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I Multiple choice questions — 113 questions

’ The direction of the electric current generated in the coil of a dynamo can be found using

XXX R RN

@ Fleming's left-hand rule Ampere's right-hand rule
@ Fleming's right-hand rule @ the right-hand screw rule

a The rate at which the dynamo coil cuts the magnetic flux lines is maximum when the plane of

the coil 1S veveeeeees

@ perpendicular to the flux lines parallel to the flux lines
@ inclined at 30° to the flux lines @ inclined at 60° to the flux lines

e The time rate of cutting magnetic flux lines by the dynamo coil during its rotation is zero

when the plane of the coil becomes vievivaess

@ inclined to the field at 45° parallel to the field
@ perpendicular to the field @ inclined to the field at 30°

0 At the moment when the coil of an AC dynamo is parallel to the direction of the magnetic flux,
the magnetic flux through the coil (¢,,) and the emf induced in the coil are vvesveraes

@ Py maximum, emf: zero Qm: zero, emf: maximum

: maximum, emf: maximum : zero, emf: zero
m m

° In an AC dynamo, when the maximum induced emf is obtained, the plane of the coil relative

to the magnetic field is vseveeress

@ perpendicular parallel @ inclined at 45° @ inclined at 60°
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e A rectangular coil rotates between two magnetic poles. If the coil rotates about the axis PQ
starting from the position shown in the figure, which of the following graphs correctly

represents the change of the induced emf in the coil during one complete revolution?

Axis
Q s

emf

+Angle

F NE/?" (rad)
®

6 The coil of an AC dynamo rotates in a uniform magnetic field with an angular velocity w. The

periodic time of the coil iS vvrerrvaes

@) @)/ 2n)/(w) © W/ (w) ®) (w)/2

° The coil of an AC dynamo rotates about an axis parallel to its length with an angular velocity
of 377.2 rad/s. The frequency of the current is vesvervess

(a) 50 Hz (B) 60 Hz (©) 75 Hz (D) 100 Hz

G If the number of turns of the dynamo coil is doubled and its angular velocity () is reduced

to a quarter, the maximum emf generated by it seveesesss

@ doubles decreases to half

@ stays constant @ decreases to a quarter

@ The coil of an electric generator rotates with an angular velocity of 281 rad/s, producing a
maximum induced emf of 120 V. The angular velocity needed to produce a maximum induced

emf of 480 V iS vevevevees

(A) 2.7 rad/s 70.3 rad/s (©) 205 rad/s (D) 1124 rad/s
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@ The (emf) nax generated in a dynamo coil is 100 V when the coil rotates at a frequency (f).
When the frequency is increased by 25 Hz, (emf) .« increases to 150 V. The value of the

frequency (f) is svvevereaes

(a) 25 Hz (8) 50 Hz (©) 100 Hz (D) 150 Hz

Q Which of the following graphs represents the relation between the maximum induced emf
(emf) nax generated in the dynamo coil and the angle of rotation of the coil (9)?

(emf) (emf) (emf) (emf )y
& 2] b- 2] IA 0
® ©

@ Which of the following graphs represents the relation between the maximum induced emf

]

®

(emf) max generated in the dynamo coil and the resistance of the dynamo coil (R)?

(emf)pax (emf) .x (emf ) ax emf Ymax

AN

@ The opposite graph represents the relation between the maximum induced emf (emf) .« in a

®

dynamo coil whose number of turns can be changed and the number of turns of the coil (N). If
the angular velocity of the coil is 100 rad/s and the magnetic flux density is 0.4 T, the area of

the coil iS vevererens

(emf) 2, (V)

&

150

100

50

= N (turn)

(&) 0.5 m? 0.2 m? (© 0.25 m? (©) 0.125 m?
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@ Four electric generators x, y, z and k have coils with the same number of turns and are affected
by identical magnetic fields. The opposite graph represents the relation between the emf
generated in the coil of each during half a revolution and the time (t). The relation between the

face areas of these coils 1S veveverees

— 1
A Ay > Ay > A, > Ay (®) Ay = Ay = A, = Ay
(© A > Ay > A, > A, @ A > A, > Ay > A,
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@ The opposite figure shows an electric generator whose coil has a cross-sectional area of 0.5 m?
and 400 turns. If the coil rotates about the axis of rotation with an angular velocity of 10 T

rad/s and the maximum induced emf in it is 628 V, then «.eevveees (given: 70 = 3.14)

Direction of rotation Magnet

P ™ .
. Coil
/!

Graphite
b brushes

@ the magnetic flux density acting on the coil: 0.01 T, the direction of the induced current

in the external circuit at the moment shown: from a to b

the magnetic flux density acting on the coil: 0.01 T, the direction of the induced current

in the external circuit at the moment shown: from b to a

@ the magnetic flux density acting on the coil: 0.1 T, the direction of the induced current in

the external circuit at the moment shown: from a to b

@ the magnetic flux density acting on the coil: 0.1 T, the direction of the induced current in

the external circuit at the moment shown: from b to a

Q The instantaneous induced emf in the dynamo coil is calculated from the relation emf = NBA
w sin 6. Which of the following statements does NOT describe the angle 0 in this relation

correctly?

@ 0 is the angle between the normal to the direction of the magnetic field and the plane of
the coil

0 is the angle between the direction of the magnetic field and the normal to the plane of
the coil

@ 0 is the angle between the direction of the magnetic field and the direction of the velocity

of one side of the coil

@ 0 is the angle between the direction of the magnetic field and the plane of the coil
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@ The instantaneous induced emf in the coil of an AC dynamo during its rotation, when the

angle between the plane of the dynamo coil and the direction of the magnetic flux is:
(1) 60°, equals serererens

@ (V(3))/2 of its maximum value

@ its maximum value

1/2 its maximum value
@ its effective value

@ The instantaneous induced emf in the coil of an AC dynamo during its rotation, when the

angle between the plane of the dynamo coil and the direction of the magnetic flux is:
(2) 45° equals veevrvvnes

@ V(2) of its maximum value

@ its maximum value

half its maximum value

@ its effective value

@ If the maximum induced emf in a dynamo coil is 200 V, the instantaneous induced emf when:

(1) the coil reaches 1/12 of a revolution from the moment when the emf is zero, iS vvvrsseess

A sov (8) 100 v (© 150V (®) 200 V

° If the maximum induced emf in a dynamo coil is 200 V, the instantaneous induced emf when:

(2) the angle between the normal to the plane of the coil and the flux lines is 30°, is vevvvveee

A sov (8) 100 V (© 150V (D) 200 V

@ If the maximum induced emf in a dynamo coil is 200 V, the instantaneous induced emf when:

(3) the plane of the coil is inclined to the field at 60°, is vevvvveee

(a) 100V (®) 70V ©s0Vv () 20V

@ The coil of an AC dynamo consists of 200 turns with a cross-sectional area of 6 X 1072 m2. It

rotates in a magnetic field at 1800 revolutions per minute. If the magnetic flux density is 0.1
Tesla, then:

(1) The induced emf in the coil when it passes through the following positions:
(a) the plane of the coil perpendicular to the field equals vvesvavaes

@o (®) 72V (© 144V () 216V
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@ The coil of an AC dynamo consists of 200 turns with a cross-sectional area of 6 X 1072 m2. It
rotates in a magnetic field at 1800 revolutions per minute. If the magnetic flux density is 0.1
Tesla, then:

(1) The induced emf in the coil when it passes through the following positions:

(b) the plane of the coil parallel to the field equals veveseaess

@ o 226,29V (©) 452,58 V () 678.87 V

e The coil of an AC dynamo consists of 200 turns with a cross-sectional area of 6 X 1072 m2. It
rotates in a magnetic field at 1800 revolutions per minute. If the magnetic flux density is 0.1
Tesla, then:

(1) The induced emf in the coil when it passes through the following positions:

(c) the plane of the coil inclined at 60° to the direction of the field equals vvevevaens

(A) 113,15V (B) 144.5V (©) 155.3V () 169.2V

@ The coil of an AC dynamo consists of 200 turns with a cross-sectional area of 6 X 1072 m2. It
rotates in a magnetic field at 1800 revolutions per minute. If the magnetic flux density is 0.1
Tesla, then:

(2) The average induced emf in the following cases:

(a) during a quarter of a revolution from the position perpendicular to the field equals vvavreress

(A 36V (®) 72V (© 144V (D) 288 V

@ The coil of an AC dynamo consists of 200 turns with a cross-sectional area of 6 X 1072 m2. It
rotates in a magnetic field at 1800 revolutions per minute. If the magnetic flux density is 0.1
Tesla, then:

(2) The average induced emf in the following cases:

(b) during half a revolution from the position perpendicular to the field equals vveseaeaes

@o (B) 144V (©) 288V (®) 300 v

@ The coil of an AC dynamo consists of 200 turns with a cross-sectional area of 6 X 1072 m2. It
rotates in a magnetic field at 1800 revolutions per minute. If the magnetic flux density is 0.1
Tesla, then:

(2) The average induced emf in the following cases:

(c) during a complete revolution starting from the zero position equals vevevaeses

(&) 576 v (B) 144V (©36V @) o
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@ The coil of an AC dynamo, of dimensions 5 cm and 10 cm and consisting of 420 turns, is
placed in a uniform magnetic field of flux density 0.4 Tesla so that the plane of the coil is
perpendicular to this field. If the coil rotates at 1000 revolutions per minute, the induced emf
in each of the following positions:

(1) after 1/4 of a revolution from the first position equals vveeerrres

@22V () 44V (© 66V () 88V

@ The coil of an AC dynamo, of dimensions 5 cm and 10 cm and consisting of 420 turns, is
placed in a uniform magnetic field of flux density 0.4 Tesla so that the plane of the coil is
perpendicular to this field. If the coil rotates at 1000 revolutions per minute, the induced emf
in each of the following positions:

(2) after 150° from the first position equals +veevvvves

2V 44V 66 V 88 V
2 (®)

° A dynamo coil with a face area of 4 X 1072 m? and 70 turns rotates at 3600 revolutions per
minute in a magnetic field of flux density 0.5 Tesla. If it starts moving when its plane is
perpendicular to the direction of the field, the emf after 1/720 second from the start of the

motion equals vvaeareaes

(A 132v 264V (©)276.6 V (0) 342.8V

e The coil of an electric generator consists of 600 turns, each of area 25 cm?. If the coil is
rotated about an axis perpendicular to a uniform magnetic flux of density B with a constant
angular velocity (W), an induced emf given by emf = 12.5 sin (100 7 t) is generated. The

magnetic flux density (B) is approximately «veveveves

@W27x10°T (®)27%x104T (©27x%x102T (27T

e If the induced emf in the coil of an AC dynamo of 100 turns is given by emf = 100 i sin
(100 7 t), the maximum magnetic flux passing through one turn of the coil during its rotation

equalS XXX RN

(a) 102 Wb ®B)2x103wWb  (©2x10*Wb (D) 10* Wb
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@ Which of the following graphs represents the relation between the instantaneous emf generated
in the dynamo coil and the sine of the angle of rotation of the coil (sin 9), if the coil starts

rotating from the zero position?

(cmf:inst (enlf)inst (emf)lnst (eme inst

|_-sin9 |l‘sm9 |4.sin9 . sin®
® © ®

@ Which of the following graphs shows the relation between the instantaneous induced emf in

the dynamo and the time (t), if the coil starts rotating from the position where its plane is
inclined at 60° to the field?

emf emf emf emf

®

@ Two dynamo coils (x) and (y) have the same area and have N and 2 N turns. They rotate in
two magnetic fields of the same flux density. When the frequency of rotation of the two coils is
changed, which of the following graphs represents the relation between the maximum induced
emf in each coil (emf).x and the periodic time (T) of its rotation?

(emf) e (emf)

(cmf)m“ (emf), ‘max

N~
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@ The opposite graph represents the relation between the induced emf in the coil of an AC
dynamo and the time (t) during 7 ms. The frequency of rotation of the dynamo coil equals

XXX R R R RN

emf(V)

{%tms
- (ms)

(&) 59.5 Hz (8) 71.4 Hz (©) 119 Hz (D) 142.8 Hz

@ The opposite graph represents the relation between the induced emf in the coil of an AC
dynamo during a complete revolution and the time (t). If the face area of the coil is 0.125 m?
and it has 200 turns, then:

(1) The magnetic flux density in which the dynamo coil rotates equals vvveeeess.
emf(V)
30 -
20
10
12 14 16. 13}:50 toms)

4
'

PRy A Ry

W14x10°T (8)26x%x10°T (©)38x103T (0)4.2x 103T
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@ The opposite graph represents the relation between the induced emf in the coil of an AC
dynamo during a complete revolution and the time (t). If the face area of the coil is 0.125 m?
and it has 200 turns, then:

(2) The instantaneous emf generated when the plane of the coil makes an angle of 60° with

the direction of the magnetic field equals vveveveess
emf(V)
30 -
20

10
t{ms)

12 14 16 18/270

D A G 8a ]

A 12v (®) 14V ©15Vv () 18V

@ The coil of an AC dynamo rotates at a frequency of 120 Hz. If at a certain moment the coil is
inclined to the field at 60°, the instantaneous induced emf in the coil becomes zero after a time

Of veveveeres from that moment.

Direction of rotation

(A) 0.12 ms 8.33 ms (©) 6.33 ms (D) 3.47 ms
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° The two opposite figures show two models of AC dynamo coils (1) and (2) with 10 turns and
20 turns respectively. If the flux density acting on each is B and each rotates so that the linear

velocity of the side parallel to the axis of rotation is v, the ratio (((emf) max 1)/ ((eMf) max 2))

IS vevevenene

i

I

N 2f| S

1
N (1)

N=10

-—20

(2)

(x) 1/4 1/2 (© 1/1 (@) 2/1

@ The coil of an AC dynamo is 10 cm long and consists of 200 turns. It rotates at a constant
speed about an axis parallel to its length. The opposite graph represents the relation between
the maximum induced emf in the dynamo coil (emf) .5 and the linear speed (v) of one of the

long sides. The magnetic flux density acting on the coil equals vsvseseess
(emf), ., (V)
80

60

40 |

20

- V(m/s)

25 5 15 10
(AoaT (®)0.2T (©0.3T (0)0.4T
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@ Two AC dynamos (x) and (y) have coils with the same number of turns, of lengths £ and 2 £
and widths w and 1/2 w respectively. Each rotates about an axis parallel to its length with the
same linear speed inside two magnetic fields of the same flux density. Which of the following
graphs represents the relation between the induced emf in each coil and the time (t) during half

a revolution?

(y)

emf
Iy
|
|
[

@ The opposite graph represents the relation between the instantaneous induced emf in a
dynamo coil rotating at frequency f and the time (t). If the frequency of rotation of the coil

increases to 2 f, the graph showing the same relation is sesevseses

emf (V).

emf (V)

t(ms)
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@ The opposite figure represents the relation between the induced current in the coil of an AC
dynamo and the time of rotation of its coil. Given that the resistance of the dynamo circuit is
16.5 Q, the instantaneous induced emf generated 12 ms after the zero position is

approximately vsevevaes

I(A)
4

t(ms)

<
oo
|

(a) 165V () -176 v (©219v (D) -286 V

@ The coil of an AC dynamo consists of 70 turns, and the graph represents the relation between
the magnetic flux (@) passing through the coil and the time (t). The induced emf in the coil

at (t = 10 mS) equals vt

¢, (mWb)

s

» t(ms)
5 10\—1y20
BN o o

Ao (®) 220V (© 440V (@) 880V
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@ The opposite graph shows the change of the magnetic flux (¢,,) during a complete revolution
of the coil of an electric generator that consists of 8 turns and rotates at a frequency of 50 Hz:

(1) The induced emf generated in the coil after a quarter of the periodic time equals vvvvveee

0n(WH)

0.035

3
D

45° \90°180° /270° 360°

Y

(a) 123.2V (8) 100 V (©61.6V ™o

@ The opposite graph shows the change of the magnetic flux (¢y,) during a complete revolution
of the coil of an electric generator that consists of 8 turns and rotates at a frequency of 50 Hz:
(2) Which of the following choices represents the relation between the induced emf generated
in the generator coil and the angle (9) during a complete revolution?

emf (V) emf (V) emf (V) ernf (\")
|

e e e
0‘ ° 180°270° 360° U| %0° 18 2?;0 360° 9° 180° é“?'d")'sw u‘ 90 180° 270° 360°
. ‘ ; 1“/ X ' j
t : '
®

©

0.035]-=
H
:
450 Wzﬂw 360°
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@ The coil of an AC dynamo consists of 100 turns with a resistance of 5 Q and is connected to
an external resistance of 5 . The current through it at any moment (t) is given by: (I = 20
sin (100 w t)). Which of the following graphs represents the relation between the magnetic
flux (¢,) passing through the coil and the time (t)?

O (MW) Om(mW) ¢“'+(mwm Om(mW)
T | |
' [ty 636 | . 7o
636 !'\ 6,3.(5I % B Vi 12.7 I/ ~
| SUS BT S s . p— v =t Pt -
i) s 10,15 20 ™ N " 25 375 10 t0u)
_easlixla -6.36 N\ -6.36 | ~ -12.712

| ! | |
® © ®

@ The average induced emf during a complete revolution of an AC dynamo equals +evevseass
@ (emf) g the instantaneous emf
@ (emf) max @ zero

@ When a coil rotates in a magnetic field starting from the zero position, the direction of the

resulting induced emf changes every ......sev. revolution.

@) 1/4 1/2 (© 3/4 ® 1

Q Which value of the emf generated in the dynamo coil during its rotation is NOT equal to zero?
@ the average emf during a complete revolution
the average emf during half a revolution from the position parallel to the magnetic field

@ the instantaneous emf when the plane of the coil is parallel to the direction of the

magnetic field

@ the instantaneous emf when the plane of the coil is perpendicular to the direction of the

magnetic field

@ A dynamo coil of 100 turns, each of area 200 cm?, rotates in a magnetic flux so that one
revolution takes 0.8 s, and the average induced emf during 1/4 of a revolution from the zero

position is 0.4 V. The magnetic flux density equals sevsvsvses

(A)0.01T (8) 0.04 T (©o0.16T (0)0.32 T

@ An AC dynamo gives a maximum emf of 100 V. The average emf during half a revolution

when the coil rotates from the perpendicular position equals sesereress

@sov () 70.7 V (© 63.6V (®) 100 v
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@ The effective emf generated by a dynamo is 50 volts. The average emf during 1/4 of a

revolution from the position parallel to the field is approximately +csvvseses VOIts.

(a) 141.42 70.7 (© 45 () 50

@ The opposite graph represents the change of the emf generated in the coil of an AC dynamo
during half a revolution. The ratio X/y equals +esevseans

X @i
. | BT
i 1 i
1] - et R a2 e A i e | t (ms)
| D 3 41056
Y
(x) 1/2 ~(2)/2 (©1/3 (@) (V(3))/3

@ The opposite graph represents the relation between the emf generated in the dynamo coil and
the time (t). In which time interval is an average emf generated in the coil equal to that
generated in the interval from O to 2 t?

emf
A

; o
' 4t
3 L
! |
it
i
|
i
i
Y
@ the interval from t to 3 t the interval from t to 2 t
@ the interval from O to 3 t @ the interval from O to 4 t
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@ The coil of an AC dynamo consists of 100 turns, each of area 0.05 m?, and rotates in a
magnetic field of flux density 0.1 T, generating a maximum induced emf of 157 V, so: (given:
T = 3.14)
(1) The angular velocity equals vveeeeeee

@ 157 rad/s 314 rad/s @471 rad/s @511 rad/s

@ The coil of an AC dynamo consists of 100 turns, each of area 0,05 m?, and rotates in a
magnetic field of flux density 0.1 T, generating a maximum induced emf of 157 V, so: (given:
T = 3.14)

(2) The frequency of the current generated in the coil equals veevvveee.

(a) 50 Hz (8) 75 Hz (©) 100 Hz (D) 120 Hz

@ The coil of an AC dynamo consists of 100 turns, each of area 0.05 m?, and rotates in a
magnetic field of flux density 0.1 T, generating a maximum induced emf of 157 V, so: (given:

(3) The average induced emf during a quarter of a revolution from the maximum position

equals vvsvvreene

A 25v () 50V ©75v (®) 100 V

@ The opposite graph shows the relation between the instantaneous induced emf in a dynamo

coil and the time (t), so:
(1) The maximum induced emf in the dynamo coil equals «eeeeveres

emf(V)
I ]

2043

g >t (ms)

A sov (8) 62.3V (©40v () 34.6 V
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@ The opposite graph shows the relation between the instantaneous induced emf in a dynamo
coil and the time (t), so:
(2) The instantaneous emf of the alternating current 4/3 ms after the moment of point x

equals sevevaans

emf(V)

4

2093| /i

g >t (ms)

\

(&) 29.96 v 207(3) V (©) 53.95V (@) 40v3) v

@ The opposite graph shows the relation between the instantaneous induced emf in a dynamo
coil and the time (t), so:
(3) The effective value of the alternating current, if the resistance of the dynamo circuit is 10

gz, e(]llalS Yerrrrre

emf(V)

4

2043 |

g >t (ms)

\

(&) 2.446 A 2.828 A (©) 4.404 A (D) 5.656 A

@ The coil of an AC dynamo takes a time t to rotate a quarter of a revolution from the position
where its plane is perpendicular to the direction of the magnetic field. The ratio between the
average induced emf during that time and the instantaneous emf at the end of that time is

XXX R R R RN

@) m/1 (m)/2 © 1/(m) (D) 2/(n)
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@ In an AC dynamo, when the coil rotates 1/6 of a revolution from the position parallel to the
magnetic field, the average induced emf in the coil is (emf),. When the coil rotates 1/6 of a
revolution from the position perpendicular to the field, the average induced emf in the coil is

Yrrrrrrnan

@ ((emf))/3 3 (emf), (©) V(3) (emf), D) ((emPo)/(N(3)

@ The coil of an AC dynamo rotates about an axis parallel to its length, and the induced emf
generated in it is given by emf = 240 sin (50 7 t), so:
(1) The effective emf equals vevvvveee

@ oov@) v 108V(2) v (© 120v2) v () 150v@2) v

@ The coil of an AC dynamo rotates about an axis parallel to its length, and the induced emf
generated in it is given by emf = 240 sin (50 m t), so:

(2) The periodic time of the rotation of the coil equals «eeeeerees

(A)0.02s 0.03 s (©) 0.04s () 0.06 s

@ The coil of an AC dynamo consists of 600 turns with a resistance of 5 Q and is connected to
an external resistance of 5 . The opposite graph represents the relation between the magnetic
flux (¢@p,) through the coil and the time (t) during a quarter of a revolution. The current in the

dynamo coil at any moment is given by the relation +eveesesss

0, (mWb)

» t(ms)
5
(A1 = 59.4sin (50w t) I=118.8sin (50 wt)
(©1 = 59.4sin (100 7w t) (®) 1 = 118.8sin (100 7 t)
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@ The coil of an AC dynamo is 40 cm long and 30 cm wide and has 300 turns. It rotates about

an axis parallel to its length and generates a current of frequency 50/11 hertz, and the
effective induced emf is 200V (2) volts:

(1) The magnetic flux density acting on the coil equals vevevvrees

(A)7/18 T 0.549 T (©) 0.274T () 7/36 T

@ The coil of an AC dynamo is 40 cm long and 30 cm wide and has 300 turns. It rotates about
an axis parallel to its length and generates a current of frequency 50/11 hertz, and the

effective induced emf is 200V (2) volts:

(2) If the speed of rotation of the dynamo coil changes so that the linear speed of its length is

3 m/s, the maximum induced emf becomes veseessees

(&) 140V 197.2'V (© 280V (0) 395.2V

° The coil of an AC dynamo consists of 200 turns, each with a cross-sectional area of 2 X 1 02

m?. It rotates in a magnetic field of 0.1 T and gives an emf whose effective value is 8§8.8 V, so:
(given: TT = 3.14)

(1) The maximum emf equals +vvevvvves

(a) 88.8V 125.6 V ©177v (D) 189.3 V

@ The coil of an AC dynamo consists of 200 turns, each with a cross-sectional area of 2 X 1072

m2. It rotates in a magnetic field of 0.1 T and gives an emf whose effective value is 88.8 V, so:
(given: TT = 3.14)

(2) The frequency of the current equals +vvvvvvees

(A) 50 Hz (8) 110 Hz (©) 150 Hz (D) 200 Hz

e The effective emf generated by an AC dynamo is 100 volts. The average emf during 1/2 a

revolution from the zero position is approximately vsesesesss vOIts.

(a) 141.42 (®) 70.7 (© 90 () 50
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@ Which of the following graphs represents the relation between the effective emf (emf) g

induced in the dynamo coil and the area of the coil (A)?

(emf), (emf), (emf) ¢ (emf) ¢

A A —_—— A

O] © ®

@ The opposite figure represents the change of the electric current generated by an AC dynamo

with time, SO veverereen
1(A)
!
20
10

0

¥
@ angular velocity: 280.4 rad/s, effective current: 20 A
angular velocity: 280.4 rad/s, effective current: 10V(2) A
@ angular velocity: 314.29 rad/s, effective current: 20 A

@ angular velocity: 314.29 rad/s, effective current: 10V(2) A

@ If the effective value of the current in a circuit (I.g) is 2.828 A, then:

(1) The maximum current (Ip,y) equals veveerenes

A2A (B)4A ©6a ()8 A

@ If the effective value of the current in a circuit (I.g) is 2.828 A, then:
(2) The instantaneous induced current when the angle (8) between the direction of the linear

velocity of the coil and the direction of the magnetic flux density is 30° equals veesevaess

AW2A () 4A ©6A (®) 8 A
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@ An alternating current has an effective value of 3.535 A and a frequency of 50 Hz, so:

(1) The instantaneous current when the coil makes an angle of 60° with the magnetic flux

equals sevevaenns

(A 2.5A (®)5A ©15A () 25A

@ An alternating current has an effective value of 3.535 A and a frequency of 50 Hz, so:

(2) The instantaneous current 1/200 of a second after the zero position equals vveveeeee

A)s5A (®)15A (©25A ()30 A

@ If the effective current in an AC circuit is 10 A, the instantaneous current:

(1) after the coil completes 1/4 of a revolution from the zero position equals +evvvvvves

™) 10/(V(2) A 10V(2) A ©E@y/ioa (®10A

@ If the effective current in an AC circuit is 10 A, the instantaneous current:

(2) after the coil completes 1/8 of a revolution from the zero position equals vevvvvvves

(A) 5v(2) A 10 A (©) 5V(6) A (@) 10v(2) A

@ An AC source with a maximum voltage of 200 V is connected to a resistance of 50 £, so:

(1) The maximum current equals veeerreees

A 4/(v2) A (®)3A (©4A @) 5A

@ An AC source with a maximum voltage of 200 V is connected to a resistance of 50 £, so:

(2) The effective current equals «eeeeerees

(A) 1.727 A 3.571 A (©)2.828 A (D) 4.656 A

@ The effective value of the alternating current generated by a dynamo can be increased by each
of the following EXCEPT +ivaanens

@ increasing the speed of rotation of its coil
increasing the number of turns of its coil

@ replacing the two metal rings by a metal cylinder split into two insulated halves

@ using a stronger magnet
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@ In an AC dynamo, if the time taken by the current to change from its maximum value (I,) to
half its maximum value (I,/2) is t,, the time needed:

(1) for the current to rise from zero to I,/2 for the first time is veerrerves

() t,/2 t,/3 (©3/2¢t, () t,/4

@ In an AC dynamo, if the time taken by the current to change from its maximum value (I,) to
half its maximum value (I,/2) is t,, the time needed:

(2) for the current to rise from zero to I,/2 for the second time is +vveevsves

(a) 3/21t, 4/3 t, (©5/3t, () 5/21t,

@ In an AC dynamo, if the time taken by the current to change from its maximum value (I,) to
half its maximum value (I,/2) is t,, the time needed:

(3) for the current to rise from zero to a value equal to its effective value for the first time is

XXX R RN

@ 1/2t, 1/3t, (©2/3¢, () 3/4 t,

.33 In an AC dynamo, if the time taken by the current to change from its maximum value (I,) to
half its maximum value (1,/2) is t,, the time needed:

(4) for the current to complete one cycle is vvvvvvees

() 4t, (®)6t, (© 8t, () 12t,

@ If the time taken by the alternating current from a dynamo to rise from zero to half its

maximum value is t, the time it takes to rise from zero to the maximum value iS «vevvnreee

OF: (®) 2t © 3t (D) 4t

@ An AC dynamo has a frequency of 25 Hz, and the maximum current through its external
circuit is I,» The time for the current to rise from zero to (V(3))/2 I, for the first time equals

XXX R RN

(&) 1/75s 1/120 s (©) 1/150's () 1/300 s
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e Starting from the position of the AC dynamo coil shown in the figure, during one and a half

revolutions of the coil the current I through the resistance R changes its direction «vsessvaes

Direction of rotation

@ twice three times @ four times @ five times

@ An AC generator rotates at 20 revolutions every 0.4 s and generates a current in its circuit

with a maximum value of 5 A, so: (given: 7T = 3.14)

(1) The number of times the current reaches 5 A during 1 s, starting from the zero position,

IS vevevenene

(&) 50 times 75 times (©) 100 times (D) 200 times

@ An AC generator rotates at 20 revolutions every 0.4 s and generates a current in its circuit
with a maximum value of 5 A, so: (given: TT = 3.14)
(2) The number of times the current becomes zero in one second, starting from the zero

position, iS vvesaesaes

(&) 100 times (B) 101 times (©) 102 times (D) 105 times

@ The coil of an AC dynamo rotates at a frequency of 100 Hz. Its rotation is followed starting
from the position parallel to the direction of the magnetic field. The number of times the

current reaches a value equal to its effective value during 1 s iS «vevaesees

(A) 200 times 201 times (©) 400 times (D) 401 times

@ The coil of an AC dynamo starts rotating at a uniform speed from the position parallel to the
field. If the direction of the current in the dynamo coil reverses (n) times during a time of (t)

seconds, the frequency of rotation of the dynamo coil equals vvvsvaass

(a) n/t 2n/t (© n/2t (®) (n+1)/2t
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@ A dynamo coil consists of 100 turns, the resistance of each turn is 0.01 &, and it rotates at a
frequency of 50 Hz. When its two ends are connected together, the electrical energy consumed

in it during one revolution is 2 J. The maximum induced emf in the coil equals vsvsvevess (given:
T = 3.14)

@) 7.07V () 14,14V (©21.21v (D) 28.28 V

@ An AC dynamo of negligible resistance has an instantaneous induced emf in its coil given by
emf = 200 sin (18000 t), so:

(1) The frequency of the current equals «eeervvves

(A) 200 Hz 150 Hz (©) 100 Hz (D) 50 Hz

@ An AC dynamo of negligible resistance has an instantaneous induced emf in its coil given by
emf = 200 sin (18000 t), so:

(2) The emf 5 ms after the position where the plane of the coil is perpendicular to the

magnetic field equals vevsesess

A sov (8) 100 V (© 150V (D) 200 V

@ An AC dynamo of negligible resistance has an instantaneous induced emf in its coil given by
emf = 200 sin (18000 t), so:

(3) The electrical energy consumed in a 20 Q2 resistance connected to the external circuit of

the dynamo during one cycle of the current equals «veveerens

@ 20] ®) 40] ©60] © s0]

@ An AC dynamo is connected to a resistance of 8 &, producing 200 J of heat energy in it
during 1 s. The maximum values of the current through the resistance and the p.d. across it

respectively are cvevevsess

(A) 5.072 A, 45.87 V 5.072 A, 56.58 V
(©) 7.072 A, 50.72 V (®) 7.072 A, 56.58 V
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@ The opposite graph represents both the potential difference and the current in the circuit of an
electric generator on the vertical axis, and the time on the horizontal axis. The electric power

generated equals seveereens

V.1
i

50 V| -2

10AL /£ 1T
0 - - — £ (S)

A s0w (B) 125 W (© 250w (D) 500 W

@ The ratio between the number of coils and the number of parts of the hollow metal cylinder in

a DC generator equals +eveerenes

(a) 172 1/1 (© 2/1 @) 4/1

@ If the frequency of an AC dynamo is 50 Hz, the frequency of the current rectified into a

unidirectional current produced by the dynamo equals vsevevaese

(a) 25 Hz 50 Hz (©) 100 Hz (D) 200 Hz

@ The opposite figure shows the structure of a DC dynamo. The component responsible for

rectifying the alternating current is «vevecsses

Coil

@ nlt Pils @

4)
@ component (1) component (2) @ component (3) @ component (4)
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@ The opposite figure shows the structure of a dynamo. If the side ab is moving out of the page

at this moment and the dynamo coil rotates one complete revolution, the brush .evevaess

¢ Coil b

@ F; acts as a positive terminal in both halves of the revolution
F, acts as a positive terminal in both halves of the revolution
@ F1 acts as a positive terminal in only one half of the revolution

@ F, acts as a positive terminal in only one half of the revolution

@ The opposite figure shows the structure of a DC dynamo and the direction of the current in its
circuit. Which of the following choices gives the type of the magnet poles A and B and the

direction of motion of the side xy of the coil?

Z Coil ¥
A B
FZ I:"1
W

@ A: N, B: §, direction of motion of side xy: out of the page
A: N, B: S, direction of motion of side xy: into the page
@ A: S, B: N, direction of motion of side xy: into the page
@ A: S, B: N, direction of motion of side xy: towards pole B
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@ A single-coil DC dynamo is designed so that the angle between the plane of the insulating

material in the split metal cylinder and the plane of the coil is vvaesrvaes

() 90° 60°

@ 0° @ changing as the coil rotates

@ The opposite graph represents the current generated by a certain dynamo, so:
(1) The metal cylinder is divided into «eeeeerees

1
k

} I
| |
i | !
i ! 1
] } ]
1 I I

> [

4 %) ) I4
@ two parts three parts @ four parts @ eight parts

@ The opposite graph represents the current generated by a certain dynamo, so:
(2) The insulating material between the halves of the split cylinder touches the two graphite

brushes at the moment veveseseee

1
k

-
e
P ——

> [
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@ The following graphs represent the relation between the current through a resistance and the
time in the opposite circuit.
Which of these graphs do you get if the source is:
(1) an AC dynamo whose coil started rotating from the position perpendicular to the

direction of the magnetic field?

—
—_—

N\ NN VOV

Figure (3) Figure (2) Figure (1)

£\ (Y LY (Y
r v @ v 8oy 5
i [ Vi v 4

t — S . [

Figure (5) Figure (4)

@ figure (1) figure (2) @ figure (3) @ figure (5)
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@ The following graphs represent the relation between the current through a resistance and the
time in the opposite circuit.
Which of these graphs do you get if the source is:
(2) an AC dynamo whose coil started rotating from the position parallel to the direction of

the magnetic field?

—
—
—

}/\\ N\ \ ,/ B 1 NN\

Figure (3) Figure (2) Figure (1)

S

Figure (5) Figure (4)

@ figure (1) figure (2) @ figure (3) @ figure (4)
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@ The following graphs represent the relation between the current through a resistance and the
time in the opposite circuit.
Which of these graphs do you get if the source is:
(3) a DC dynamo with one coil?

[‘ R
AR
I

~ . A A~ e
\_/ VN

Figure (3) Figure (2) Figure (1)

—
—

t N —

Figure (5) Figure (4)

@ figure (1) figure (2) @ figure (4) @ figure (5)
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@ The following graphs represent the relation between the current through a resistance and the
time in the opposite circuit.
Which of these graphs do you get if the source is:

(4) a DC dynamo with two perpendicular coils?

Source

e ) /N m
//ﬂ\\ s \\__; \\ L A t {

Figure (3) Figure (2) Figure (1)

t N —

Figure (5) Figure (4)

@ figure (1) figure (3) @ figure (4) @ figure (5)
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I Essay questions — 19 questions

’ In the opposite figure:
(1) How do you explain that the lamp lights up when the handle is turned?

(2) State two physical quantities of the electric current in the lamp filament that increase

when the handle is turned faster.

(3) What happens to the brightness of the lamp when the dynamo coil is turned in the

opposite direction with the same angular velocity? Why?

a The coil of an AC dynamo consists of 420 turns, each of area 3 X 1073 m?, and rotates in a
magnetic field of flux density 0.5 T. If the coil takes 1/200 s to go from the position where its

plane is perpendicular to the flux lines to the position where the maximum induced emf is

generated for the first time, calculate:
(1) the maximum induced emf.

(2) the time the coil takes for the emf to rise from zero to half the maximum value.
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e The opposite graph shows the relation between the induced emf in the dynamo coil and the
angle (9) between the normal to the plane of the coil and the direction of the magnetic flux.

Calculate the maximum induced emf.

emf (Volt)

10

i
!
i
|
|
|
|

—»-0 (degree
45 90 135 180 (degree)

° The coil of an AC dynamo has 100 turns. The induced emf in it rises from zero to a value
equal to its effective value for the first time after 0.01 s. If the maximum magnetic flux
through the coil is 0.02 Wb, calculate:

(1) the maximum emf (emf)pax.

(2) the effective emf (emf)g.

° If the instantaneous induced emf in the coil of an AC dynamo is given by: emf = 100w BA
sin(100gt t), calculate:
(1) the frequency of rotation of the dynamo coil.

(2) the number of turns of the dynamo coil.

6 Give a reason: although the average value of the alternating current through a conductor of

resistance R during a complete cycle is zero, the rate of electrical energy consumed is not zero.

0 Prove that the average induced emf in the coil of an AC dynamo while it rotates through an
angle of 60° from the zero position is given by: (emf)ays = 3/(2m)(emf) max

° Prove that: the average emf generated in a dynamo coil during 1/4 of a revolution = the

average emf generated during 1/2 a revolution, starting from the zero position.
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6 The opposite graph represents the relation between the magnetic flux (¢,,) through a
rectangular coil of negligible resistance, consisting of 150 turns and rotating with a constant
angular velocity (W) in a magnetic field, and the time (t). The ends of the coil are connected to

a 5 Q resistance. Calculate the average induced current through the coil during the interval
from 2.5 ms to 5 ms

¢_x107(Wb)
:

@ The opposite graph represents the change of the induced emf in the coil of an electric
generator with time:

(1) Which of the points shown in the figure represents the induced emf in the coil when it

passes the position perpendicular to the magnetic field?

(2) Calculate the time the coil takes for the induced emf to change from 45 V, represented by
point A, to 22.5 V for the first time.

emf(V)
A
4544
B
C > t(ms)
0.75
! D
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@ The opposite figure shows the structure of an AC dynamo whose coil starts rotating from the
position perpendicular to the magnetic field at a frequency of 10 Hz. Calculate the time needed
for the coil to reach, from this position, each of the following cases for the first time:

) The magnetic flux through the coil becomes zero.

1
2) The induced emf in the coil is maximum.

(3) The alternating current generated in the coil becomes zero.
(4) The average emf generated in the coil = zero.

5) The instantaneous emf generated in the coil equals its effective emf.

Direction of rotation

Magnet

E 5
&
=
E 3

X
S

Graphite
brushes

Q The opposite graph represents the (emf — t) relation for the coil of an AC dynamo. Show that
the average induced emf in the coil during the interval from O to t is greater than the average

induced emf in the coil during the interval from 0 to 3t

emf
A

0/_\ ' !
t ZWM
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@ The opposite graph represents the characteristic curve of the induced emf in the coil of an AC
dynamo. Find the average emf during each of the following time intervals:
(1) fromt =2 mstot=6ms
(2) from t = 3 ms to t = 4 ms

emf(V)
100}~

Q Write the mathematical relation expressed by each graph, and what the slope of the straight

line equals, for each of the following:

3 (2) (1)
(emf)yay (V) L (emf)pax(V) (emf)qax (V)
N f(Hz) w(rad/s)
(6) (5) (4)
(emf) o (V) Lo (A) emf (V)
(emf) (V) Lpan(A) sin6

where: (emfimax = maximum induced emf, w = angular velocity, f = frequency, N = number of turns of the coil,
emf = instantaneous induced emf, 8 = angle between the normal to the plane of the coil and the field,
leff = effective current, Imax = maximum cument, (emfleff = effective emf

@ What happens, with explanation, to the maximum and effective emf generated in the coil when
the number of turns of the dynamo coil is doubled and the number of revolutions of the coil

per second is also doubled?
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@ The opposite figure represents an AC dynamo rotating at a uniform rate. If the switch K is
closed and the coil keeps rotating at the same frequency, what happens, with explanation, to:
(1) the maximum induced emf in the coil?

(2) the maximum current through the coil?

@ Explain why an electric lamp is brighter when connected to the terminals of a 12 V battery of
negligible internal resistance than when connected to the terminals of a dynamo whose

maximum voltage is 12 V, neglecting its internal resistance.

@ What is the type of the induced current in the dynamo coil and of the current in its external
circuit when its ends are connected to a metal cylinder split into two halves insulated from

each other?

@ The opposite graph represents the relation between the current (I) in the external circuit of a
dynamo and the time (t):
(1) How many coils does this dynamo have?

(2) How is this dynamo modified to get a current of almost constant magnitude?

I
'}

— = [— — ——
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I Past exam questions — 36 questions

’ The figure shows four coils that differ in area and number of turns, all rotating about an axis
perpendicular to a magnetic field (B) with the same angular velocity. The order of the coils in

ascending order of the maximum induced emf in each coil is vvveeeeess (Trial exam / May 2021)

B,
=9 1L
—12ZA 4A A A
e I i I
N=10 N=10 N=30 N=10
(a) (b) (c) (d)
@ b then c then a then d d then a then c then b
@ ¢ then b then a then d @ a then d then b then ¢

Q An AC dynamo has a coil of 100 turns with a cross-sectional area of 250 cm?. It rotates in a
magnetic flux of density 200 mT starting from the position perpendicular to the flux, so that
the voltage reaches its maximum value 100 times per second. The effective value of the

generated voltage equals vvvveeeees (Trial exam / May 2021)

(A) 157.1v (®) 1111V (© 2222V (D) 3143V

e Each graph represents a number of oscillations of an alternating voltage from a different
dynamo (x) and (y) during the same time interval (t). Given that the coils of dynamo (x) and
dynamo (y) have the same cross-sectional area and each rotates in a magnetic field of the same

strength, the ratio Ny/Ny = vveeeeeees (Trial exam / May 2021)

v By
i

zvo/\ /\ ) VO T TETY
-2V \/ Ut “Vod \VRVAVAVL

|

Voltage from dynamo (x) Voltage from dynamo (y)

() 1/6 1/8 (©1/4 @) 1/2
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0 The coil of an AC generator consists of 12 turns, each with a cross-sectional area of 0.08 m2,
and the total resistance of the coil wire is 22 Q. The coil rotates in a uniform magnetic field of
flux density 0.6 T, producing a current of frequency 50 Hz. The maximum current from the

dynamo when it is connected to a negligible external resistance equals vesvsveses (Trial exam /

May 2021)

(A)8.23 A () 11.8 A (©) 18.5A (D) 23.4 A

° A simple electric generator is connected to a lamp of power 60 W and resistance 30 Q. The
maximum current through the lamp for it to work at that power equals «vevsvsese (Trial exam /
June 2021)

@2aA (®B)y2 A ©1A () 0.5 A

e The opposite graph represents the relation between the induced emf in a dynamo coil and the
time (t) during half a revolution. The average emf generated in the dynamo coil during the

interval from t = 0 to t = 1/75 § is ssssssvess volts. (70 = 3.14) (Trial exam / June 2021)

— - t(S)
0.01 002 003 004

) 47.77 63.69 (©) 21.23 (D) 86.603

a A simple dynamo has a coil face area of 0.02 m?. It starts rotating from the position
perpendicular to a magnetic field of flux density 0.1 T at 50 revolutions per second. If its coil

has 100 turns, the average induced emf during half a revolution equals +vsvsvsese (1st session
2021 )

@20V ®) 10V (©40v @30V
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° The opposite graph represents the change of the induced emf in a dynamo with the angle (6)
between the normal to the plane of the coil and the direction of the magnetic flux. The average
induced emf in the dynamo coil during 1/3 of a revolution from the start of the rotation

equals «evveeenns (Ist session 2021)

emf (V)
A

10}

0 a5 90 155 iso D \degree)

(a) 6.369V 9.006 V (©) 3.002V () 10.1V

° In a simple electric generator, the instantaneous induced emf reaches half its maximum value
for the second time 1/60 s after it starts rotating from the position perpendicular to the
magnetic field. The frequency of the produced current equals +evevevees (2nd session 2021,

Sample exam 2025)

(A) 5 Hz (8) 50 Hz (©) 25 Hz (D) 15 Hz

@ The opposite graph shows the relation between the induced emf in the dynamo and the time
(t). The average induced emf in the dynamo coil during the interval fromt=0tot = 1/30 s
equals veevvveens (T = 3.14) (2nd session 2021)

emf (V)
A

200 f\
0 t(s
0.02\/0.04" &

(A) 1274V (B) 42.5V (©173.2V () 19.1V
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@ The opposite graph shows the change with time of the magnetic flux through a rectangular

coil. The instantaneous induced emf is zero at the times vvvseeesss (2nd session 2021)

¢, (Wb)
A

; / N\ —1(5)
4 tz\%/tat
Y

@tl,ty, t2,t4 @tl,tz @tl,t4

@ The coil of an AC dynamo consists of 200 turns with a cross-sectional area of 0.01 m?. It
rotates in a uniform magnetic field of flux density 0.3 T, producing a maximum emf of

376.99 volts. Its angular velocity = «eeeeeeee rad/s (70 = 3.14) (1st session 2022)

(a) 100m 507 (©) 1501 (0) 200m

e A student tried to represent the current generated in the dynamo coil shown in the figure by
drawing two different curves x and y. Using the correct curve for the current generated in the
dynamo coil, if the total resistance of the circuit is 10 £, the average emf during half a

revolution from the zero position equals «vvvvvvves (70 = 3.14) (1st session 2022)

1(A)

Graphite -2 [

Iy brushes [ ! i

TVEY s reny
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@ A coil is placed perpendicular to the direction of a uniform magnetic field. The ratio between
the average induced emf in the coil when it is rotated 1/4 of a revolution in a time (t) and the
average induced emf when it is rotated 1/2 a revolution in the same time (t) = «vevvvevse (2nd
session 2022)

@) 0.5 ®) 1 (©0.25 (®) 0.75

@ A dynamo coil starts rotating from the perpendicular position at a frequency of 50 Hz and
gives a maximum induced emf of 100 V. The time needed for the induced emf to reach 50 V

for the second time from the start of rotation equals «.¢eeeevee (2nd session 2022)

() 1/600 s 1/400 s (©)1/120's () 1/200 s

@ A dynamo coil of area 0.1 m? with 200 turns rotates at a frequency of 50 Hz between the
poles of a magnet of flux density 20 mT, starting from the perpendicular position as shown in
the figure. Which graph correctly shows the instantaneous emf values generated in the dynamo

coil as it rotates from the position shown during the interval from 0 ms to 5 ms? (2nd session
2022)

emf(V) emf(V)
1257

emf(V)

83.9 88.9

t(ms) 3 t(ms)
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G The opposite graph shows the relation between the induced emf in a dynamo coil and the time
of rotation of the coil (t). The effective value of the induced emf equals +vsvsesess (Trial exam

2023)
emf (V)

00l o004 t®

Aev () 6y2V ©12v () 1242V

@ An AC dynamo has a coil of area 0.02 m? with 300 turns. It rotates at 1400 revolutions per
minute in a magnetic field of flux density 0.01 T. The instantaneous emf generated in the coil
when the plane of the coil makes an angle of 60° with the magnetic field lines equals +vsvevsess

(Trial exam 202 3)

() 8.8V (B) 4.4V (©7.62V (D) 2.2V

@ The coil of an AC dynamo consists of 200 turns, each of area 0.02 m?. It rotates at 6000
revolutions per minute in a magnetic flux of density 0.02 T. The effective induced emf equals

Yerrrrrrn (given: T[ = 3.14) (1St SeSSiOI’I 2023)

(a) 35.53 V (8)25.12V (©17.76 v () 12.56 V

@ The opposite graph represents the change with time (t) of the magnetic flux (¢.,) cutting a
coil. Given that the coil has 200 turns, the average induced emf in the coil during the time

interval shown in the figure is vvveeeeees (Ist session 2023)

¢, (mWb)
A
30 f-=~

10+

»1(8)

0.2
@ov () 60V ©30vV () 45V
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6 The opposite graph shows the change with time (t) of the magnetic flux (¢,,) through a
dynamo coil of 200 turns. The instantaneous emf generated in the coil 0.1 ms after the zero

position of the coil equals +vvvvvvees (given: 7T = 3.14) (1st session 2023)
O (LWD)

.|

» 1 (mSs)

2
(4) 0.0025 V 0.25V (©0.025V (D) 0.00025 V

Q An AC dynamo gives a current of frequency 50 Hz. The time for the current to rise from zero

to a value equal to its effective value for the first time equals vvvveeeeee (2nd session 2023)

(A) 0.5 ms 1.5 ms (©) 2.5 ms (©) 0.25 ms

e The graph represents the change with time (t) of the magnetic flux (¢,,) through a dynamo
coil of 200 turns. The average emf generated during the quarter revolution shown = v.veveaes

(2nd session 2023)

Oy (MWD)

A
33

-t (MS)

(A) 155.56 V (®) 220V (© 140V @ 110V
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@ The graph shows the change with time (t) of the magnetic flux (¢,,) through a dynamo coil

during its rotation. The instantaneous emf generated in the coil is vvvvvvvees (1st session 2024)

Op(Wh)
A

-t (8)

v

@ zero at the two moments B, D maximum at the two moments D, C

@ zero at the two moments A, C @ maximum at the two moments B, C

@ The opposite graph represents the relation between the induced emf in an AC generator whose

circuit resistance is 500 & and the time (t). The effective current in the generator circuit was

(I). Which of the following circuits carries a current (I)? (1st session 2024)
emf(V)

5012 /\
t(s)

R=100Q R=10Q
5V 10V
| |
I |+
1'=0 r=0

00Q

I
b

R=200Q R
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@ The opposite graph shows the relation between the magnetic flux (¢,,) through a dynamo coil
and the angle of rotation (9) from the position parallel to the magnetic flux lines. Given that
the dynamo coil has 50 turns and rotates at a frequency of 50 Hz, the maximum induced emf

in the dynamo coil equals vveevveees (70 = 3.14) (2nd session 2024)

¢, (mWD)
A

1044 -

& 0 (degree)

o i

3
(&) 2222V 314V (©) 307.8V (®) 200V

e The current in the coil of a DC dynamo «..evvvvvs (Sample exam 2025)

@ changes its direction every revolution
changes its direction every half revolution
@ changes its direction every quarter revolution

@ is always in the same direction
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@ The current generated by the device shown in the opposite figure and flowing in the resistance
(R) is represented by the graph «....vvvvs (Sample exam 2025)

Direction of rotation

I
EEMIHIRACY 1 N KU S

@ The instantaneous induced emf of an AC dynamo is given by V = 200 sin (18000 t). If its coil
starts rotating from the perpendicular position, the time taken to reach (- 100 V) for the first

time is «eeesrsves (Sample exam 2025)

(A) 1/600 s 5/600 s (©) 1/100 s () 7/600 s
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@ The graph shows the change of the induced emf (€) with time (t) in the coil of an AC dynamo
of negligible ohmic resistance when the coil rotates with a uniform angular velocity (w). If the

angular velocity of the dynamo coil is increased to (2(), then vvevvevvss (Ist session 2025)

E(V)

a

Y

]
@ periodic time 40 ms , effective voltage 60 V
periodic time 40 ms , effective voltage 15 V
@ periodic time 10 ms , effective voltage 60 V
@ periodic time 10 ms , effective voltage 15 V

° An AC dynamo has a coil of 100 turns, and the graph represents the relation between the
induced emf in the dynamo coil (€) and the time (t) during half a revolution. What is the
magnetic flux through the cross-section of the coil when it reaches the moment (x)? (take: TT =

3.14) (an session 2025)

(V)
A

200 p--=-

|
|
|
|
|
|
I
[
t

t (ms)

|

|

i

|

|

[
0 5 10 15 20
(A) 0 Wb ®)25x102wb (©9x103wWb (D) 1.8 x 102 Wb
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@ The opposite figure shows a circular coil of one turn in the plane of the page, with half of the
coil inside a uniform magnetic field directed out of the page. When the coil rotates at a
constant speed from the perpendicular position about the axis (X), which of the following
graphs correctly represents the change of the induced current (I) in the coil with time (t)?

(Sample exam 2026)

Uniform magnetic field

Sombint e A=l

I 1 1 I
Ukw%it OWI OFQQLI u%ﬁm;.
O, ©
@ The opposite graph shows the change of the instantaneous induced emf (€) in the coil of an

AC dynamo during a complete revolution. In which time interval is the average induced emf

during the rotation of the dynamo coil equal to its value during the interval (op)? (Sample

exam 2026)
£
4
I
' t
0 P q m n
i
I
Y
@ during the interval (pm) during the interval (om)
@ during the interval (on) @ during the interval (qn)
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@ The opposite graph shows the relation between the instantaneous induced emf in the coil of an
AC dynamo and the time (t) during one revolution. The ratio between the average emf during
the interval from 2t to 7t and the average emf during the interval from 5t to 10t equals

vevseeeees (Sample exam 2026)
emf (V)

() 2/5 2/3 (© 1/1 ®) 1/5

@ The opposite graph shows the relation between the instantaneous induced emf in the coil of an
AC dynamo and the time (t). The average induced emf in the coil during the interval from (t;)

to (tp) equals vvvveeeere (Sample exam 2026)

— t(5)

|
|
!
[
o)
(a) 82.7V () 87V (©90vVv () 95.5V

@ In an experiment to make a simple electric generator, a wire of length (£) was wound into a
square coil of one turn, and the coil was rotated with an angular velocity () between the
poles of a magnet; the maximum induced emf in the coil was (V). If the coil is replaced by
another made by winding a wire of length (28) into a square coil of one turn too, and it is
rotated with the same angular velocity (w) between the poles of the same magnet, calculate

the maximum induced emf in the coil in terms of (V). (Sample exam 2026)
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Answer key and solutions

I Multiple choice questions

1 2 3 4 5 6 7 8 9 10
C B C B B C B B B D
11 12 13 14 15 16 17 18 19 20
B A A D D C D B D B
21 22 23 24 25 26 27 28 29 30
B A A B A C B D D B
31 32 33 34 35 36 37 38 39 40
B C A B A C A C C D
41 42 43 44 45 46 47 48 49 50
C B D C D C A B B D
51 52 53 54 55 56 57 58 59 60
B C B C C D B B A D
61 62 63 64 65 66 67 68 69 70
C B B D D C C C A C
71 72 73 74 75 76 77 78 79 80
B A C B D B A A A B
81 82 83 84 85 86 87 88 89 90
B C C C A D D B C C
91 92 93 94 95 96 97 98 99 100
B C B C C B D D A D
101 102 103 104 105 106 107 108 109 110
C A C C B B A A C C
111 112 113

B A D

‘ Answer (C)

The direction of the induced current in the dynamo coil is found by Fleming's right-hand rule.

Q Answer (B)

The rate at which the coil cuts the flux lines is maximum when its plane is parallel to them (6 =

90°)
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e Answer (C)

When the plane of the coil is perpendicular to the field, the coil does not cut the flux lines (6 =
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0), so the rate of cutting is zero.

0 Answer (B)

In the parallel position no flux passes through the coil, so ¢, = 0, and its rate of change is

maximum, so the emf is maximum.

° Answer (B)

emf = NBAwsinO is maximum when sin@ = 1, that is when the plane of the coil is parallel to the
field.

6 Answer (C)

The coil starts from the position parallel to the field, so the emf starts from its maximum value and

then decreases: emf = emf,,xCOsSw t

G Answer (B)

T = 2n)/(w)

° Answer (B)

f=(w)/(2n) = 377.2/(2x3.14) = 60 Hz

@ Answer (D)

emfiax * 0 = wy = 281 xX480/120 = 1124 rad/s

@ Answer (B)

emfonax * f= 150/100 = (f + 25)/f = f = 50 Hz

Q Answer (A)

emf.x = NBAw does not depend on the angle of rotation, so the relation is a constant horizontal

line.

e Answer (A)

emf.x = NBAw does not depend on the resistance of the coil, so the relation is a constant

horizontal line.
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@ Answer (D)

From the graph, emf,.x = 150V at N = 30
A = (emfya)/(NBw) = 150/(30%0.4x100) = 0.125 m?

@ Answer (D)

emf.x = NBAw with N and B constant, so A = (emf,.x)/(NBw)

Coil k has the greatest emf and the slowest rotation (the longest half-revolution time), so the
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greatest area; coil x is the opposite.

@ Answer (C)

B = (emfina)/(NAw) = 628/(400%0.5x10mw) = 0.1 T

The direction of the current is found by Fleming's right-hand rule.

G Answer (D)

In the relation emf = NBAwsin®, the angle 0 is between the field and the normal to the plane of
the coil, not between the field and the plane of the coil.

@ Answer (B)

0 between the field and the normal to the coil = 90°- 60° = 30°

emf = emf,,xSin30° = 1/2 emf .«

@ Answer (D)

O between the field and the normal to the coil = 90°- 45°= 45°
emf = emf.xSin45° = (emfy.)/(sqrt2) = emf , that is its effective value.

@ Answer (B)

In the perpendicular position emf = 0, then 0 = frac360°12 = 30°
emf = 200sin30°= 100 V

e Answer (B)

emf = emf.xsin@ = 200sin30°= 100 V

@ Answer (A)

06 = 90°- 60°= 30°
emf = 200sin30°= 100 V
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@ Answer (A)

When the plane of the coil is perpendicular to the field, the coil does not cut the flux lines (6 =
0), so emf = 0

@ Answer (B)

w=2nf=2x22/7x30 = 188.57 rad/s
emfax = NBAw = 200X 0.1X0.06%188.57 = 226.29 V

e Answer (A)

0 = 90°- 60° = 30°
emf = emfoysin30°= 226.29%0.5 = 113.15V

@ Answer (C)

T = 1/30 s, so a quarter of a revolution is At = 1/120 s and Ap,, = BA
emfayg = NBA/(At) = 200%x0.1x0.06%x120 = 144V

e Answer (B)

Half a revolution: At = 1/60 s and A@,, = 2BA
emfavg = 200X (2%x0.1x0.06)/(1/60) = 144V

@ Answer (D)

In a complete revolution the flux returns to its initial value, A@,, = 0, so emfan =0

@ Answer (D)

w=2nf=2x22/7x1000/60 = 104.76 rad/s
After a quarter of a revolution from the perpendicular position, its plane is parallel to the field, so

emf = emf.x = NBAw = 420X 0.4%x0.005%x104.76 = 88 V

@ Answer (B)

emf = emf,xSin150°= 88X 0.5 = 44V

° Answer (B)

w=2nf=2nxX60 = 120w rad/sand 0 = w t = (120m)/720 = (n)/6 = 30°
emf = NBAwsind = 70X 0.5X4x 102X 120X 3.14 X sin30°~ 264 V

e Answer (C)

® = 1007w and emf,,x = NBAw = 12.5
B = 12.5/(600x25x10*x100%) = 2.7x102T

thanawiya-archive.com
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@ Answer (A)

eMfmax = N Qax @ = Qax = (1007)/(100X 100m) = 1072 Wb

@ Answer (B)

emf = NBAwsinO, so the relation with sin® is a straight line through the origin.

@ Answer (A)

The plane of the coil is inclined at 60° to the field, so the angle with the normal is 30°; the emf
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starts from 0.5 emf .y, positive, and increases to the maximum value.

@ Answer (C)

emf.x = NBAw = (21t NBA)/T, so it is inversely proportional to T (a hyperbola-like curve)

Coil y has 2N, so its curve is above the curve of x

@ Answer (A)

The curve starts at @ = 30° and ends at 180°, that is 150° in 7 ms
T = 7%x360/150 = 16.8 msand f = 1/T = 59.5 Hz

@ Answer (C)

From the graph emf,,x = 30 Vand T = 20 ms, so @ = (21)/0.02 = 314 rad/s
B = (emfya)/(NAw) = 30/(200%X0.125%314) = 3.8x103 T

e Answer (C)

6 = 90°- 60°= 30°
emf = 30sin30°= 15V

@ Answer (D)

The coil becomes perpendicular to the field after rotating 60°+ 90°= 150°
t = 150/360 T = 150/(360x120) = 3.47 ms

° Answer (C)

emfax = 2NBLy, where L is the length of the side parallel to the axis (the width has no effect)
((emf))/((emf)y) = (10x20)/(20x 1) = 1/1

@ Answer (B)

emf.x = 2NBLv, so the slope of the line = 2NBL = 80/10 = 8
B =8/(2x200%x0.1) = 02T
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@ Answer (D)

emf.x = 2NBLv, and coil y has a length 24, so its emf .y is twice that of x
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Its radius w/2 is half, so T = (27 r)/v is half, that is y is higher and narrower.

@ Answer (C)

emf.x = NBAw®, so doubling the frequency doubles emf,.x to 4 V

and the periodic time is halved from 4 ms to 2 ms.

@ Answer (D)

T =18 ms,sow = (21)/0.018 = 349 rad/s and O = 349X 0.012 = 4.19 rad = 240°
I = 20sin240°= -17.3 Aandemf = IR = -17.3x16.5 = -286 V

@ Answer (C)

Att = 10 ms, ¢, = 0 and its rate of change is maximum

emf = N Qpax @ = 70X0.02X (21)/0.02 = 440V

0 Answer (A)

Pmax = Jrac0.035cos45° = 0.035sqrt2 = 0.049 Wb
After a quarter of a revolution @, = 0 and emf = emfax = N Qax 270 f =
8X0.049 X2 x50 = 123.2V

@ Answer (B)

Om = PmaxC0s0O, so emf = -N (A@p)/(At) = emf,.xSino: it starts from zero, increases, and

completes one cycle.

@ Answer (B)

eMfiax = Imax (R + 1) = 20X10 = 200V and @ = 100w
Pmax = (eMfa)/(Nw) = 200/(100 %X 100m) = 6.36 mWb, the periodic time T = (2m)/(w)

= 20 ms, and the flux starts from its maximum value (the emf starts from zero).

@ Answer (D)

During a complete revolution A@,, = 0, so the average emf is zero.

e Answer (B)

The direction of the emf changes every half revolution.
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@ Answer (C)

The average emf during half a revolution from the parallel position: A@,, = 0, so it is zero; but
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the instantaneous emf in the parallel position is maximum.

@ Answer (B)

T = 0.8 s, so a quarter of a revolutionis At = 0.2 s

emfyg = NBA/(A D) = 0.4 = (100X Bx0.02)/0.2=B = 0.04 T

@ Answer (C)

emfayg = N 2BA/(T/2) = (4 NBA)/T and emfy,ox = (2t NBA)/T
eMfayg = 2/(T) eMfimax = (2X7)/22X100 = 63.6 V

@ Answer (C)

emf.x = 50sqrt2 = 70.7 V
A quarter of a revolution from the parallel position: emf,y, = 2/(50) emfy,x = 2/(5) X 70.7 =
45V

@ Answer (D)

Half a revolution is 6 ms, so @ t = 180°timest/6: at 1 ms the angle is 30° and at 2 ms it is 60°
x/y = fracsin30°sin60° = (1/2)/(sqrt3/2) = (sqrt3)/3

@ Answer (B)

eMfayg = -N (A@y)/(A 1), and in the interval 0 — 2t: APy, = 2@,y S0 the average =
(Npma)/t

In the interval t — 2t: A@,, = @nax in a time t, so the average is the same.

@ Answer (B)

w = (emfya.)/NBA = 157/(100%X 0.1 X 0.05) = 314 rad/s

@ Answer (A)

f=(w)/2n) = 314/(2%x3.14) = 50 Hz

@ Answer (D)

A quarter of a revolution from the maximum position: emf,,, = 2/(50) emfy., = 2/3.14 X157
= 100V

60/74



The Electric Generator

@ Answer (C)

Half the periodic time is 4 ms, so @ = 180° X (4/3)/4 = 60°
emf.x = frac20sqrt3sin60° = 40 V

@ Answer (B)

After another 4/3 ms, 0 = 120°
emf = 40sin120° = 20sqrt3 = 34.6 V

@ Answer (B)

emf.,s = 40/(sqrt2) = 28.28 V
Lns = (emf,nd)/R = 28.28/10 = 2.828 A

@ Answer (D)

During the quarter revolution emf,,, = 2/(3) emfy,y, and at its end emf = emf
(emfavg)/emf = 2/(n)

@ Answer (D)

From the parallel position: (emf)y = N fracBAsin60°T/6
From the perpendicular position: emf = N (BA(1-c0s60°))/(T/6) = N (BA/2)/(T/6), and the
ratio is (1/2)/(sqrt3/2) = 1/(sqrt3), so it is ((emf)q)/(sqrt3)

@ Answer (C)

emf.x = 240V
emf.,s = 240/(sqrt2) = 120sqrt2 V

@ Answer (C)

w = 50m,s0T = C2m)/(w) = 2n)/(50m) = 0.04 s

@ Answer (C)

A quarter of a revolution is 5 ms, so T = 20 ms and @ = 100t rad/s
Atlms, wt = 18 and @, = QpaxC0s18°= 3 mWb, so Qpax = 3.154 mWb
Lnax = (N @rax @)/ (Riota) = (600X 3.154 X 103x100m)/10 = 59.4 A

@ Answer (A)

eMf ey = 200sqrt2 X sqrt2 = 400V and @ = 2n f = 2x22/7X50/11 = 200/7 rad/s
B = (emfaay)/(NAw) = 400/(300% (0.4%0.3) x200/7) = 7/18 T

thanawiya-archive.com
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@ Answer (C)

emfax = 2NBLy = 2X 300X 7/18%X0.4x3 = 280V (the side parallel to the axis is 0.4 m
long)

@ Answer (B)

emf.x = sqrt2 emfo.g = 1.414x88.8 = 125.6 V

@ Answer (A)

@ = (emf.)/NBA = 125.6/(200% 0.1 x2%1072) = 314 rad/s
f=(w)/@2n) = 314/(2x3.14) = 50 Hz

6 Answer (C)

emf.x = 100sqrt2 = 141.42V
Half a revolution from the zero position: emf,y, = 2/() emfy, = 2/(7) X 141.42 = 90V

@ Answer (B)

emf.qg = (NBAw)/(sqrt2), so it is directly proportional to A (a straight line through the origin)

@ Answer (D)

T=20ms,sow = 2n)/T = (2x22/7)/0.02 = 314.29 rad/s
Lhax = 20 A, so I.g = 20/(sqrt2) = 10sqrt2 A

@ Answer (B)

Lpax = Sqrt2 Lg = 1.414%2.828 = 4 A

@ Answer (A)

I = I,,xsin6 = 4sin30°= 2 A

@ Answer (A)

[hax = Sqrt2x3.535 = 5 A
The coil makes 60° with the flux, so the angle with the normal is 30°: I = 5sin30°= 2.5 A

@ Answer (A)

Lyax = SQrt2x3.535 = 5Aand T = 1/50 = 0.02 s

1/200 s = T/4, so the current is at its maximum value, 5 A

thanawiya-archive.com
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@ Answer (B)

Lhax = 10sqrt2 A, and after a quarter of a revolution from zero the current reaches its maximum
value 10sqrt2 A

@ Answer (B)

1/8 of a revolution means O = 45°

I = 10sqrt2sin45°= 10 A

@ Answer (C)

Imax = (Vimax)/R = 200/50 = 4 A

@ Answer (C)

Lg = (Inay)/(sqrt2) = 4/(sqrt2) = 2.828 A

@ Answer (C)

Replacing the two rings by a split cylinder (commutator) changes the current into a unidirectional
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current and does not increase the effective value, while increasing the speed, the turns or the field

increases emf,.x = NBAw

@ Answer (A)

From O to I/2: sin@ = 1/2,s0 0 = 30°
From the maximum to half of it is 60°, which takes t;, so the time of 30° = ty/2

@ Answer (D)

The second time is at O = 150°, that is 2.5 X 60°
t=5/2¢

@ Answer (D)

The effective value I/ (sqrt2) is reached at @ = 45°
t=45/60t, = 3/4 t

Answer (B)

60°— t, so a complete cycle of 360° needs 6t

@ Answer (C)

From zero to half the maximum, @ = 30° takes t; to the maximum, @ = 90°, so it takes 3t
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@ Answer (C)

I = (sqrt3)/2Ip =0 = 60°= T/6and T = 1/25 s
t=1/(6x25) = 1/150 s

e Answer (B)

The coil in the figure is parallel to the field, so the current reverses when the coil passes the

perpendicular position after 1/4, then 3/4, then 5/4 of a revolution

That is three times during one and a half revolutions.

@ Answer (C)

f=20/0.4 = 50 Hz
The current reaches 5 A (the maximum value) twice in each cycle (positive and negative): 2 X 50

= 100 times

e Answer (B)

The current is zero every half cycle, and in 1 s there are 50 cycles, that is 100 half cycles
Counting the starting moment: 100 + 1 = 101 times

@ Answer (C)

The effective value (Ip,4)/(sqrt2) occurs 4 times in each cycle (at 45°, 135°, 225° and 31 5°)
4x 100 = 400 times

e Answer (C)

The current reverses twice in each cycle, that isn = 2ft

f=n/2t

@ Answer (B)

R =100x0.01 =1Qand T = 1/50 = 0.02 s
E=I14#ZRT=>1I14 = 2/(1x0.02) = 100=>I.5= 10 A
emfi.x = sqrt2 I.gR = 1.414X10 = 14.14V

@ Answer (D)

@ tis in degrees: @ = 18000°/s
f = 18000/360 = 50 Hz

@ Answer (D)

6 = 18000x5%x 1073 = 90°
emf = 200sin90° = 200 V
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@ Answer (A)

Vg = 200/(sqrt2) and T = 1/50 = 0.02 s
E = (V.g£2)/R T = 20000/20 % 0.02 = 20 ]

@ Answer (D)

P =I1R>=>Ig=V(200/8) =5A
Ipax = SqQrt2X5 = 7.072 A and V. = IxR = 7.072%X8 = 56.58 V

@ Answer (C)

Pog = Ve Lt = (Vinax)/(5qrt2) X (Ima)/(sqrt2) = (50x10)/2 = 250 W

@ Answer (A)

Each coil has two insulated halves of the cylinder (commutator), so the number of parts is twice

the number of coils: 1/2

@ Answer (C)

The commutator reverses the current every half cycle, so it becomes unidirectional and its
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frequency becomes 2f = 100 Hz (two pulses in each cycle)

@ Answer (C)

The split metal cylinder (commutator) (3) is what makes the current unidirectional.

@ Answer (B)

Side ab moves out of the page and the field is from N to S, so the right-hand rule gives a current
in side ab from a to b
So the current leaves from end d to brush F,, which is the positive one, and the commutator

reverses the connection every half revolution, so F, stays positive in both halves of the revolution.

@ Answer (B)

The current in the resistance is from F; to F, so the coil current leaves from end X, that is it flows
in side xy from y to x (downwards)
The field is from A to B, so to generate a downward current by the right-hand rule, the side moves

into the page and the polesare A = Nand B = S

@ Answer (A)

The insulating gap between the two halves of the cylinder is perpendicular to the plane of the coil,

so the angle between them is 90°
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@ Answer (A)

The current reaches zero twice per cycle and returns in one direction only, which needs a cylinder
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of only two parts (one coil).

@ Answer (C)

The insulating material touches the two brushes at the moment the current is zero, that is at t3

@ Answer (C)

The alternating current from the position perpendicular to the field starts from zero (sin): figure

(3)

@ Answer (B)

The alternating current from the position parallel to the field starts from its maximum value (cos):

figure (2)

@ Answer (A)

A DC dynamo with one coil gives a pulsating current that reaches zero every half cycle: figure (1)

@ Answer (D)

The two perpendicular coils give two currents, one lagging by 90°, and the resulting current is the
upper envelope of the two curves, so it does not reach zero and ripples between I ;,,x and 0. 71«

figure (5)

I Essay questions

a Model answer

(1) When the handle is turned, the coil rotates between the magnet poles, so the magnetic flux
cutting the coil changes and an induced emf is generated between its ends. This causes an
alternating induced current to flow in the lamp filament, so it lights up.

(2) When the handle is turned faster, these increase: the effective and maximum values of the
current, and the frequency of the current.

(3) The brightness stays the same, because it does not depend on the direction of the current.
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a Model answer

(1)0 = 2nft:90 = 2 x 180 x f x 1/200, f = 50 Hz
(emf)max = NAB X 2 f = 420 X 3 X 103 X 0.5 X 2 X 22/7 X 50 = 198 V
(2) emf = (emf) axSinO = ((emf)nay)/2,sin60 = 1/2,0 = 30°
30=2x 180 X 50t,t = 1/600s

e Model answer

emf = (emf).xsin0 , 10 = (emf).,Sin 45°
(emf) pax = 10V(2) V

° Model answer

(1) ((emflmax)/(N(2)) = (emf) maxsin(2 X 180 f X 0.01) ,f = 12.5 Hz
€M) max = N @) max X 27 f = 100 X 0.02 X 2 X 22/7 X 12.5 = 157.14V

(2) (emPer = ((emPina)/(V(2)) = 157.14/(N(2)) = 111.11 V

° Model answer

(1) w = 2nf = 1007, f = 50 Hz
(2) (emflnax = NBAw = 100t BA ,N = 1

° Model answer

Because the values of the current during the first half of the cycle equal the values during the
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second half but in the opposite direction, so the average value of the alternating current during a
complete cycle is zero. But the rate of electrical energy (the electric power) consumed during a
complete cycle is not zero, because the electrical energy is consumed as heat due to the motion of

the electrons inside the conductor, whatever their direction.

6 Model answer

(emf) nax = NBA X 2m f
(emf),vg = -N(A @)/ (At) = -NBA(cos 60°- cos 0)/(1/6f) = 3NBAf
((emf)yg)/ ((emf) o) = 3NBAf/(NBA X 2w f) = 3/(2xn)

° Model answer

The average emf during a quarter of a revolution from the zero position: (emf) /4 = N(@p,)/
(T/4)

When the coil rotates half a revolution from the zero position, both the change in the flux cutting
the coil and the time taken are twice those of a quarter revolution, so the rate of change of flux

stays the same:

(emf) 1/, = NC@)/(T/2) = N(¢w)/(T/4)
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e Model answer

(emf)ayg = -N(A @r)/(A 1) = -150 X ((-4-0) X 10°)/((5-2.5) x 107) = 2.4V
Iavg = ((emf)avg)/R =24/5 =048 A

@ Model answer

(1) Point (C), because the induced emf is zero when the plane of the coil is perpendicular to the
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direction of the magnetic field.

(2) 22.5 = 45sin0 , 0 = 150° (because the coil starts from the parallel position, 8 = 90°)
So the coil rotates through 150 - 90 = 60°

T=075x%x 103 x4=3x103s,f= 1000/3 Hz

60 = 2 x 180 x 1000/3 X t, t =5 X 10*s

0 Model answer

T=1/f=1/10=0.1s

(1) The flux is zero when the plane of the coil is parallel to the field, that is after a quarter of a
revolution: t = T/4 = 1/40 s

(2) The emf is maximum when the plane of the coil is parallel to the field, that is after a quarter of
a revolution: t = 1/40 s

(3) The current becomes zero when the coil is perpendicular to the flux lines, that is after half a
revolution: t = T/2 = 1/20 s

(4) The average emf becomes zero when the coil completes a full revolution, that is after 0.1 s

5) The instantaneous emf equals the effective emf when the plane of the coil makes an angle of
(5) q p g
45° with the field, that is after 1/8 of a revolution: t = T/8 = 1/80 s

Q Model answer

During the interval from O to t (a quarter of a revolution): (emf); = -N(0 - BA)/(1/4T) = NBA
X 4f

During the interval from O to 3t (three quarters of a revolution): (emf), = -N(O - BA)/(3/4T)

= NBA X 4/3f

Comparing: (emf); > (emf),

e Model answer

f=1/T=1/(8 x 103) = 125 Hz

(1) ()1 = BAcos 90°= 0, (¢); = BAcos 270°= 0, so the average emf = 0

(2) ((emf)ayg)/((eMf) pax) = -(c0sO; - c0s01)/Cr f A )

((emf)4y)/100 = -fraccos 180°- cos 135°2 x 22/7 x 125 X 1 x 1073, (emf),yy = 37.28
v
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@ Model answer

(1) (emf)max = NBAw , slope = NBA
(2) (emflnax = NBA X 2 f, slope = 2TINBA
(3) (emf)nax = NBAw , slope = BAW
(4) emf = NBAwsin® , slope = NBAW
(3)
(6)
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5) Ieg = (Ipmax)/(N(2)) , slope = 1/(N(2))
6) (emfl)eg = ((emf) maxd/(V(2)) , slope = 1/(N(2))

@ Model answer

The maximum induced emf increases to four times its value according to (emf)n.x = NBA X 2x

f

The effective emf also increases to four times its value according to (emf).g = ((emf)ax)/

V()

@ Model answer

(1) The maximum induced emf in the coil does not change, because it is given by (emf) n.x =
NBAw and all these quantities are constant.
(2) The maximum current through the coil increases, because it is given by Iax = ((emf)max)/

(R'") and the resistance of the external circuit has decreased.

@ Model answer

Using a battery: (Py); = (Vg?)/R = 144/R
Using the dynamo: (Py,), = (V.g2)/R = ((12)%)/2R = 72/R
(Py)1 > (Py)y, so the lamp is brighter when the battery is used.

@ Model answer

The current generated in the dynamo coil: alternating current (changing in magnitude and
direction).

The current in its external circuit: a unidirectional current of changing magnitude.

Q Model answer

(1) Two perpendicular coils connected to a metal cylinder split into four parts insulated from each
other.
(2) Several coils with small equal angles between them are used, and the hollow metal cylinder is

divided into a number of insulated parts equal to twice the number of coils.
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I Past exam questions

1 2 3 4 5 6 7 8 9 10
B B C A A A C D C D
11 12 13 14 15 16 17 18 19 20
A D B A C B A A A
21 22 23 24 25 26 27 28 29 30
C C C C B A D C
31 32 33 34 35 36

D D C A —

° Answer (B)

(emf) max = NBAw , with the same B and W: (emf) j.x < NA
(a) 20A, (b) 40A , (c) 30A, (d) 10A
Ascending order: d then a then ¢ then b

6 Answer (B)

The voltage reaches its maximum value twice every cycle: f = 50 Hz
(emf)max = NBA X 2mf = 100 X 0.2 X 250 x 1074 X 2;w X 50 = 157.1V
(emfleg = 157.1/(N(2)) = 111.1V

e Answer (C)

(emf) nox = NBA X 2m f « Nf
Dynamo y: twice the number of oscillations of x, so fy = 2f,, and half the maximum voltage.

Vo/2Vy = (Ny X 2f)/(Nx fy) , Ny/Ny = 1/4

0 Answer (A)

(emf)ax = NBA X 2nf = 12 X 0.6 X 0.08 X 2 X 22/7 X 50 = 181V
I = 181/22 = 823 A

° Answer (A)

P=1I1g*R,Ig = V(60/30) =V(2) A
Liax = V@) Lg = 2A

e Answer (A)

T=008s,f=125Hz,0 = 360 x 12.5 x 1/75 = 60°
(emf)avg = (emf)ymaxfracl - cos 60°2x ft = (100 X 0.5)/(2 x 3.14 x 12.5 X 1/75) =
47.77 V
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G Answer (C)

(emf)avg = N2BA/(T/2) = 4NBAf = 4 x 100 x 0.1 X 0.02 X 50 = 40V

° Answer (D)

10 = (emf).xSin 45°, (emf) max = 1OV(2) V
During 1/3 of a revolution: 0 = 120°
(emj‘)avg = (emf) paxfracl - cos 120°2n X 1/3 = (10V(2) x 1.5)/2.094 = 10.1 V

° Answer (C)

The emf reaches half its maximum value for the second time at @ = 150°

150 = 360 X f x 1/60,f = 25 Hz

@ Answer (D)

T=004s,f=25Hz,0 =360 x 25 x 1/30 = 300°
(emf)ayg = (emf)ymaxfracl - cos 300°2xn ft = (200 X 0.5)/(2 X 3.14 X 25 X 1/30) =
19.1V

@ Answer (A)

The instantaneous emf is zero when the flux is maximum (its rate of change is zero): at t; , t3

Q Answer (D)

® = ((emf)na)/NBA = 376.99/(200 x 0.3 X 0.01) = 628.3 = 2005w rad/s

@ Answer (B)

The dynamo is connected to two metal rings, so it produces an alternating current: curve x, I,
=3A

(emflax = ImaxR = 3 X 10 = 30V

(emf)ayg = 2/(W)(emf) o = (2 X 30)/3.14 = 19.11V

Q Answer (A)

1/4 of a revolution from the perpendicular position: A ¢, = BA , and 1/2 a revolution: A ¢,
= 2BA
In the same time: the ratio = BA/2BA = 0.5

@ Answer (C)

The emf reaches half its maximum value for the second time at @ = 150°

t = 150/(360 x 50) = 1/120s
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@ Answer (B)

(emf)ax = NBA X 2 f = 200 X 0.02 X 0.1 X 2wt X 50 = 125.7V
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During 5 ms (a quarter of a revolution) from the perpendicular position, the emf increases from

zero to the maximum value.

Q Answer (A)

Half a revolution is 0.04 s, so at t = 0,01 s the angle is 45°
6 = (emf) paxSin 45°, (emf) .x = 6N(2) V
(emf)eff = ((emﬁmax)/(\/(z)) =6V

@ Answer (B)

(emf)nax = NBA X 2 f = 300 X 0.01 X 0.02 X 2 x 22/7 X 1400/60 = 8.8V
The plane of the coil makes 60° with the field, so its normal makes 30°
emf = 88sin30°= 4.4V

@ Answer (A)

f = 6000/60 = 100 Hz
(emPmay = 200 X 0.02 X 0.02 X 2 x 3.14 X 100 = 50.24 V
(emfleg = 50.24/(V(2)) = 35.53 V

@ Answer (A)

The flux at the start and the end of the interval is zero, so there is no total change in flux: (emf),yg

=0

@ Answer (C)

The flux decreases from its maximum value to zero in 2 ms (a quarter of a revolution): T = 8 ms,

f=125Hz
0 =360 x 125 x 0.1 X 103 = 4.5°
emf = Noy, X 2w fsind = 200 X 2 X 10° X 2 X 3.14 X 125 X sin 4.5°= 0.025V

@ Answer (C)

The instantaneous value equals the effective value at 45°, that is after 1/8 of a revolution.

t=T/8 =20/8 =2.5ms

e Answer (C)

(emfayg = N(A ¢1)/(A 1) = (200 X 3.5 X 103)/(5 x 103) = 140 V
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@ Answer (C)

The instantaneous emf is zero when the flux is maximum (its rate of change is zero): at A, C

e Answer (B)

(emf)eg = (50V(2))/(V(2)) = 50V ,1I = 50/500 = 0.1 A
Circuit B): I = 10/100 = 0.1 A

@ Answer (B)

From the parallel position: @, = (@) maxSiNO , 10 = (P ) maxsSin 30° , (@) max = 20 mWb
(emf) pax = N(@r)max X 2 f = 50 X 0.02 X 2 X 3.14 X 50 = 314V

@ Answer (B)

The current generated inside the dynamo coil is alternating and changes its direction every half
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revolution; the rectifier (the split cylinder) makes its direction the same in the external circuit only.

@ Answer (A)

The coil is connected to two metal rings, so an alternating current flows in the resistance: graph
(A).

@ Answer (D)

The angle is in degrees: 0 = 18000 t
-100 = 200sin0 , the first time is at 0 = 210°
t = 210/18000 = 7/600 s

@ Answer (C)

From the figure: T = 20 ms, and € = 30 V at % of a revolution (45°), s0 €y, = 30V(2) V and
Ef = 30V
When 0 is doubled: T = 10 ms, and the effective value doubles: 60 V

° Answer (D)

Half a revolution is 20 ms: T = 40 ms, f = 25 Hz ,and at t = 5 ms: O = 45°
200 = €,,xSIN 45° , €0x = 200V (2) V
At x the coil is perpendicular to the field, so the flux is maximum:

(Pr)max = (Emax/(N X 21 f) = (200¥(2))/(100 X 2 x 3.14 x 25) = 1.8 X 102 Wb

Q Answer (D)

The coil starts rotating from the perpendicular position, so an alternating current is generated that

starts from zero and changes its direction: graph (D).
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@ Answer (D)

During op (a quarter of a revolution), the flux changes by BA in a time T/4
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During qn (half a revolution), the flux changes by 2BA in a time T/2, so the value is the same.

@ Answer (C)

The periodic time is 12t, so each t corresponds to 30°
From 2t to 7t: from 60° to 210°, |cos 60°- cos 210°| = 1.366
From 5t to 10t: from 150° to 300°, |cos 150°- cos 300°| = 1.366

The same change in flux in the same time 5t: the ratio = 1

e Answer (A)

50 = 100sin0 : at t; the angle is 30°, and at t;, the angle is 150°
(emj‘)avg = (emf) paxfraccos 30°- cos 150°A0 = (100 x 1.732)/((2n)/3) = 82.7 V

e Model answer

For the wire of length (£): A; = ((0)/4)? = (02)/16
For the wire of length (2£): A, = ((20)/4)* = (01*)/4
(emf) nax = NBAw and N, B and  are all constant.
Vi/Vy = Aj/Ay = 1/4,V, = 4V
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