Physics - Electric Current and Electromagnetism - Electromagnetic Induction

Mutual and Self Induction

thanawiya-archive.com

109 3 58

questions sets pages

Contents

Multiple choice questions (76 questions) Answers - p. 43
Essay questions (12 questions) Questions - p. 30ff Answers - p. 53
Past exam questions (21 questions) Questions - p. 34f Answers - p. 55

Click a question number to jump to its answer, and an answer number to go back to the question.

1/58



Mutual and Self Induction thanawiya-archive.com

I Multiple choice questions — 76 questions

’ Which of the following graphs represents the relation between the mutual inductance (M) of
two coils and the time rate of change of the current in the primary coil ((A I;)/(A t))?
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Q Which of the following pairs of coils has the greatest mutual inductance, if all the coils have

the same area?
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e A primary coil connected to a DC source is placed inside a secondary coil. When the circuit of

the primary coil is opened, the circuit of the secondary coil has +eveesesss
@ a momentary direct induced current a momentary reverse induced current

@ an alternating current @ a direct current (DC)
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0 In the opposite figure, an induced current flows from point a to point b through resistor R in

circuit (1) When sveveveeees

(2)

@ both circuits are moved together to the right at the same speed

one of the circuits is brought closer to the other

(1)

@ the value of the rheostat in circuit (2) is increased

@ the iron core is removed from one of the circuits

e In the opposite circuit, an induced current is produced in the secondary coil in the direction

shown in the figure as a result of vveveveaes
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@ opening switch K
decreasing the resistance of the rheostat
@ increasing the resistance of the rheostat

@ moving the two coils away from each other
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e In an experiment to study mutual induction between two coils (1), (2), the relation between
the induced emf (emf), in coil (2) and the time rate of change of current ((A I1)/(A t)) in
coil (1) was as shown in the opposite graph. The mutual inductance of the two coils is

Yrrrrrrnan
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e In the figure shown, while the variable resistance (S) is being increased, the potential of point a

IS vevevenene
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@ greater than the potential of point b
less than the potential of point b
@ equal to the potential of point b

@ The answer cannot be determined without knowing the value of resistance R
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° Two adjacent coils (A), (B): coil (A) is connected to an electric circuit and coil (B) is connected
to a resistor (R) as in the opposite figure. When the value of the variable resistance (S) in the

circuit of coil (A) is decreased, the electric potential at point (C) is svsvevssss

JH-‘:‘H ' -—‘

Coil (A)

7J!

UUUUU

@ greater than the electric potential at point (D)
less than the electric potential at point (D)
@ equal to the electric potential at point (D)

@ It cannot be determined

° Two solenoids (x), (y) have the same axis, and each is connected to a lamp and a cell as in the

opposite figure. While coil (x) is being moved away from coil (y), the brightness of vvvseaeaes

Coil (y) Coil (x)

) - & i~ -,

I e O o M
V VUV

@ lamp (1): increases, lamp (2): increases
lamp (1): increases, lamp (2): decreases

2

@ lamp (1): decreases, lamp (2): increases
( ): decreases

@ lamp (1): decreases, lamp
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@ Primary and secondary insulated coils are wound around an iron cylinder. The primary coil is
connected to a battery, and the secondary coil is connected to an electric lamp and a switch (K)

as in the opposite figure. When switch (K) is closed, the lamp +evevevens

B R

SE———

@ lights for a moment then goes off
lights and does not go off

@ lights and its brightness decreases gradually until it goes off
@ does not light at all

@ In the opposite figure, at the moment circuit (1) is closed, in circuit (2) sevvvveves

o~ a ~ LU . F
( ¥ ] i [ A N & H J & 8
| 1 4 | [ - - - L @

e

B
(1) (2)

@ end Q: becomes a south pole, current direction: the same as the current in circuit (1

end Q: becomes a north pole, current direction: the same as the current in circuit (1)
@ end Q: becomes a south pole, current direction: opposite to the current in circuit (1)

@ end Q: becomes a north pole, current direction: opposite to the current in circuit (1
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@ In the opposite figure, two adjacent coils (1), (2): the ends of coil (1) are connected to two
metal rails (x), (y), each of resistance (R), and a metal rod (ab) touching them moves at a
uniform speed (v) perpendicular to a uniform magnetic field, so an induced emf of 10 V is
produced in it. The brightness of the lamp connected to the circuit of coil (2) while the rod is

MOVINg +evevsesss compared with its brightness before the rod moved.

Coil (1) Selied,

HEREERRE ) () 1 l. 1 \ _)
() \ 1 b A \‘t : - - ;

™ L .
2t Y 9
L @ ‘ [ i . ;{
2 L]
| 15V
® e L 4 . If:z{)
- ™ L] - L
* X y
@ increases decreases
@ does not change @ The answer cannot be determined

@ If the mutual inductance of two coils is 0.1 H and the current in the primary coil changes

from 4 A to zero in 0.01 s, then the induced emf across the secondary coil equals «vevaevees

A2V () 40V ©s60V (®) 8oV

@ A primary coil 10 cm long with 200 turns carries a current of 4 A, and its core is made of
iron with a permeability of 0.002 Wb/A.m. A secondary coil of 10° turns and diameter 3.5
cm is wound around it. If the current in the primary coil is cut off in 0.01 s, then:

(1) the emf produced in the secondary coil equals +vvvvvvees

AW 1.54 x10°V  (3)4.32x 10°V (€621 x 10°V  (D)8.8 x 10°V

@ A primary coil 10 cm long with 200 turns carries a current of 4 A, and its core is made of
iron with a permeability of 0,002 Wb/A.m. A secondary coil of 10° turns and diameter 3.5
cm is wound around it. If the current in the primary coil is cut off in 0.01 s, then:

(2) the mutual inductance of the two coils equals vvvveeeee

(A) 130H (8) 193 H (©385H (0) 522 H
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@ Two adjacent coils X, Y: coil Y has 2000 turns. If a current of 7 A passes through coil X and
produces a flux of 2.5 X 10°* Wb through coil Y, then the mutual inductance of the two coils

equals sevevaeans

(A)0.01 H 0.03 H (©0.05H (®) 0.07 H

e The opposite figure shows two adjacent solenoids with a mutual inductance of 0.01 H. If the
current in coil y changes by Al, the magnetic flux cutting coil x changes by 2 X 1072 Wb in

the same time. The change in current (Al) in coil y is veeverrans

_T:\ j{l‘:\n;“ | 300 turn _,_]

R
@ L@
(¥)

(%)
@2a (®B)5A ©10A () 20A

@ Two secondary solenoids (x), (y) with N, 2 N turns respectively are each placed separately next
to a primary coil (z), so that the primary and secondary coils have a common axis each time.
The opposite graph shows the relation between the change in magnetic flux (A@,,) passing
through the secondary coil and the change in current (A I,) in the primary coil. The ratio
between the mutual inductances in the two cases ((My,)/ (Myz)) equals vevaeaeans

Ad,
! )

(&) 1/2 2/3 (© 3/2 @) 3
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@ A current of 10 A passes through one of two adjacent coils whose mutual inductance is 0.3 H.
When this current dies down to zero, an induced emf of 60 V is produced in the other coil.

The time for the current in the first coil to die down equals sesevseses

(A) 0.005 s 0.05 s (©) 0.04 s () 0.4

@ In the opposite figure, two identical coils x, y each have a resistance R. Coil x is connected to
identical cells of negligible internal resistance through several switches K, K,, K3. At the
moment switch K is closed, the pointer of the galvanometer connected to coil y deflects by an

angle (9) . The deflection angle of the galvanometer pointer at the moment of +evseseess

Coil X Coil y

AR s
-

A+
e -

Galvanometer

@ closing switch K, only: greater than (9), closing switch K3 only: zero

closing switch K, only: greater than (0), closing switch K3 only: greater than (8)
@ closing switch K, only: equal to (9), closing switch K3 only: zero

@ closing switch K; only: less than (0), closing switch K3 only: less than (0)
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@ Three adjacent coils (x), (y), (z) of negligible resistance have the same length and a common
axis, and their numbers of turns are N, 2 N, 3 N respectively. Each of coils (x), (z) is connected
to a resistor (R) and a centre-zero galvanometer of resistance (R), and coil (y) is connected to a
variable resistance (S) and a battery as shown in the following figure. When the value of the
variable resistance (S) is decreased, the pointer of galvanometer (G;) deflects by an angle (9)

to the right of zero. The pointer of galvanometer (G,) deflects by an angle vveveveves

Coil (2) Coil (y) R Coll (x) R
mEy iy ey
[} £ 0

0 i =

@ equal to (0) to the right of zero equal to (0) to the left of zero
@ greater than (8) to the right of zero @ greater than (8) to the left of zero

e In the opposite figure, coils (x), (y) have negligible resistance and their mutual inductance is
0.01 H, and coil (x) carries a constant direct current. When switch (K) is closed, the current
changes until it becomes steady in 0.25 s, and during that period the average induced emf in
coil (y) is 0.04 V. The value of resistance (R) equals vevavaeaes

Coil (x) Coil (y)

[ T o D o S . S o S

CLAUAALY)

L™ B
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K >

R
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(A 10Q (3)20Q (© 40 Q () 60 Q
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@ In figure (1), two adjacent solenoids P, Q, and figure (2) shows the graph of the relation
between the current (I) in coil P and time (t). The graph that represents the relation between

the induced emf in coil Q and time 1S sevvvrnree

I(A)

1
1
|
1
|
|
1
|
[l

=1 (mS)

Figure (2) Figure (1)

emf emf emf emf
l‘l____:_!_" t I_'—~——"; t IA—V‘ t /\ L
® ©

@ Two adjacent coils have a mutual inductance of 1 H. If the current in one of them changes

with time as in the opposite graph, then the graph that represents the relation between the

induced emf produced in the second coil and time is sevevaeess

1(A)
4

emf (V) emf (V)

s 5

25

t
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@ Primary and secondary coils have a mutual inductance of 10 mH. Which of the following
graphs represents the change of the primary coil current (I) with time (t) so that a reverse emf

is produced in the secondary coil whose average over 20 ms is 2 V?

I(A) I(A) 1(A) 1(A)

t
(ms) = t(ms)

O, ©

t(ms) t(ms)

@ The opposite figure shows a small circular coil of one turn, radius 5 cm and resistance 1073 Q,
placed at the centre of a large coil also of one turn and radius 50 cm. The large coil carries a
current that changes uniformly from zero to 8 A in a time of 107° s. The induced current in

the small coil during this time equals vsesevsess

<50 cm—

10 cm

i

sy P

R=10"3Q

(a) 49 A (®) 57 A (© 66 A () 79 A

@ A circular coil x of 7 turns and radius 11 cm carries a current I. At its centre and in its plane
is placed a circular coil y of resistance 50 &, 10 turns and area 5 cm2. While coil x rotates
through 180° about an axis in its plane, a charge of 20 nC passes through a cross-section of

the wire of coil y. The current I in coil x equals «vevaevees

(A) 2.5 A (®B)5A ©7.5A (®) 10 A

@ A long solenoid of diameter 5 cm has 2100 turns / metre. On its axis is placed a circular coil
of 100 tightly wound turns and diameter 2 cm, so that the axes of the two coils coincide. If the
current in the solenoid decreases from 1.5 A to zero at a constant rate in a time of 0.05 s,
then increases to 1.5 A in the opposite direction in the same time, the average induced emf in

the circular coil equals vsevseeres

(A)249 x 103v  (3)4.32x 103V (€634 x 103V (D) 712 x 103V
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@ The self-inductance of a coil is measured in henry, which is equivalent to vevevaess

@ volt.second ohm.second

@ ohm/second @ volt.second.ampere

@ Which of the following graphs represents the relation between the self-inductance (L) of a coil

and the number of turns of the coil (N)?

L 1L, L L

N N N

® © ®

N

° Some time after a direct current starts passing through an inductor, the current becomes

steady because +erevaeans

@ direct currents are produced eddy currents are produced

@ self-induction stops @ reverse currents exist

Q The slow rate of growth of the current in a solenoid at the moment its circuit is closed is due

fO tevrveneen

@ the production of a direct induced current

the production of a reverse induced emf

@ the electric charges in the coil losing their energy

@ an increase in the ohmic resistance of the circuit
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@ In the circuit shown, which of the following actions, each separately, causes a direct induced

emf in the coil?

GILILELLED

P rrt ‘.l x ..i '.i*___..
=
<

.__l AV AN
g |

AWM el A A—

@ Closing switch (K1)

Opening switch (K3)
@ Decreasing the value of the rheostat (Ry)

@ Inserting an iron rod into the coil

@ In the circuit shown in the figure, when switch (K) is opened, the brightness of the lamp

i
QLLIIID
@

@ increases gradually decreases gradually

@ increases for a moment then vanishes @ vanishes at once

XXX R RN
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@ In the experiment shown in the opposite figure, if the neon lamp works at a voltage of not less
than 180 V, then:
(1) the lamp lights at the moment the switch is opened because of +vvevvvvs

O V battery
Switch

A
Q Neon lamp

Electro- __,ﬁ
magnet _____.—-:."--"'-
=
@ the emf of the battery the reverse induced emf in the coil
@ the direct induced emf in the coil @ There is no correct answer

@ In the experiment shown in the opposite figure, if the neon lamp works at a voltage of not less
than 180 V, then:

(2) the self-inductance of the coil is severssse

battery
6 V . Switch

A
)=

Electro-
magnet

\\\\\\\\\\\\&\\IC

@ greatest at the moment the switch is closed

greatest at the moment the switch is opened
@ zero at the moment the switch is opened

@ always constant
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@ The opposite graph shows the relation between the self-induced emf in a coil and the rate of
change of the current in it ((A /(A t)):
(1) the self-inductance of the coil (L) equals vevevevens

emf (V) |
08 T S R

0.6 [l iy |
0.4 [Elii g |

0.2 |- i

B - Atws)

(A)o.1H (8) 0.4 H (©o0.6H (®1H

@ The opposite graph shows the relation between the self-induced emf in a coil and the rate of
change of the current in it ((A D/(A t)):

(2) if the rate of change of current in the coil is 5 A/s, the induced emf in the coil equals

Yrrrrrrnan

emf (V) |
0.6 i
04| A

o DL
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@ Several air-core solenoids have the same length ({3) . The opposite graph shows the relation

between the self-inductance of each coil and the area of its face. If each coil has 100 turns, the

length (£) is vevvvrinns
Lx10™*(H)

03 TP A
02 i A

0.1

10 20 30
(A) 0.1 Tm (3) 0.2 m (©04mm (®) 0.8 Tm

@ An inductor has a self-inductance L. When both its number of turns and its length are doubled

while its cross-sectional area is kept constant, its self-inductance becomes vovvevaene

(A L/2 ®L ©2L (D) 4L

° Which of the following changes doubles the self-inductance of a solenoid containing an iron

rod, with the other factors kept constant?
@ Doubling the number of turns Doubling the length of the coil
@ Doubling the area of the coil @ Taking the iron rod out of the coil

@ In which of the following cases does the self-inductance of the coil have the greatest value, if

the core of the coil is iron in all cases?
2n| el | mmmy

e % i

® ©

]

>

o

b

b
L 3b

H

[

mi»—
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@ An air-core coil has a self-inductance of 0.1 H. If an iron core is placed in it, its self-
inductance «vaeveenes

@ equals 0.1 H
is greater than 0.1 H
@ is less than 0.1 H

@ depends on the value of the alternating current in it

@ The opposite graph shows the growth of the electric current in a hollow inductor from the
moment its circuit is closed until it reaches its final value (I,) after a time (t,). If a soft iron

core is placed inside the coil, the time taken by the current in the coil from the moment its

circuit is closed until it reaches its final value (I,) is vvevevenes

i £

to
@ greater than t, less than t,

@ equal to t, @ The answer cannot be determined

@ A long inductor has N turns and a self-inductance of 1 H. When a current of 2 A passes
through this coil, a flux of 4 X 1073 Wb is produced. The number of turns N is «eeeeeeess

@ 200 turns 300 turns @ 500 turns @ 1000 turns

@ A solenoid has 100 turns. If the current in it changes by 4 A, the flux cutting it changes by

0.05 Wb in the same time. The self-inductance of the coil equals vsesereses

(A)4H (8) 0.5 H (©1.25H () 0.2 H

@ A solenoid has 300 turns and a self-inductance of 6 X 1073 H. If the current in it changes at a
rate of 2 A/s, the rate of change of the magnetic flux produced through the coil equals +vevverens

(A2 x 10°Wb/s (8)4 x 105Wb/s  (©)6 x 10°Wb/s (D)8 x 10 Wb/s
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@ A coil of self-inductance 0.03 henry made of 100 turns carries an electric current that
produces a magnetic flux of 6 X 10* weber through it. If the current in the coil falls to zero
in 0.02 of a second, then:

(1) the average induced emf in the coil equals veeeerrres

@3V ®) 6V ©o9v @12V

@ A coil of self-inductance 0.03 henry made of 100 turns carries an electric current that
produces a magnetic flux of 6 X 10 4 weber through it. If the current in the coil falls to zero
in 0.02 of a second, then:

(2) the current that was passing through the coil equals vvveeeeens

(A)0.5A ®B)1A ©2a D) 5A

@ Two solenoids: the first has length £, face area A and N turns, and the second has length 1/2
g, face area 2 A and 1/4 N turns. The ratio between their self-inductances (L;/L;) equals

XXX R R RN

() 1/1 2/1 (© /1 (@) 1/4

e A hollow solenoid has a self-inductance of 2 X 10™* H, and when it is wound around an iron
rod its self-inductance becomes 0.3 H. The ratio between the magnetic permeabilities of air

and iron respectively is vevevaaes

() 1/1600 1/1000 (©) 1/1500 () 3/500

@ A straight wire of length £ is wound into a circular coil twice: once as coil (x) of diameter d,

and once as coil (y) of diameter 2 d. The ratio between the self-inductances of the two coils
(Ly/Ly) equals voveeene

() 1/1 2/1 ©1/2 () 1/4

@ A solenoid of 500 turns and length 0.4 m, with each turn having an area of 40 cm?, is
connected to a current source, so a current of 2 A passes through it. If the current is cut off in

0.1 s, the direct induced emf equals «veveveese (Given: TT = 3.14)
@W82x102v  (8)6.28 x 102V (©)9.4 x 103V (D) 6.28 x 103V
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@ A solenoid 10 cm long has 40 uniformly wound turns, and the area of each turn is 70/22
cm?, then:

(1) its self-inductance equals veeereens

(A32x10°H (38)48x10°H (©)6.4x 106H (D)7.6 x 10°H

e A solenoid 10 cm long has 40 uniformly wound turns, and the area of each turn is 70/22
cm?, then:

(2) its self-inductance if 10 turns are cut off equals +evvvvvves

AW1.5x100H (8)22x10°H (©)34x10°H (0)4.8 x 105H

@ When the current in an inductor changes at a rate of 20 A/s, an induced emf of 5 V is

produced in it. Its self-inductance is vvevevsess

(A)o0.18 H (®)o.2H (©0.22H (0) 0.25 H

@ A coil has a self-inductance of 0.005 H. An induced emf of 5 V is produced across its ends
when the current changes from 10 A to zero. The time of the change in current equals

XXX R RN

(A)0.01s 0.02 s (©0.03s (D) 0.04 s

@ Resistors are made of double-wound Wires vvvesesses
@ to decrease the resistance of the wire to increase the resistance of the wire

@ to avoid self-induction @ to make the resistance of the wire zero
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@ The opposite figure shows the relation between the current (I) in an inductor and time (t).

Which of the following figures expresses the relation between the induced emf in the coil and
time (t)?

|
9|
|
|
@M po==—=sm==
'
-

b ¢ .
emf emf em
* 1
B |
| |
i ‘
]
] {_ _ d e b ¢ ¢ t

@ The opposite graph shows the relation between the current (I) in a solenoid and time (t). If the

self-inductance of the coil is 60 mH, the induced emf in it equals «vevaevees
I(A)
8

6

| i .~ t(ms)
10 20 30 40

@10V ®B) 12V (©20vV (D) 24V
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@ An inductor of ohmic resistance (R) is connected in a closed electric circuit, and the potential
difference (V) across it is changed with time (t) as in the opposite graph. The greatest direct

induced emf is produced in the coil during stage vsvsvevaes

Vv

4

D
Nt

Ly
b o e o S S -

fomm -

@ An electric circuit consists of an inductor of ohmic resistance (R), a battery and a switch, all
connected in series. The graph that represents the change of both the induced emf in the coil

and the current (I) in it with time (t) when the circuit is closed iS veseverses
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@ In the circuit shown in figure (1), when switches Ky, K are each closed separately, the
current in the circuit grows as in curves (1), (2) respectively, shown in figure (2), then:

(1) the relation between the values of the two resistances (R1), (R3) is seveverens

R, Ly K,
—vmwm—fn'ﬁgﬁﬂ'ﬂﬂ(;ﬂ'ﬂ'\—- M
L=
L
R, 2 K,
i T —~—
R, =0
Ji
.
Vs
=0
Figure (1)

Figure (2)
WR; >R, (B Ry <R,
@ Ri =Ry @ The answer cannot be determined
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@ In the circuit shown in figure (1), when switches Ky, K are each closed separately, the
current in the circuit grows as in curves (1), (2) respectively, shown in figure (2), then:

(2) the relation between the self-inductances of the two coils (L1), (L;) is veeevevene

R, L K,
L
R, 2 K,
i TN —
R; =0
Ji
-1
Vs
r=0
Figure (1)

Figure (2)
AL > L, ®L <L,
@ Ly =1L, @ The answer cannot be determined
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@ The opposite graph shows the curve of current growth in an inductor connected to a battery
from the moment its circuit is closed. The physical quantity whose value at point B is less than

its value at point A iS vseveesees

@ the self-inductance of the coil
the reverse induced emf in the coil
@ the time rate of change of current in the coil

@ the net emf in the circuit

@ The opposite figure shows an electric circuit containing a battery of emf 5 V and negligible
internal resistance, an inductor of self-inductance 10 mH and negligible ohmic resistance, and
a variable resistance (Ry). If the variable resistance (Ry) is increased gradually and its value at

a certain moment is 10 Q, then the current in the circuit at that moment is sevessvese
10 mH

— T —

-

i WWWWWWWA
r=0 Ry
@ equal to 0.5 A greater than 0.5 A
@ less than 0.5 A and not zero @ equal to zero
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@ A coil of resistance 15 Q and self-inductance 0.6 H is connected to a DC source giving 120 V.

The rate at which the current grows in the following cases:

(1) at the moment of connection equals +vevveeee

(&) 50 A/s 100 A/s (©) 175 A/s (©) 200 A/s

@ A coil of resistance 15 Q and self-inductance 0.6 H is connected to a DC source giving 120 V.

The rate at which the current grows in the following cases:

(2) at the moment the current reaches 80% of its maximum value equals vvvveeeee

(a) 20 A/s 40 A/s (©) 60 A/s (D) 80 A/s

@ Two adjacent coils A, B have 500 turns and 2000 turns respectively. If the current in coil A
changes by 10 A, the magnetic flux in coil A changes by 2 X 1073 Wb and in coil B by 10*
Wb, then:

(1) the self-inductance of coil A equals vveeernens

(A)o.1H (8) 0.4 H (©o0.6H (®) 0.8 H

@ Two adjacent coils A, B have 500 turns and 2000 turns respectively. If the current in coil A

changes by 10 A, the magnetic flux in coil A changes by 2 X 103 Wb and in coil B by 1074
Wb, then:

(2) the mutual inductance of the two coils equals vvveeeeses

(A) 0.08 H (8) 0.05 H (©0.02H () 0.01 H
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6 An electric circuit contains a battery of emf 12 V and negligible internal resistance, an inductor
of self-inductance 0.1 H and ohmic resistance 3 , and a rheostat (R) as in the opposite figure.
When the slider is moved from position (a) to position (b) in a time of 0.02 s, an induced emf
of 15 V is produced in the coil. The resistance of the rheostat (R) when the slider is at position
(b) equals vvevevenns

L=0.1 _H
CTULL O
R, =30
o
I:—-——a'm.ffﬁmwbw
Vp=12V
r=0

@3e ®6Q ©9Q (D) 12

e The opposite figure shows part of an electric circuit containing a 2 Q resistor and an inductor
of self-inductance 0.2 H with negligible ohmic resistance. If at a certain moment the current in
the coil is increasing at a rate of 20 A/s and the current at that moment is 2 A, then the

potential difference between points x and z equals veevevaens

L=02H
g y' 2&2 7
* rl.-l lﬂl ﬂ U Lll 1I_I U IJH\]"'“"_"-" WAV
I{L==()
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@ A straight wire and two solenoids with the same ohmic resistance are connected with three
identical lamps (X, Y, Z), a battery and a switch as in the opposite figure. The correct order of

the lamps according to the time needed to reach maximum brightness when switch (K) is

closed 1S sessavvens

X
Solenoid @
— TN —-

L%

Y
Iron-core solenoid
R ) @
.q:l —_ ,-.
vV ¥ - Z

Straight wire @

K

L
Wz=v=X BzZ>X>Y ©Y>x>2Z DY=X>7Z

@ Two insulated solenoids x, y, one inside the other, are equal in length and cross-sectional area,
with Ny, Ny turns respectively, wound around a soft iron core. Coil (x) is connected to a cell
and a rheostat and has a self-inductance (Ly), and coil (y) is connected to a galvanometer and

wound around coil (x). The mutual inductance of the two coils (M) equals +evevevaes

(&) Ly Ny/Ny (B) Ly Ny/N, ©LN/NY?  (®) L(N,/NY?

@ In the opposite figure, two adjacent solenoids P, S have N, 3 N turns respectively. When the
circuit of coil P is closed, the change in magnetic flux through coil S equals 60% of the change
in magnetic flux through coil P. The ratio between the mutual inductance of the two coils and

the self-inductance of coil P respectively equals «vevsesess

[} ﬂrq 0 falla) 3 PI

[ '\u \U \U ‘\U \U \U !.U \U \U \U '\U \U \u \U
P S
K R

—I —" AWWAWWWA————

() 0.2 (8) 0.6 (© 1.2 (®) 1.8
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@ Two adjacent coils are wound around a soft iron rod. The ends of the primary coil are
connected in series to a battery of emf 20 V and a switch, and an induced emf of 5 V is
produced across the secondary coil at the moment the primary circuit is closed. If the self-
inductance of the primary coil is 0.04 H, then the mutual inductance of the two coils equals

XXX RN

(A 103 H () 0.01 H (©0.05H (®) 0.1 H
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I Essay questions — 12 questions

’ In the opposite figure, what kind of magnetic pole of the magnetic needle faces coil B in the
following cases:

(1) at the moment the circuit of coil A is closed?
(2) while coil A, with its circuit closed, is brought closer to coil B?

(3) while coil A, with its circuit closed, is moved away from coil B?

(4) at the moment the circuit of coil A is opened?

(A) (B)

ST AT
2 =
R;E: §R
’L/' —i T

6 In the opposite figure, what happens to the brightness of the lamp while the value of resistance
R is increased uniformly? Give a reason.

I?:m
A A A RN A A A "N
LT LT
o }——@_T
v. R v
B B

e In the opposite figure, two electric circuits each contain a variable resistance Ry, R,. In which
of the following two cases is an emf produced in coil b? Give the reason:

(1) while Ry is increased?

(2) while R is increased?

(a) (b)

0NN N

A LA WO W . W .}
Iilu N \ nEm \
R Er
T—|I—"*—— Wgﬁn—
2
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0 The opposite figure shows a metal ring placed in front of one face of a solenoid, so that the
plane of the ring is perpendicular to the axis of the solenoid. Determine the direction of the
induced current (if any) on the face of the metal ring facing the coil:

(1) at the moment switch K is closed

(2) after the current reaches its steady value (given by Ohm's law) in the circuit of the coil.

U7 711171O
\/
K<,

L2
WA —

° The opposite figure shows two solenoids (1), (2), a battery Vp, a switch K and a soft iron rod.

Describe how you can arrange these tools so that the mutual inductance of the two coils is as

large as possible.

Coil (1) Coil (2)
— Al b W
[[]0 S

K
—] ‘_/ —a Soft iron
rod
VB

° In the circuit shown, is the induced emf in the coil direct or reverse at the moment switch K is

closed? Explain your answer.

TTTL
K
-------- J.___[}_
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a In the opposite circuit, describe with explanation what happens to the galvanometer reading
when the iron rod is pulled out of the coil very quickly.

b AU LA

NIV Yy ry
o = ™ o P -
W] LS T Tt S

Iron rod |

° In the opposite figure, coil (1) is connected in series with a cell, a switch (K) and an ammeter
(A), and coil (2) is connected to a sensitive centre-zero galvanometer. State with explanation

what you will notice about the reading of each of the ammeter and the galvanometer in the

following two cases:
(1) when switch (K) is closed.

(2) when switch (K) is closed with a soft iron rod in each of the two coils.

VK
R —®
(‘1) e
M

(2) (1)

e A solenoid 1.1 m long has 700 turns and a face area of 10 cm?, and carries a current of 2 A.
Calculate:

(1) the induced emf in the coil if the current falls to zero in 0.01 s

(2) the self-inductance of the coil.

@ When the self-inductance of an inductor is increased, what happens, with explanation, to the
time of each of:

(1) the growth of the current from the moment the coil circuit is closed?

(2) the decay of the current from the moment the coil circuit is opened?
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@ State the physical quantities measured by the following units, and give the equivalent unit of
each:
(1) Qs
(2) T.m?/s
(3) Vs
4) Q.C
5) V.s/Am
6) V.s/m?
7) J.s/A.C
(8) Wb/A

(
(
(
(

Q Why are the wires of standard resistors double-wound?
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I Past exam questions — 21 questions

’ The opposite graph shows the relation between the induced emf in a secondary coil and the
rate of change of current in a primary coil ((A I)/(A t)). The mutual inductance of the two

coils equals +veevvaees (Trial exam / June 2021)

emf (V)
04 SR S A [t

0'3 '

B2 fit

0 g1
1234567Atws)

(A) 0.05 mH 50 mH (©) 0.04 mH (D) 40 mH

Q The opposite graph shows the relation between the induced emf in a secondary coil and the
rate of change of current in a primary coil next to it ((A I)/(A t)). The mutual inductance

between them is sevessenes (1st session 2021)

emf(V)

10

(A) 1.6 H (B) 6 H
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e Figure (1) shows the graph of the relation between the induced emf in a secondary coil and
the rate of change of current ((A D/(A t)) in a primary coil next to it. Which of the lines W,
X, Y, Z in figure (2) represents the relation between the mutual inductance of the two coils
(M) and the rate of change of current in the primary coil? (2nd session 2021)
M (H)
| M %
99 ¢ | |
: . . |

W
7

: X emf(V)

AT BT B N | AL s
00T 02 o3 g e 001 02 03 al®

Figure (2) Figure (1)

®w ® X ©Y ®z

° The opposite figure shows two identical adjacent coils (y), (x). At the moment switch (K) in the

circuit of coil (x) is closed, veevvrsees (1st session 2022)

Coil (x) Coil (y)
EEALT WL LAY LT T
K Y
Uk o S
= = o Y
R% %R "'ﬁ ) _II_
o L r
: e
| O,

@ the brightness of the lamp decreases while the voltmeter reading increases
the brightness of the lamp increases while the voltmeter reading decreases
@ both the brightness of the lamp and the voltmeter reading decrease

@ both the brightness of the lamp and the voltmeter reading increase
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° Two adjacent coils are wound on an iron core as in the figure. At the moment switch K is

closed, vvesersees (2nd session 2022)

Iron A AN N A A

Ccore

N A NN AN

Vg @ Vs
AW —

et

@ the brightness of the lamp increases and the voltmeter reading stays constant
the brightness of the lamp decreases and the voltmeter reading increases
@ the brightness of the lamp decreases and the voltmeter reading decreases

@ the brightness of the lamp decreases and the voltmeter reading stays constant

6 Two adjacent coils have a mutual inductance of 2 H, and the graph shows the change of the
current (I) in the primary coil with time (t). Which of the following graphs represents the
relation between the induced emf in the secondary coil and time (t)? (1st session 2023)

I{A)

emf(V) emf(V) emf(V)
ne . 4 F .

! | g 3

2' : E 2. 2 'i

1 _ : 1} 1
e n ] o i 4 ) G i@ O e
-1 Pt -1 -1 -1

-2} bl -2 -2 -2

3| b ' -3 | -3| ' -3

-4_________-___:_,',._. / ) ] _4i e g -4

O)
Q)
®
®
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a Two coils (X), (Y) have 500 turns and 1000 turns respectively. The graph shows the relation
between the change in magnetic flux through coil (Y) and the change in the current in coil (X).

The mutual inductance of the two coils equals ++vvvvvves (2nd session 2023)

(ﬂ%u)'f(me)
3

2.4 [k
1.8 |
12 ._' Feridgd

0.6 il

(A)o.3H (8) 0.6 H (©0.9H (®) 1.2 H

° Two coils, one inside the other: when the current in one of them changes from 4 A to zero in
0.01 s, an induced emf of 40 V is produced across the second coil. The mutual inductance of

the two coils equals +vveveeees (Sample exam 2025)

(A) 0.1 H (8)0.15H (©o0.2H (®) 0.25 H

° The unit (Henry.m™!) is the unit of measuring .vvvveeee. (Sample exam 2025)
@ the magnetic permeability of the medium ()

the magnetic dipole moment (mgy)
@ the magnetic flux density (B)

@ the magnetic flux (@)
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@ Two adjacent coils (X, Y): the graph shows the relation between the induced emf (emf), in coil
(Y) and the rate of change of current ((A I1)/(A t)) in coil (X). What is the mutual inductance
of the two coils? (1st session 2025)

(em?z(V)

Al
~f

8 At

(A) 0.5 H (®)3H (©1.5H () 0.25 H

(As™h

@ Two adjacent coils Ly, Ly: coil L; carries an alternating current of frequency 50 Hz whose
value changes from zero to 2 A during a quarter of a cycle. If the mutual inductance of the two
coils is 1.5 H, then the average induced emf in coil L, during this time equals vevsvaeses (2nd
session 2025)

(&) 600 V (8) 500 v (©) 400V (®) 300 v
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@ Two concentric metal rings in the same plane are in a uniform external magnetic field of flux
density (B) directed perpendicularly into the page. The large ring is connected to two batteries
with the same emf (Vp) and negligible internal resistance, and two open switches Ky, K5, as
shown in the figure. When only switch (K1) is closed, the large ring produces a magnetic field
of flux density (2 B) at the centre, and an average induced emf (emf) is produced in the small
ring. When only switch (K3) is closed with switch (K{) open, the average induced emf
produced in the small ring is +eevveeess (Sample exam 2026)

(Assume that the magnetic field produced by the large ring is uniform over the whole area of

the small ring)

B

XAAXXKX XX
XAAXXXXXX

@ 0.5 emf emf @ 2 emf @ 3 emf

@ Three rings A, B, C are made of conducting materials. Ring B carries a current (I) and moves
with a velocity (v) as in the following figures. The figure that shows the correct direction of the

induced current in the two rings (A, C) is «vevevsess (Sample exam 2026)

A B @ A B O’ - A B @' - A B A@J ‘
. ) 1" i ¥ _ W I
K @I le ' OI ke : Ve : [V ¢
I In Ia'__,,.r I.a.’_,.,»-
A.__,__{f--' .»-"‘}/ v v
® ©

b ®
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@ Graph (1) shows the growth of the electric current in a coil of self-inductance L connected to
a battery when the circuit is closed. Which of the curves shown in figure (2) represents the
growth of the current in the same coil, with a soft iron rod inside the coil, when the circuit is

closed? (Trial exam / May 2021)
I
: i

Curve (1) Curve (2) Curve (3) 1
— max

Inmx

r
1
I
P
1
1
1
1

Curve (4)
ettt t (M) TR L O N
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
Figure (2) Figure (1)

@ Curve 1 Curve 2 @ Curve 3 @ Curve 4

@ Three solenoids (Z), (Y), (X) have the same cross-sectional area, and the number of turns of
each can be changed. The opposite graph shows the relation between the self-inductance (L)
and the square of the number of turns (N2). What is the correct order of these coils according

to their lengths (£)? (2nd session 2021)

L (H)
4 Coil (X)
Coil (Y)
Coil (2)
— N2

Wix>ty>t; @®iy>ix>t; ©Olz>y>x @y > x>y
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@ A group of solenoids (x), each of length £ with Ny turns, and another group of solenoids (y),
each of length (£)/15 with Ny turns. The opposite graph shows the relation between the self-
inductance (L) of each coil and the cross-sectional area (A). If all the coils have the same

magnetic permeability, then the ratio (Ny/Ny) equals vveeeeeees (Ist session 2024)

L (H)
)

0.5- ()
0.4- |
0.3 182)
0.2- i
0.1- E
0 — A (m?)
0.02

(a) 3/5 2/5 (©1/5 (@) 4/5

G Two solenoids: the first has (N) turns, length (£), face area (A) and self-inductance (L), and the
second has (2 N) turns and the same length (£). The face area of the second coil that makes

(Given: the cores of the two coils have the same magnetic permeability)

A 1/4A (®)2A (©1/24A D A

@ A solenoid 40 cm long consists of 200 turns of insulated wire, each with a cross-sectional area
of 4 cm?, wound around a soft iron cylinder of magnetic permeability 2 X 10-3 T.m/A.
While the current in the coil changes at a constant rate, a self-induced emf of 2 V is produced

across its ends. What is the rate of change of the current in the coil? (1st session 2025)

() 4 A/s 500 A/s (©) 25 A/s (D) 0.08 A/s
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@ An inductor of length (£) consists of 800 turns, each with a cross-sectional area of 20 cm?.
The opposite graph shows the relation between the induced emf across the coil and the rate of
change of the current ((A D)/(A t)) in it. What is the length of the coil (£)? (2nd session
2025)

emf (mV)
A
32 R

2|

|
le _;UL:.!;. B F.L
Fad bl '
l
1'

1~ 2 3 4 At

®40cm 30cm @lOcm @20cm

(Als)

@ A long solenoid of diameter 0.1 m has 2000 turn/m. At its centre is placed a circular coil of
100 turns and diameter 0.02 m, so that its axis coincides with the axis of the solenoid. If the
current in the solenoid decreases at a constant rate from 4 A to zero in a time of 0.5 s,
calculate the total induced charge in the circular coil that flows through a cross-section of its
wire during this time. (Sample exam 2025)

(Given: the resistance of the wire of the circular coil = 1072 Q)

@ An electromagnet whose coil wire has a resistance of 2 € and a self-inductance of 2 H is
connected with a switch and a battery in a closed electric circuit. When the circuit is opened,
the current dies away in a time of 0.1 s and an induced emf of 150 V is produced across the
coil. Calculate: (2nd session 2023)

(1) the current in the coil before the circuit was opened.

(2) the potential difference across the coil before the circuit was opened.
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Answer key and solutions

I Multiple choice questions

1 2 3 4 5 6 7 8 9 10
A C A B B D B A A D
11 12 13 14 15 16 17 18 19 20
D A B A C D D C B A
21 22 23 24 25 26 27 28 29 30
C B C C B D A A B C
31 32 33 34 35 36 37 38 39 40
C B B C C D A B C C
41 42 43 44 45 46 47 48 49 50
C B B A C C B A C C
51 52 53 54 55 56 57 58 59 60
C B B C D D A C C B
61 62 63 64 65 66 67 68 69 70
D C B B D B D B A C
71 72 73 74 75 76

C C C B D B

G Answer (A)

The mutual inductance M = (u N1 N, A)/(£) depends on the two coils only,
so it does not change with (A I1)/(A t) and the line is horizontal.

a Answer (C)

M = (u Ny N, A)/(8), so it increases with the number of turns and when the two coils are closer
on the iron core.

Pair (C) has the greatest number of turns (ZN for each coil) and the coils are next to each other.

e Answer (A)

When the primary circuit is opened, the flux through the secondary decreases to zero,
so a momentary induced current is produced in the same direction as the primary current (direct)

to oppose the decrease (Lenz's rule).
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0 Answer (B)

A current from a to b means that the induced field opposes the field of circuit (2), so the flux

thanawiya-archive.com

through coil (1) is increasing.
The flux increases when one of the circuits is brought closer to the other.
Increasing the resistance or removing the iron core decreases it, and moving the two circuits

together does not change the flux.

° Answer (B)

The induced current in the secondary is opposite to the direction of the primary current (relative
to the winding), so the flux is increasing,

that is, the primary current increases, which happens by decreasing the resistance of the rheostat.

e Answer (D)

(emf), = M (A I,)/(A t), so the slope of the line = M
M= 0.6/1.2 = 0.5H

0 Answer (B)

Increasing S decreases the primary current, so the flux through the secondary decreases.
A current is produced in the secondary in the same direction as the primary current to oppose the
decrease, so end b is the positive terminal of the coil (as a source).

The potential of a is less than the potential of b.

° Answer (A)

Decreasing S increases the current of coil (A), so the flux in the common core increases.
A current is produced in coil (B) that opposes the increase (Lenz's rule); it leaves from end C, so C
is the positive terminal of the coil.

The potential of C is greater than the potential of D.

e Answer (A)

The two coils are similar and connected with the same polarity, so their fields are in the same
direction.

Moving (x) away decreases the flux passing through each of the two coils.

The induced current opposes the decrease, so it is in the direction of the battery current, and the

brightness of both lamps increases.
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@ Answer (D)

The primary current is constant (battery), so the flux through the secondary is constant.

thanawiya-archive.com

An induced emf is produced only when the flux changes, so the lamp does not light at all when K

is closed.

° Answer (D)

At the moment circuit (1) is closed, the flux through circuit (2) increases,
so an induced current is produced opposite to the current of circuit (1) (Lenz's rule),

and at end Q a pole similar to the pole facing it in the primary is formed (repulsion), so it is a

north pole.

@ Answer (A)

The rod moves at a uniform speed in a uniform field, so the emf is constant = 10 V.

So the current of coil (1) is constant and the flux through coil (2) is constant, and the brightness

of the lamp does not change.

e Answer (B)

emf, = M (AI)/(At) = 0.1x4/0.01 = 40V

@ Answer (A)

B= (N, D/(®) = (0.002x200%x4)/0.1 = 16 T
A =mnr?=mn(0.0175)2 = 9.62x10* m? and ¢,, = BA = 0.0154 Wb
emf, = N, (A@p,)/(At) = 10°%x0.0154/0.01 = 1.54%x10°V

@ Answer (C)

M = (emf, AD/(AI) = (1.54x105%0.01)/4 ~ 385 H

@ Answer (D)

M = (Ny ¢y)/Ix = (2000%2.5%10%)/7 = 0.07 H

G Answer (D)

emfy, = Ny (Ap)/(AD) = M (AL)/(A D), so MAI, = Ny Agy,
Al = (100x2x1073)/0.01 = 20 A

@ Answer (C)

M = (N A@.)/(A I,) and the ratio (A@,,)/(A 1,) is the slope of the line = tan@
(My,)/(My,) = fracNtan60°2Ntan30° = (V(3))/(2x 1/(NV(3))) = 3/2
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@ Answer (B)

emf =M((AD/(At)=At= (MAID/emf = (0.3x10)/60 = 0.05 s

@ Answer (A)

(AD/(At) = V/L at the moment of closing, proportional to the emf of the source.

thanawiya-archive.com

With K, and K3 the number of cells is greater than with K, so the rate of change of current
increases and the induced emf in y increases,

so the deflection angle is greater than 0 in both cases.

@ Answer (C)

Decreasing S increases the current of coil (y), so an induced current is produced in each of (x) and
(z) in the same direction.

emf « N, so ((emf),)/((emf)y) = 3N/N = 3 and the resistance is the same,

so G, deflects to the right of zero by an angle greater than 0.

@ Answer (B)

Before closing Iy = 20/R, and after closing R and R are in parallel, so I, = 20/(R/2) = 40/R
AI = 20/Randemf = M (AD/(At) = 0.04 = 0.01 X (20/R)/0.25
20/R =1=R = 209

@ Answer (C)

emf = -M (A D/(At), that is, the slope of the line in figure (2).
Rising stage: a small constant slope, so a small constant negative emf, then zero while the current
is steady.

Falling stage: a greater slope in a shorter time, so a greater constant emf with the opposite sign.

@ Answer (C)

From the graph (AD/(At) = 15/3 = 5 A/s, constant.
emf = -M (AI)/(At) = -1X5 = -5V, constant (a horizontal line).

e Answer (B)

lemfl = M(AD/(AD) > Al = (2x20%x103)/(10x103) = 4 A
A reverse emf is produced when the primary current increases, so it increases from zero to 4 A in
20 ms.
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@ Answer (D)

B=(uD/2r = (4nx107x8)/(2x0.5) = 1.005X 10> T
@, = BA = 1.005% 10°° X 1 (0.05)%> = 7.9x 108 Wb
emf = (A@)/(AtY) = (7.9%x108)/(10°) = 0.079 V

I = emf/R = 0.079/(1073) = 79 A

e Answer (A)

When the coil rotates 180°, the flux changes from BA to -BA, so Ap,, = 2BA
Q = (Ny Ap)/R =B = QR/2N,A = (20x107°X50)/(2x10x5x10%) = 104 T
B=(uN.D/2r=1= 2rB/(uNy = (2x0.11xX10%)/(4nx107x7) = 2.5 A

@ Answer (A)

The current changes at a constant rate: (A )/(At) = 1.5/0.05 = 30 A/s
emf=NunA (AD/(At) = 100X 4w x 107 x 2100 X 7 (0.01)* X 30
emf = 2.49x103V

@ Answer (B)

L = emf/(AI/At), so its unit is (V- 5)/A = Q- s

@ Answer (C)

L = (uN?*A)/(),so L « N?

The relation is a second-degree curve starting from zero.

e Answer (C)

When the current is steady, (A )/(A t) = 0, so the self-induced emf vanishes,
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and the current becomes steady at I = V/R

@ Answer (B)

When the circuit is closed, the current starts to grow, so the flux in the coil itself changes,
and a reverse induced emf is produced that opposes the growth of the current (Lenz's rule), so it

grows slowly.

e Answer (B)

A direct self-induced emf is produced when the current decreases (it opposes the decrease).
Opening K, increases the total resistance, so the current decreases, while the other actions increase

the current, so a reverse emf is produced.
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@ Answer (C)

The lamp is in parallel with the coil. When K is opened, the coil current keeps passing through it
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because of the self-induced emf,

and it decreases gradually, so the brightness of the lamp decreases gradually.

e Answer (C)

At the moment the switch is opened, the current decreases very quickly, so a large self-induced
emf is produced.
The direct induced emf (in the direction of the current) is what lights the lamp; it needs a voltage

= 180 V, much greater than the battery voltage 6 V.

e Answer (D)

L = (uN? A)/(8) depends only on the dimensions of the coil and its core,

so the self-inductance is always constant and is not affected by opening or closing the switch.

@ Answer (A)

emf = L (AI)/(A t), so the slope of the line = L
L=08/8=0.1H

@ Answer (B)

L = 0.1 H from the slope
emf =L(AD/(At) = 0.1X5 =05V

@ Answer (C)

L= (u N2 A)/(0), and from the graph at A = 30 cm? L = 0.3x10*H
0= (uN?>A)/L = (4nx107 x100*x30%x104)/(0.3%X10%) = 0.4n m

@ Answer (C)

L = (uN?A)/(1),so (L)/L = ((2N)*/20)/(N?*/1) = 2
L' = 2L

° Answer (C)
@ Answer (B)

L= (u N2 A)/(0) and the core is iron in all cases, so compare (N2A)/(1) (the current does not
affect L)
(A) 1, (B) ((2N)32A)/(20) = 2,(C) 1/4, (D) (N? (2A))/(28) = 1, so the greatest is (B).
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@ Answer (B)

Inserting a soft iron core increases the magnetic permeability i,

soL = (u N2A)/(0) increases and becomes greater than 0.1 H.

@ Answer (A)

The final current Iy = V/R does not change when the core is placed.
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L increases, so the reverse emf and the growth time of the current T = L/R increase, and the time

is greater than t.

@ Answer (C)

L=Wg¢g/I=N=@D/(py) = (1X2)/(4%x1073) = 500 turns

@ Answer (C)

L = (NAp,/(AD) = (100X0.05)/4 = 1.25 H

0 Answer (B)

emf =L(AD/(At) = N (Ap)/(At)
(Ap,)/(At) = (6X103x2)/300 = 4X 10> Wb/s

@ Answer (A)

I=INeg@/L =(100x6%x10%)/0.03 = 2 A
emf =L(AD/(At) = 0.03x2/0.02 =3V

@ Answer (C)

L=(Ng@)/I=1= (100x6x104)/0.03 = 2A

@ Answer (C)

L« (N?A)/(), so Li/Ly = (N*A/D)/((N/4)? 2A/(0)/2)
LI/LZ = 1/(1/16)(4) =4

e Answer (C)

L = (uN?A)/(0) = L « u with the rest constant
(,uair)/(,uiron) = (Lair)/(Liron) = (2 X 10-4)/0-3 = 1/1500
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@ Answer (B)

The wire length § = Nud = N = (0)/(x d), the area A = (7t d?)/4, and the length of the coil
is its circumference 7 d

L=@NA/d = @i/ (4nd = L=1/d

L/L, = 2d/d = 2/1

@ Answer (B)

L = (uN?A)/(1) = (4%X3.14X 107 X500°>x40%x104)/0.4 = 3.14x 103 H
emf=L(AD/(At) = 3.14x103%2/0.1 = 6.28x107%V

@ Answer (C)

L= (uN?A)/(1) = (4x22/7%X107x40*x70/22x10%)/0.1 = 6.4x10°H

@ Answer (D)

Cutting 10 turns reduces the number to 30 turns, and the length decreases in the same ratio 3/4

L« (N%)/),soL" = ((3/4)%?)/(3/4) L = 3/4%x6.4x10° = 4.8x10°H

@ Answer (D)

L = emf/(AI/At) = 5/20 = 0.25H

e Answer (A)

emf =L(AD/(At) > At = (LAD/emf = (0.005%10)/5 = 0.01 s

@ Answer (C)

In a double-wound coil, the current in its two halves flows in opposite directions, so their fields
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cancel,

and the self-inductance of the resistor becomes zero.

@ Answer (C)

emf = -L (A D)/(A t), that is, the slope of the line in the upper figure.
a — b and d — e: I is constant, so emf = 0
b — c: the current decreases, so the emf is constant and positive (direct), and ¢ — d: it increases,

so the emf is constant and negative (reverse).

@ Answer (B)

(AD/(At) = 8/(40x1073) = 200 A/s
emf=L(AD/(At) = 60x103%x200 = 12V
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@ Answer (D)

The current I = V/R is proportional to V, and a direct emf is produced when the current
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decreases.

It is greatest when the current decreases at the fastest rate, which is the steepest slope, that is, stage
D.

@ Answer (C)

When the circuit is closed, the current increases from zero to V/R at a decreasing rate,

soemf = L (AI)/(At) decreases from its greatest value to zero, which is shown in figure (C).

@ Answer (B)

The final current I = Vp/R because the coil has no resistance and the battery has no internal
resistance.

The final current in (1) is greater than in (2), so Ry < R;

@ Answer (B)

The rate of growth of the current at the moment of closing (A I)/(At) = Vg/L does not depend
on R.

Curve (1) is steeper at the start, so Ly < L

@ Answer (D)

Point A is after B and its current is greater, and the slope of the growth curve decreases with time,
so the reverse emf and (A I)/(A t) decrease while the net Vi - emf,,cx = IR increases, and L is
constant.

So the quantity that increases from B to A is the net emf in the circuit.

@ Answer (B)

Increasing Ry decreases the current, so a direct induced emf is produced in the coil in the

direction of the current.

I = (Vg + emf)/Ry = (5 + emf;)/10 > 0.5 A

@ Answer (D)

At the moment of connection I = 0, so there is no voltage drop across the resistance, and all the
voltage is across the coil.

(AD/(At) = V/L = 120/0.6 = 200 A/s
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@ Answer (B)

Ipax = V/R = 120/15 = 8 AandI = 0.8X8 = 6.4 A
(AD/(AY = (V-IR)/L = (120 - 6.4%x15)/0.6 = 40 A/s

@ Answer (A)

Ly = (Ny A@p)/(AIy) = (500x2x103)/10 = 0.1 H

@ Answer (C)

M = (Ng App)/(AIy) = (2000x10%)/10 = 0.02 H

° Answer (C)

At positiona, R = 0,s0 I, = 12/3 = 4 A
(AD/(At) = emf/L = 15/0.1 = 150 A/s,so AT = 150x0.02 = 3 A
The current decreases: I, = 4-3 = 1A, soR, = 12/1-3 = 9Q

@ Answer (C)

Vo, =IR + LAAD/(AD = 2X2 + 0.2X20
V,=4+4=8V

@ Answer (C)

The straight wire has almost no self-induction, so the current reaches its maximum at once (lamp
Z).

The air-core coil delays the growth of the current by T = L/R, and the iron-core coil has a
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greater L, so it delays it more.

So the time needed to reach maximum brightness: Y > X > Z

@ Answer (B)

M = (u NXNYA)/ (0) and Ly = (u NX2A)/ (2) (two coils one inside the other on the same core)
M = Ly Ny/Ny

@ Answer (D)

M = (N5 Apg)/(AIp) = (3NX0.6 App)/(AIp) and Lp = (N App)/(A Ip)
M/Lp = 3x0.6 = 1.8

@ Answer (B)

At the moment the primary is closed, (A I1)/(At) = V/L; = 20/0.04 = 500 A/s
M = emf,/(AI/At) = 5/500 = 0.01 H
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I Essay questions

G Model answer

1) A north pole.
(1) P
2) A north pole.
(2) P
3) A south pole.
(3) p
4) A south pole.
(4) P

6 Model answer

The brightness of the lamp decreases, because while resistance R is increased uniformly, the
current in its circuit decreases according to the relation (I = V/R), so the magnetic flux produced
by the coil and cutting the turns of the coil connected to the lamp decreases. A direct induced emf
is produced in this coil by mutual induction, opposite to the emf of the battery connected to the

lamp, so the brightness of the lamp decreases.

e Model answer

(1) An induced emf is produced in coil b, because while resistance R is increased, the resistance
of the circuit of coil a increases, so the current in coil a decreases and the magnetic flux it
produces, which cuts coil b, decreases. According to Lenz's rule, a direct induced emf is produced
in coil b.

(2) No induced emf is produced in coil b, because there is no change in the magnetic flux cutting

the turns of coil b.

° Model answer

(1) At the moment switch K is closed, the current in the coil grows, so the flux produced by the
coil and cutting the ring increases gradually. An induced emf is produced in the ring, which
produces an induced current whose direction on the face of the ring facing the coil is clockwise.
(2) After the current reaches its steady value in the circuit of the solenoid, the magnetic flux

cutting the ring no longer changes, so no induced current is produced in it.

° Model answer

These tools are arranged as follows:

(1) The soft iron rod is placed inside coil (2), and coil (1), which has the larger cross-sectional
area, is placed around coil (2) as a secondary coil.

(2) The battery V and switch K are connected across the ends of coil (2) so that it works as a

primary coil.
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6 Model answer

A momentary reverse induced emf is produced in the coil, because at the moment switch K is
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closed the total resistance of the circuit decreases, so the current in the coil increases and a reverse

induced emf is produced in the coil by self-induction.

a Model answer

The galvanometer reading increases for a moment and then returns to its first reading, because
while the iron rod is pulled out of the coil the flux cutting the coil decreases, so a direct induced

emf is produced in the coil and the current in the circuit increases for a moment.

° Model answer

(1) The ammeter pointer moves, showing the growth of the current in the first circuit, until it
reaches a reading that gives the battery current. The growth of the current is slow because of the
reverse emf produced by self-induction.

The galvanometer pointer moves for a moment in a certain direction, showing the current
produced by mutual induction between coils (1), (2), then returns to zero when the ammeter
pointer becomes steady.

(2) The ammeter pointer deflects more slowly than in the first case, because the reverse emf
produced by self-induction in the coil increases, then it settles at the same reading as in the first
case.

The momentary deflection of the galvanometer increases because of the iron rod, which increases
the rate of change of the magnetic flux, so the emf induced by mutual induction increases. Then

the pointer returns to zero again when the ammeter pointer becomes steady.

° Model answer

(1) B=uNI/() = 4 x 107 x (700 x 2)/1.1 = 1.6 x 103 T

emf = -N (A (BA))/(At) = -700 x ((0-1.6) x 1073 X 10 x 10%)/0.01 = 0.112V
(2) L = (emfAD)/(AD = (0.112 x 0.01)/2 = 5.6 X 10*H

Another solution: L = (WA N2)/(8) = (4n x 107 x 10 X 10* x (700)%)/1.1 = 5.6 X
10*H

@ Model answer

(1) The growth time of the current increases, because the reverse emf induced in the coil by self-
induction increases, so it opposes the growth of the current more.
(2) The decay time of the current increases, because the direct induced emf increases, so it

opposes more the collapse of the current and its reaching zero.
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@ Model answer
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(1) Qs : self-inductance or mutual inductance, equivalent unit: henry.
(2) T.m?/s : induced emf, equivalent unit: volt,

(3) V.s : magnetic flux, equivalent unit: weber.

(4) €2.C : magnetic flux, equivalent unit: weber.

(5) V.s/A.m : magnetic permeability, equivalent unit: weber/ampere.metre.
(6) V.s/m? : magnetic flux density, equivalent unit: tesla.

(7) J.s/A.C : self-inductance or mutual inductance, equivalent unit: henry.
(8)

8) Wb/A : self-inductance or mutual inductance, equivalent unit: henry.

@ Model answer

To avoid the effect of self-induction of the coil: in each turn, the magnetic field produced by the
current in one direction cancels the field produced by the current in the opposite direction, so the

opposition of the coil to the current depends only on its ohmic resistance.

I Past exam questions

1 2 3 4 5 6 7 8 9 10
B D D A A A B A A C
11 12 13 14 15 16 17 8 19 20
A B D C C C D C D —

21

G Answer (B)

M = emf/(AI/ At) = the slope of the line = (0.3-0.1)/(6 -2) = 0.05 H = 50 mH

6 Answer (D)

M = the slope of the line = (12-4)/(6-2) = 2H

e Answer (D)

From figure (1): M = 0.6/0.3 = 2H
The mutual inductance depends only on the two coils and does not change with the rate of change

of current, so it is represented by a horizontal line at 2 H, which is line Z.
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0 Answer (A)

When K is closed, the two resistors are connected in parallel, so the total resistance decreases and
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the current in coil (x) increases. The flux through coil (y) changes, and an induced emf opposite to
the battery's emf is produced in it.
So the current in circuit (y) decreases and the brightness of the lamp decreases, and the voltmeter

reading increases because V = Vg - I r and I r decreases.

e Answer (A)

When K is closed, the current in the primary coil grows, so an induced emf is produced in the
secondary coil in the same direction as the battery, and the brightness of the lamp increases.
The voltmeter is connected across a battery of internal resistance r = 0, so its reading = Vp

always and stays constant.

6 Answer (A)

(AD/(AY) = (2-8)/(4-1) =-2A/s
emf = -M(AD/(At) = -2 X (-2) = 4V, constant fromt=1stot=4s

G Answer (B)

emfy = -Ny (A @)/(At) = -M (AIx)/(At), so M = Ny (A @)/ (A Ix)
M = 1000 x ((3-0.6) x 103)/(5-1) = 0.6 H

° Answer (A)

M = emf/(AI/At) = 40/(4/0.01) = 0.1 H

° Answer (A)

1 = B/H and its unit is Wb/A.m = H/m

@ Answer (C)

M = the slope of the line = 12/8 = 1.5 H

° Answer (A)

At=T/4 =1/(4 x 50) = 0.005 s
emf=M((AD/(AY) = 1.5 X 2/0.005 = 600 V
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@ Answer (B)

The external field B is constant, so it does not contribute to the change in flux; the change comes
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only from the field of the large ring.
In both cases the field of the large ring changes from zero to 2 B (by the same magnitude even
though the direction differs), so the change in flux and its time are the same, and the same emf is

produced: emf

@ Answer (D)

Ring B approaches A, so the flux in A increases and a current opposite to I is produced in it
(repulsion).
It moves away from C, so the flux in C decreases and a current in the same direction as I is

produced in it (attraction). This is shown in figure (D).

@ Answer (C)

The iron core increases the self-inductance, so the time needed for the current to grow increases,

but the maximum value of the current (Vg/R) does not change. This is represented by curve 3.

@ Answer (C)

L = (uA N2)/(8), so the slope of the line = (u A)/(8) is inversely proportional to the length.
The slope of X is greatest, then Y, then Z, so 7 > fy > Ix

@ Answer (C)

L= (u N2)/(0) A, so the slope = (u N2)/(0)
x): (uN?)/(8) = 0.5/0.02 = 25, (y): (15 u N,»)/(8) = 0.3/0.02 = 15
(Ny?)/(Ny?) = 1/25,s0 Ny/Ny = 1/5

0 Answer (D)

L < N2 A (for the same length and permeability): (4 L)/L = ((2 N)2A,)/(N?A)
4 = 4A2/A, SOA2 = A

@ Answer (C)

L=@AN?/(0) = (2 X 103 X 4 x 10* x (200)%)/0.4 = 0.08 H
(AD/(At) = emf/L = 2/0.08 = 25 A/s

@ Answer (D)

L = the slope of the line = (32 X 103)/4 = 8 x 10°H
0= WAN?/L = (4n X 1077 X 20 x 10* x (800)%)/(8 x 103) = 0.2m = 20 cm
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@ Model answer

M = (uNy N, Ay)/(81) = pn N A, where A is the area of the circular coil

A=mnr?=mx(0.01)=nx x 10* m?
M =41 X 1077 X 2000 X 100 X ;w X 10% = 7.9 x 10° H
Q=It=emf/Rt=((MAD/R = (7.9 X 10> X 4/(107?) = 3.2 X 10°C

e Model answer

(1) emf = -L(AD/(AY):150 = 2 x 1/0.1,50] = 7.5 A
2)V=IR=75x2=15V
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