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14.22 SOLVED NUMERICALS OF BOOK:
PROBLEM # 14.1:

A horizontal straight wire Scm long weighing 1.2gm™ is placed perpendictﬂar to a
uniform horizontal field of 0.6 Weber m™ If the resistance of the wire is 3.8 Q m”,
«calculate the potential difference to be applied between the ends of the wire to make I just
self supporting. i
Data:
" L=5Scm=0.05m
Linear density of wire = 1.2 g¢/m
B = 0.6 Weber/m’ | ;
Resistance Per unit length = 3.8 {O/m

0 =90 | "
V=79 7 |v' \‘\‘\A \
Solution:
. Massof Im long wire = 1.2g
- Mass of 0.05m long wire = 1.2 x 0.05

m = 0.06g
OR  m=6x10°kg

‘Resistance -of- Im long wire =3.8Q
Resistanée of 0.05m long wire = 3.8 x 0.05
. R=0.19Q

‘Wire will remain' self supported, if and only if Fy,, = weight of wire

BIL Sin=mg
.BVL Sin6
2yLemy
- R
_ mgR
BL Sin6
V= 6x107°x9.8x0.19 -
0.6 x0.05x Sin90°

V=372x10°V
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A cathode ray tube is set up horizontally with its axis N-S and surrounded by a
magnetic shicld. If the voltage across the tube is 900 Volts, the distance from electron
gun to the screen is 10cm and vertical component of earth’s field is 0.45x10™ Weber-m™
calculate by how much the spot on the screen will move when the magnetic shield is

removed. -
' Charge to Mass Ratio of Electron
[Given —e—, = 1.8x10"C kg
m -
Data: Solution:
V =900V e 2V
b =10cm=0.1m m BY '
2 2
B =0.45 x 10™ Weber/m> 1.8x10" = x902 72
: (0.45x107%)7 ¢
- : 0
S -1.8x10" c/kg 2 1800 :
m (0:45%107)1.8x10
a=? ) r? =494
r=2.22m
b2
1 r _b°
2a
. bz
a f—J——
2r
_(0.n?
2x2.22
[a = 2.25x10”m|

PROBLEM # 14.3:

What is the flux density at a distance of 0.1m in air from a lohg straight conductor
carrying a current of 6.5)ampere? Hence calculate the force per meter on a similar
parallel conductor at‘a distance of 0.Im from the first and carrying a current of 3
amperes. Will the wire attract or repel each other If the direction of current in two wire

is opposite to.each other. Explain how the ex

conductors is used to define ampere.

Data: (i B=7.
o r=0.Im .
Il = 6.5A
(li) . F]2= ?
I, = 3A
6 = 90°
L=1m
" (iii) Type of force‘= ? o
(iv) Definition of one ampere = ?
@ B=hl

2nr

pression of force between two such




VISIT

| IB =13x10° weber/mzi

(iD)

(iii)

@iv)
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_ T4Rx107x6.5
- 27wx0.1

F]g = Blz L Sin6
Fi2=13x 10° x 3x1 x Sin90"

Fi2 = 39x10° N
l N

"As the direction of current in both wire is opposne therefore, wires will
repel each other.

F,12 = BIZ L _Sm(i)
B, =Yl [ ging -
2nr .

F, X 27r

1, Sin®
~2x107x 2nx1
v 411: x 107 x Sin90°
L= -

L=

If a current carrying wire is placed perpendlcularly ina magnetlc field of another

similar paral

lel wire at a distance of 1m in air ‘and if its unit length acted upon by a force

of 2 x 107 newton, then current passmg through each w1re 1s sald to be of one ampere

PROBLEM # 14.4:

A straight metal rod 50cm long can shde with neghglble fnctlon on parallel
conducting rails. It moves at right angle to a magnetlc field 0.72 Weber m™. The rails

are joined to

a battery of emf 3Volts and a fixed series resistance of 1.6Q. Find the force

required to hold the rod at-test.

F=
R

.»F

Data:
L= 50cm=0.5m
6= 90°
B = 0.72 Weber/m®
V=3V ’ -
R =14.6Q R :
F=?
Solution:
The rod will remain rest, when
F = Fuag. /
F = BIL ‘Sin0
BVL Sin6

0.72x3x0.5x%xSin 90°
i 1.6
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PROBLEM # 14.5:

It is required to produce inside a toroid a field of 2x10° Weber —-m ™. The toroid
has a radius of 15¢m and 300 turns. Find the current required for this purpose. if toroid
is wound on an iron core of permeabmty 300 times the permeability of free space, whal
increase in B w1ll occur for the same current?

Data: ' Solution:
(i) B =2x 10-3 Weber/m2 (n B= Hy NI
' : 2mr
_ 2 . 7
r=15m=0.15m 2x10° = _FEx107 x3001
2x0.15
N =300 turns 2x10°=4x10"1
() p, =300y, @ B=H NI
- 2nr
"B'=9? . ' : B 300,0NI
o 2t
| F=ws

PROBLEM # 14.6:

A proton is accelerated by a potential of 6x10° Volts. It then enters in uniform
field B = 0.3 Weber -m™ in a direction making an angle of 45° with the magnetic fi eld'
what will be the radlus of the circular path?

Data: Solution:
e =+1.6x10"¢
m=+1.67x10" kg ' Finag = Fe
» -5 X ) . - l'l‘lVy2
V=6x10"V _ evB Sinf =
’ : : . r
‘ ' o mviSin’d
B =0:3 Weber/m” eyBSih6 = i
| ofBSi :
0 L=45° o= mv Sin6 o
) -eB
r =7

Determmatxon of velomty -
\Fev
m
/Exl.sxlo'”x 6x10°
YV 167x10¥

/= 1.072x 10" m/s
1.67x10%7x1.07x 107 x Sin 45°

1.6x107"7x0.3

eq(l)= r=
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Self Test# (1):
Q.1 A p,oton accelerated through 1000 volts is projected normal toa 0.25 tesla
magnetic field. Calculate the following:
(i} The kinetic energy of the proton on entering the magnetic field.
(ii) The radius of the circular path of the proton. . : ,
(Mass of proton'=m, = 1.67 x 107 7 Kg) - ' _ (i()OS)
Ans. [r=1.827 x 10" m = 0.01827 m| :
Q.2 How fast must a proton of mass 1.67 x 10”*" kg be moving if it is to follow a
circular path of radius 2cin in a magnetic field 0f 0.7 Tesla.
(Mass of proton = Mp = 1.67 x 10™% kg) : (2004)
Ans. [V =1.3413 x 10° m/Sec.] ' ‘

Q.3 An electron is accelerated by the potential difference of 1 000wolts. It then enters
into a uniform magnetic field of induction B.= 2.5 weber/m*® at an angle of 45°
with the direction of the field: find the radius of the path described by the
electron. '

~ (e=-1.6x10"°C, mass of electron =9.1x10" ”Kg) | a ~ (2001)

. Ans. [V2=1.87x18m/s, r =3 x 10°m]

Q.4 Calculate the speed of electron entering perpendicularly m a uniform magnetic
field of 5 w/m” which moves alonga circle of radius 1. 8x10 m in the field.

J (2002 P.E)

(—:1.76)(10 '‘C/Kg.
m

Ans:. [V =1.5841 m/s]

PROBLEM # 14.7:

Two parallel metal plates separateu by 5cm of air have a potential dlfference of
220 Volts. A«magnetic field B=5x10" Weber —m™ is also produced perpendicular to
electric field. A beam of electrons travels undeflected throug,h crossed electric and
magneticifields. Fiad the speed of electrons. :

Data: : ' Solution:

. d=5cm=0.05m : vz_g.-——(])

V=220V _but E =_Y

d

_ "3 2 ) A%

B =5x10" Weber/m e > v=—o

. ‘ dB

o "

V= ? VYV = —«—‘-20 7
0.05x5x10~

lv = 8.8x10° m/s1
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PROBLEM # 14.8:

A coil of 530 turns wound a rectangular tvocy frame Zem x 4em is pivoted to rotate
in magnetic field of 0.2 Weber -m™, The face of the coil is parallel to the field. How
much torque acts over the coil when a current of 0.5 amyp passes through it?7 What will

I A0
be the torque when the coil is rotated by 60° from its initial position?

Data:

" N =50 turns
=2cm x d4em =8cm”

A=8x10"m’

B = 0.2 Weber/m?

[ =05A
Ha=0 () a=60

=9 T =29
Solution: A
1=BIANCos o

!

i 1=0.2x0.5x8x10*x50xCos0°

7 =0.004 Nm

(i) 1=0.2x0.5x8x10" x50xC0s60°"

_ . T =0.002 Nm

Self Test# (2):

Q. A coil of 50 turns is wolnd on a ivory frame 3cm x 6¢cm which rotates in.a
~ magnetic field of induetion'B=2 weber/m”, What will be the torque acting on it if a

current of 5 amp passes through it and the place of coll makes an angle of 45°
‘with the field. . . (2003 P.E)

Ans. [t =0.64 Nm.]
PROBLEM #.14.9:

A cube 100cm of each side is placed in a uniform magnetic field of flux density 0.2
Weber —~m™ as shown in the diagram, wires A, C and D move in the directions indicated,
each at the rate of 50cm -s™' Determine the induced emf in each wire.

Date: :
=100cm=1m Y
B =0.2 weber /m’ . 7
V=50cm/s=0.5m/s C
(a 0 =0" : D/,/
' VA= 2 x / .,
(b) 6 =45° o 7z B
V=2
(©) 6 =45 N

\/D=?
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Solution: : |
V=vBL Sinf
(a) V,=05x02x1xSin0°
(b) . Ve=0.5x0.2x1x Sin 45°
V.= 0.01x 0.707
[V.=0.0707 Vol

- (¢) Determination of length of diagonal xy -

(xy)* = (x2)* + (yz)’
(y) =174 1P
. _
Xy =2 m
Vp =0.5%0.2x/2 x Sin 45°
| |
PROBLEM # 14.10:

What is the mutual inductance of a pair of coils\if-a current change of 6 ampere in
one coil causes the flux in the second coil of 20007 ims to change by 12x10™ Weber?

Data: M =7

AL, = 6A
AD =12 x 10™ Weber
N = 2000 turns

Solution: M = Y40

p
2 2x107*
M=“OO_OX16 x10™

OR M =04dhenrv

Self Test# (3):
Q.1  What will be the mutual inductance of two coils when the change of a current of 3
_amperes' in one coil produces the change of flux of 6x10™* Weber in the second/
coil having 2000 turns. ‘ (2001)
Ans. [m = 400mh] | | |
Q.2 A pair of adjacent coils has a mutual inductance of 850mH. If the c{xn'ent in the
primary coil changes from zero (0) to 20 Amp. in 0.1 sec. What is the change in
the magnetic flux in the secondary coil of 800 turns. | (2009)
Ans. [0.02125 Weber] Lo ‘
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PROBLEM # 14.11: _
An emf of 45 mV,is induced in a coil of 500 turns. When the current in a neighbouring
coil changes from 10 amperes to 4 amperes in 0.2 seconds.
(a) what is the mutual inductance of the coils ?
(b) What is the rate of change of flux in the second coil?

Data: Solution:
, . ’ AAL,
E; = 45mV=45x 10"V (@ E, = 'LL\?L
N; = 500 tums 455107 = Mx6
A ) ,7
—6A M= 5*10(_:&
. . () .
At = 0.2 sec ' .
. N, Ap
M =7 _ b B =msll
(a) . | (b) E, "
. . E
(b Ay _ 2 A(Ez W Eh
: At At N,
Ap 45x107
At 500
A(P -5xxr
—~ =9x107" Weber/sec
At .

Self Test# (4)

Q.. An em.f of 45 mille volts is mduced in*a coil of 500 turns, when the current in a
‘ ~ neighbouring coil changes from 10 amperes to 14 amperes in 0.2 seconds.
(i) What is the mutual inductanceof the coils? - (2002 P.E)
[(ii) What is the rate of change of flux? .

PROBLEM # 14.12:

An iron core solenoid with 400 turns has a Cross section area of 4.0cm? .Current of 2

amp passmg through it produces'B= 0.5 Weber-m™. How large an emf is induced in it. If the
current is turned off in 0.1 second? What is the self inductance of solenoid.

Data. s Solution:
= ~400 turns 1 () AD =BAA
AA= 4em’=4x 10" m? ol Mo
' : Y
CAl = 2A : | g = NBAA
: At
B = 0.5 Weber/m’ - 4oox05x4x10*‘
At = 0.1 sec - ' L 0.1
@ E =2 |
® L =92 (b) L _NAg
Al
~ NBAA_\
[ 400 xo.5x4xlo"‘
L=0.04 He%ry
OR  [L=40mnl
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PROBLEM #14.13:

The current in a coil of 325 turns is changed from zero to 6.32 amp. thercby
producing a flux of 8.46x107 Weber. What is the self inductance of the coil?

Data: ‘ ' Solution:
N =325 turns - L - Nao
Al

~ x 8.46x107

Al =632 -0=632A [ = 325x8.46x107
. 6.32

A® = 8.46x10™ Weber L = 0.0435 Henry
L=7 OR [L=435mh

Self Test# (5):

Q. The current in coil of 500 turns is changedfrom zero to 5.43A, there by
producing a magnetic flux of 8.52 x 10 * webers. " What is the self inductance of
coil. o 4 o

Ans. [L=7.845x10""Henry] OR  -{L=78.45mH]
PROBLEM # 14.14: - :

A 100 turns coil in a generator has\an area of S00cm’ rotates in a field B = 0.06
Weber-m” How fast must, the\coil be rotated in order to generate maximum

- Voltage of 150V?
Data: : ' ’ In revolution per second
N= 100 turns 1 rev=2nrad »
- A=5000m=0.05m Cope00 o
‘B =.0.06 Weber/m* L 2n , ‘
CVELSOV ko =79.6 rev/sed
D=7 ' ,
S In revolution per minute
Solution: | _
= V.= ABNw. - ' - = 79.6x60
A
= — = 4777 rev/mi
AN  le=47 in|
_ 150
0.05x0.06 x 100

o =500 rad/sec




PRACTICAL CENTRE (KARACHI)
VISIT US AT: HTTP://WWW.PHYCITY.COM

Xl Physics Chapter# 14, Page# 32

PROBLEM # 14.15

A step down transformer at the end of a transmission line reduces the
Voltage from 2400V to 1200V. The power out put is 9.0 KW and overall
efficiency of the transformer is 95%. The primary winding has 400 turns. How
many turns have the secondary coil what is the power input? What is the current
m each of the coils? :

Data:
' V, = 2400V
Ve = 1200V
Poutput = IKW =9000W
E =95%
N, = 400 turns
(a) Ny=7? ’
(b) Pinpu!= ?
(© 1,=2 - : )
[ =2
Solution:
V, N, '
€)) = 9522990 100
Vp Np \ : input .
1200 N, - 900000
2400 40 ' Ut Tgs
1_N P inpue = 9473.7W]
240 ' -
Piput=Vol, -
i —
e [9473.7 = 2400 1)
__ output i ‘

'E x.100 : .
mput ' ‘ I, = 3.94A
Poﬁfput =Vi g

9000 = 1200 I

Self Test# (6):

Q.1 A step-down transformer reduces 1100 volt to 220 volt. The power output is 12.5

KW and the over all efficiency of transformer is 90%. The primary winding has

1000 turns. How many turns does the secondary have? What is the power input?
“What is the current in each coil?

Ans. [Ng =200 Turns| [Pe = Pinpuc = 13.89 KW|
I =12.63 Amp) [Is = 56.81 Amp.)
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Q.2 A step-down transformer having 4000 turns in primary is used to convert
4460 volts to 220 volts. The efficiency of the transformer is 90% and 9 KW
output is required. Determine the mput power, the number of turns in the
secondary coil and the current in the primary and secondary coils,

Ans.  |[Ng =200 Turns] [Pe = Py = 107w = 10KW]
[l =2:27Awmp] = 40.91 Amp]

PROBLEM # 14.16:

The overall efficiency of a transformer is 90%. The transformer is rated for an
output of 12.5 KW. The primary Voltage is 1100 V and the ratio of primary to
secondary turns is 5:1.The iron losses at full load are 700 watts. The primary coil has a
resistance of 1.82 ohms. '

(8)  How much power is lost because of the resistance of the primary coil?
(b)  What is the resistance of the secondary coil?

Data: o ‘I P(loss), = 700 W
E = 90% R,=1.82Q
Poupu=12.5 KW=12500 W . (a) P(loss), = ?
V, - =1100V ' (b) R, =2
N, _5 |
N, 1
Solution:
2
(a) P(IOSS)F, = Ip Rp (5 (b) P(loss)T :P(Ioss)p+ P(loss)s
) ) Pinput = Vp Ip E—— (2) 700= 290+ P (loss)s
Poutput o
E="22P% 100 - Plioss)s = 410 W
~Pinput o
- 12500 ' 5
90 = i)lnput x100 . P(loss)s =1 R,
: | : . ' P(loss)
Pinpa = 13888 9W Ry= 9 3)
§ , I,
eq(2)=>13.888.9 = 1100 1, Pouput = V I @)
A =12.62 A YN
A p
. P : V. |
eq(D)=P10ss)p = (12.62)" x 1.82 —S =
Q( ) (loss)p ( ) . . 1100 5
' I'P(lossm =290 W, V=220V

eq(4)=12500 = 2201,

I, = 56.8A
' 410
q(3)=>Ry = ——_
*IB)=F, (56.8)2
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Q.1 An alternating current generaior operating at 501z has cotl of 200 turns, while the coil
has an area 120cm’. Calculate the mugnetis Geld infensity o applied te rotate the coil to |
produce the maximum voltage of 240 volts. (2011

Data: '
f=50Hz
N =200 turns
A= 120cm’= 120 x 107" m?
=12x107m’
V, = 240 volt
. B=? :
Solution: A
V,= NwAB Sind  2xiNA
For maximum emf 240
0=90%andw=2rf B 31413 % 50x 2001 2510
2;'9: ;\1(27!2/\2 Sin 90 240
o =2nfNABx 1 vy
{B = 0.3183 web/m?

Self Test: - ‘ .

An alternating generator eperates at 79Hz. The area of the coilis 300em’. Caleulate the
number of turns in the coil when a magnetic ficld of induction 0.06 web/m” produces
maximum potential difference of 149Volts. (2013)

Q.2 The inner and outer dizmeter of the toroid are 22cm abd 26cm . If a current of 5.0 amp is passed
which produces 0.0257 flux density inside core, find the approximaie length of the wire wound
on the toriod (=4 x 107 Web/ amp m). (2011)

Data: : -

Tnner diameter = d, = 22¢m

Outer diameter = d;, = 26cm

Current = [ =5 amp.

Flux density = B = 0.025T

U, =4m x 107 web/amp m

Lengthof wire=L =9
Solution:

r=0.12cm
As for toroid

B = MNI
2nr

N = B2nr
H,l

. 0.025xZ5ex0.12

. d 22 Amx107x3
Inner radius = .= L =22 2
2 2
“ < N = _§x|U
r= Hem S Tox1o”
. [¢]
Outer radius = r, = 4, _26 3x107
22 N= -
13c 10°
. = 1oem N = 3000 tumn |
There fore . Now radius of core of solenoid
p= 0FE r=r-r=ror
2 r=12-11
1143 24 r=lem Or = 107m
=—-"= By Now for length of wire
12 L=Nx2nr

L=3000x2x214!5x 107
iL = 188.49m = 188.5m|
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Q.3 Find the current required to produce a field of induction B =2.512 x 107 tesla in
a 50cm long so]enmd having 4000 turns of wire (p,= 47 x 107 wb/A-m) (2012)

Data: ;
B=2.512x 10‘3 T

L=50cm= —S—Qm =0.5m
100

N = 4000 turns = 4 x 10° turns
o= 4T X 107 web/A-m

1=7
Solution: _ BL
For Solenoid . p N
B = penl - (2512 x107x0.5
But : ' 4w x107x4x10°
=N _ 1.256 x10%
L N T5.0264%100°
B=p, fl . [1=0.2498A = 0.25A]

.Q.4  An aeroplane flying in a region where the) vertical component of earths
magnetic field is 3.2 x 10~ * Tesla. If the.wing span of the plane is 50m and its
velocity is 360 kin/hours. Find the mduced e.m.f between the tips of the wings
of the aeroplane. 2607)

Data: Length of wing span =L = 50m_ ‘ '
Velocity of plane = v = 360.knvh = 36%%(—)%99 m/sec. = 10° m/sec
Magnetic field=B = 3:2 x 10°4T
EMF=V=2
- Solution:
As we know/that
V =vBLSin6
Where 6 = 90°
V=007 x 3.2 x 107* x 50 Sin (90°)
V=32x107x50x 1
Seif Test (1) .
Q.1 A long solenoid is wound with 35 turns in 10cm, and carries a current of
10 Amp. Find the magnetic field in it (uo, = 47 x 107 w/Am) (2006)
Ans. [B=4.4x 10~ web/m?| ‘

Self Test (2)

Q.2 A long solenoid is wound with 10 turns per cm and carries a current of 10
amperes. Find the magnetic flux denszty in it.(py=4nx10"weber/, Am).
. [B=2.5x10" T]



