause a maximum

force of 7.0 xl 10N on a 20.0cm straight wire carrying a current of
10.0 A. '

Solution: F = 70x10°N
L = 20;m=1OX1O‘m
| = 10 A
B = ?
Since F=1ILB
B = L
» iL
B = 22— = 35x10°T
10x20%x10 "¢

14.2 How fast must a proton move in a3 magnetic field of 2. 50 x 10° T
such that the magnetic force is equal to its welght‘?

Solution: A~ AN
B = 250x10°T o O A \n\{\\(
e = 16 x40 " C
g = 9 8 M B\
v = AR ] QU

Given that the. mléghetlc force and weight are equal in magnitude. so we can v.rite
weight = magnetic force
mg = qvB

my
g b

o =
vooo. SR 40gx10°ms

14.3 A velocity selector has magnetic field of 0.30 T. If a perpendicular

electric field of 10,000 Vm ' is applied, what will be the speed of the

particle that will pass through the selector?

Solution: £ = 2107
E 10 000 Vm
3, = 90
V = ?

. QE-@\" 'qu smu
,_]--r;,'l;»J'{*i_{;iIA_' o\ E = vBsing
\J o Yy = _.,j -

i3 mEa'
RYARIRIY!

" - AR = 33x10°ms

[AREEFIERN SRR I D

14.4 A coil of 0.1 m x 0.1 m and of 200 turns carrying a current of 1.0
mA is placed in a uniform magnetic field of 0.1 T. Calculate the
maximum torque that acts on the coil.

Solution: A : O1mx01m=001Tm



N = 200 turns

| = TmA=1x 10 LM
B = 0 1 T

Tmax -

AN rm. BIAN cosa
For maximum ;njrqué Jugr
Tmae = 0.1x1x10°x0.01 x 200 x cos0°
Trax = 2 x10*Nm ]
14.5 A power line 10.0 m high carries a current 200 A. Find the magnetic
field of the wire at the ground.

Solution: r = 10 m
1 = 200 A
B = ?
According b Ampere's law
Bol
‘ . - 2nr
B - 4n x 107 x 200- = 4’(10 T

2n x 10
14.6 You are asked to design a solenoid that will give & magnetsc field of
0.10T, yet the current must not exceed 10.0 A_J and ‘the number of turns
per unit length that the solenold s{ould have.

Solution: B = (\\ 03101‘
R V10 A
Permeability" df ffeé space =y = 4nx 10"WbA'm”
n =
Since B = unli
= B
010 po!
n = —————— = 79567 x 10° turns/meter

4t x 10°7 x 10

1&,\7 What current should pass through a solenoid that is 0.5 m long

with 10,000 turns of copper wire so that is will have a magnetic field of
04T?

Solution: L = ‘0.50m
N = 10.000 turns
N 0
n = x ! 0":0 20000 turnslmeter

Permeability of free space = 4m X 10 Wb A m

B = 0. 4 T :
Slnce - J' {ﬁ]' B = lt:; nl
QN[NNI M B
N\ -
Hon
| = .. = 159150 A
' A x 10 7 x 20000 '

[ = 16A

14.8 A galvanometer having an internal resistance R, = 15.0 Q gives full

scale deflection with current Ig = 20.0 mA. It is to be converted into an
ammeter of range 10.0 A. Find the value of shunt resistance R.,.



Solution: R, = 150 »
ba = 20mA=20x10"A
l = 10A
R, = ?

N7

~ \H JNM10-0.020
14.9 The résustanoe of a galvanometer is 50.00 and reads full scale
deflection with a current of 2.0 mA. Show by a diagram, how to covert

this galvanometer into voltmeter reading 200 V full scale.

Solution: R, = 50
lq = 2mA =2 x 10°A
Vv = 200 volts
Rn = ?
The formuia for the vaiue of hlgh resistance in case of voltmeter is,
R, = —— Ry
Ig
= 20 =
Rs = - 50 99950

14 10 The resistance of a galvanometer coil is 10.0 0 and- reads full scale
with a current of 1.0mA. What should be the values \of resistance R;; R;
and R; to convert this galvanometer mto a rnultlrange ammeter of 100,
10.0 and 1.0A as shown \inthe ﬂg 14. 107

Solution: R, = ||| \100
\,_1“»‘l.dl'i;:;\,‘,i:-\J_'w"-5‘.';-*-»- “ 1mA=1x10° f'\
VA = 0001A &)
1 & 100 A
l> = 10A R, R, R,
) 1 3 = 1A ~igh e VAAA- AAAA
R&« = 72 | l 1 |
R, = 4 0A 100A 10A 1A
R3 = 7
The formula for shunt resistance is,
=loR
R y g
Since R, = lei
17 . A\
_ 0.001x10 3 NIANE®
R - 100-9.001 " 000070' .7
Since \ >\ W
Rg = '\J"‘-‘:\JA“ 0.
NNININAAA
Since \:;‘.J‘-\l»-' J
R, - 0.001x10 _ 0.010

1-0.001



