1

[May/June 2008]

A small rectangular coil ABCD contains 140 turns of wire. The sides AB and BC of the coil
are of lengths 4.5cm and 2.8 cm respectively, as shown in Fig. 6.1.

pole-piece
of magnet ——

\ axis of rotation

Fig. 6.1

The coil is held between the poles of a large magnet'so.that the coil can rotate about an axis
through its centre.

The magnet produces a uniform magnetic field:of flux density B between its poles.

When the current in the coil is 170mA, the maximum torque produced in the coil is

2.1 x 103N m.

(@) For the coil in the position for maximum torque, state whether the plane of the coil is
parallel to, or normal to, the direction of the magnetic field.

(b) For the coil in the position shown in Fig. 6.1, calculate the magnitude of the force on

(i) side AB of the cail,
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(ii) side BC of the caoil.

(c) Use your answer to (b)(i) to show that the magnetic flux density B between the poles of
the magnet is 70mT.

[2]
(d) (i) State Faraday’s law of electromagnetic.induction.

(ii) The current in the coiliin (a) is switched off and the coil is positioned as shown in
Fig.6.1.
The coil is then turned through an angle of 90° in a time of 0.14s.
Calculate the average e.m.f. induced in the coil.
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[November/December 2007]
(a) A straight conductor carrying a current [ is at an angle 8 to a uniform magnetic field of
flux density B, as shown in Fig. 6.1.

magnetic field,

flux density B
- 0 \0 \0 \9 \ current /

Fig. 6.1

The conductor and the magnetic field are both in the plane of the paper. State

(i) an expression for the force per unit length acting on the conductor due to the
magnetic field,

force perunit length =........oooiii i [1]

(ii) the direction of the force on the conductor!
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(b) A coil of wire consisting of two loops is suspended from a fixed point as shown in
Fig. 6.2.

9.4cm

Fig. 6.2

Each loop of wire has diameter 9.4 cm and the separation of the loops is 0.75cm.
The coil is connected into a circuit such that the lower end of the coil is free to move.

(i) Explain why, when a current is switched on in the:coilythe separation of the loops of
the coil decreases.

(if) Each loop of the coil may'be considered as being a long straight wire.
In SI units, the magnetic flux density B at a distance x from a long straight wire
carrying a current [ is'given by the expression

B=2.0x 10‘71.
X
When the currentiin the coil is switched on, a mass of 0.26 g is hung from the free

end of the coilin order to return the loops of the coil to their original separation.
Calculate the current in the coil.

CUITENT = . A [4]




3

[May/June 2003]
An aluminium sheet is suspended from an oscillator by means of a spring, as illustrated in
Fig.3.1.

-~ oscillator

il

00

il

aluminium
sheet

electromagnet

Fig. 3.1
An electromagnet is placed a short distance from:the centre of the aluminium sheet.
The electromagnet is switched off and the frequency f of oscillation of the oscillator is

gradually increased from a low value. Thefvariation with frequency f of the amplitude a of
vibration of the sheet is shown in Fig. 3.2

- Y
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A peak on the graph appears at frequency f,.

(a) Explain why there is a peak at frequency f,.

(b) The electromagnet is now switched on and the frequency of the escillator is again
gradually increased from a low value. On Fig. 3.2, draw a line to show the variation with
frequency f of the amplitude a of vibration of the sheet. [3]

(c) The frequency of the oscillator is now maintained at a constant value. The amplitude of
vibration is found to decrease when the current in the electromagnet is switched on.

Use the laws of electromagnetic induction to explain this ebservation.
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4 A small coil is positioned so that its axis lies along the axis of a large bar magnet, as shown

in Fig.4.1.
leads to
coll
s D ——=]
pole of y o (£ axis of coil
magnet o and magnet
|- »E
1 X 1
: ' coil
Fig.4.1

The coil has a cross-sectional area of 0.40 cm? and contains 150 turns of wire.

The average magnetic flux density B through the coil varies with the distance x between the
face of the magnet and the plane of the coil as.shown in Fig. 4.2.

80
\
\
B/mT \
60 \
\
\
\
\
40
N \\\
N
20 Ny
\\ o
0
0 5 10 15 20 25

x/cm
Fig.4.2

(@) (i) The coil is 5.0cm from the face of the magnet. Use Fig.4.2 to determine the
magnetic flux density in the coil.

magnetic flux density = ..o, T



(i) Hence show that the magnetic flux linkage of the coil is 3.0 x 10~ Whb.

(3]
(b) State Faraday’s law of electromagnetic induction.

(c) The coil is moved along the axis of the magnet so,that the distance x changes from
x=5.0cmto x=15.0cm in a time of 0.30s. Calculate

(i) the change in flux linkage of the coil,

(ii) the average e.m.f. induced.in the coil.

(d) State and explain the variation, if any, of the speed of the coil so that the induced e.m.f.
remains constant during the movement in (c).
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[November/December 2006]
A metal disc is swinging freely between the poles of an electromagnet, as shown in Fig.5.1.

metal disc

pole=piece of
electromagnet

/

Fig. 5.1
When the electromagnet is switched on, the disc comes to rest after a few oscillations.

(@) (i) State Faraday’s law of electromagnetic induction and use the law to explain why an
e.m.f. is induced in the disc.
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10

[May/June 2004]
6 (a) Explain, in terms of heating effect, what is meant by the root-mean-square (r.m.s.) value
of an alternating current.

(b) State the relation between the peak current [, and the rm.s. current /. of a
sinusoidally-varying current.

(c) The value of a direct current and the peak value of a sinusoidal alternating current are
equal.

(i) Determine the ratio

power dissipation in a resistor of resistance A by.the direct current
power dissipation in the resistor of resistance R by the alternating current

(ii) State one advantage @@nd.one disadvantage of the use of alternating rather than
direct current in the home.

= T0 NV T ] £= Lo [ T PSP PP PPPPPPRPPPR
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(d) A current I varies with time t as shown in Fig. 5.1.

+4

+3

I/A

+2

+1

Fig. 5.1
For this varying current, state
(i) the peak value,
peakvalue = .............cccceeeeeee. A [1]
(ii) the r.m.s. value.

rms.value = ... A[1]
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[May/June 2007] Use
7 Anideal transformer has 5000 turns on its primary coil. It is to be used to convert a mains
supply of 230Vr.m.s. to an alternating voltage having a peak value of 9.0V.

12

(a) Calculate the number of turns on the secondary coil.

(b) The output from the transformer is to be full-wave rectified. Fig. 4.1 shows part of the
rectifier circuit.

8\

A

Fig. 4.1

On Fig. 4.1, draw

(i) diode symbols to complete the diagram of the rectifier such that terminal A of the
resistor R.is positive with respect to terminal B, [2]

(ii) thessymbol for a capacitor connected to provide smoothing of the potential difference
across the resistor R. [1]
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(c) Fig. 4.2 shows the variation with time t of the smoothed potential difference V across the

resistor R.
A
4
0 : I : : M
O t1 t2 t3 t t4
Fig. 4.2

(i) State the interval of time during which the capacitor is being charged from the
transformer.

fromtime ............ totime ............... [1]

(ii) The resistance of the resistor R is doubled..On Fig. 4.2, sketch the variation with
time t of the potential difference V across the resistor. [2]




8

14
[November/December 2002]
(a) A charged particle may experience a force in an electric field and in a magnetic field.
State two differences between the forces experienced in the two types of field.
L PR URTTURTYURTTIURRIVURTOUPRTURRRORRTRORRRY, \{ /&
2 SRR UPPRURUPPRUPRRURPRRPRI. .. YIRTT
...................................................................................................................................... [4]

(b) A proton, travelling in a vacuum at a speed of 4.5 x108m s, entérs aregion of uniform
magnetic field of flux density 0.12 T. The path of the proton in the'field is a circular arc,
as illustrated in Fig.6.1.

path of . region of uniform
proton o magnetic field
path of
proton
Fig.6.1

(i) State the direction of.the magnetic field.

(ii) Calculate the radius of the path of the proton in the magnetic field.

[£=10 (1 T m
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(c) A uniform electric field is now created in the same region as the magnetic field in
Fig. 6.1, so that the proton passes undeviated through the region of the two fields.

Y

(i) On Fig.6.1 mark, with an arrow labelled E, the direction of the electric field.

(i) Calculate the magnitude of the electric field strength.

ot been considered in the
calculations in (b) and (c).

(3]
'\
(d) Suggest why gravitational forces on the proton'%n
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[November/December 2004]
9 A charged particle passes through a region of uniform magnetic field of flux density 0.74 T,
as shown in Fig.5.1.

region of uniform
magnetic field

path of
charged particle

Fig.5.1
The radius r of the path of the particle in the magneticfield is 23 cm.

(@) The particle is positively charged. State the direction of the magnetic field.

(b) (i) Show that the specific charge of therparticle (the ratio % of its charge to its mass)
is given by the expression

q._Vv
m rB’

where v is the speed of .the particle and B is the flux density of the field.

(2]
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(ii) The speed v of the particle is 8.2 x 10°ms~'. Calculate the specific charge of the
particle.

SPECIfic Charge = ....cooeeveeeeeeeee el cbine e Ckg™' [2]

(¢) (i) The particle in (b) has charge 1.6 x 10712 C. Using your answer to (b)(ii), determine
the mass of the particle in terms of the unified atomic mass constant u.
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[November/December 2005]
(a) An electron is accelerated from rest in a vacuum through a potential difference
1.2x10%V.
Show that the final speed of the electron is 6.5x10"ms™.

18

of

(2]

(b) The accelerated electron now enters a region of uniformsmagnetic field acting into the

plane of the paper, as illustrated in Fig.5.1.

magnetic field into
plane of paper

path of
electron

Fig. 5.1

(i) Describe the path of the electron as it passes through, and beyond, the region of

the magnetic field. You may draw on Fig. 5.1 if you wish.

path Within fieldi....co e,
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(ii) State and explain the effect on the magnitude of the deflection of the electron in the
magnetic field if, separately,

1. the potential difference accelerating the electron is reduced,

2. the magnetic field strength is increased.




11

[May/June 2002]

20

(a) Two similar coils A and B of insulated wire are wound on to a soft-iron core, as
illustrated in Fig. 6.1.

soft-iron core

A N N
oo

2

coil’'A

OO O O\ O\
oo\

=

Q

Fig. 6.1

{)

coil B

When the current [ in coil A is switched on and then‘off, the variation with time t of the

current is shown in Fig. 6.2.

Iy

O I ; 4:L| !
| | 3 t

Fig.6.2

EA | ! ¥
0 | | t >
| | i t

Fig.6.3

On Fig. 6.3, draw a graph to show the variation with time t of the e.m.f. E induced in

coil B.

(3]
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(b) Fig.6.4 is the circuit of a bridge rectifier.

P

load

Fig.6.4
An alternating supply connected across PR has an.output of 6.0V r.m.s.

(i) On Fig. 6.4, circle those diodes that are conducting when R is positive with respect
to P, [1]

(i) Calculate the maximum potential difference between points Q and S, assuming
that the diodes are ideal.

potential difference = ..................ooee. vV [2]

(iii) State and explain how a capacitor may be used to smooth the output from the
rectifier.You,may draw on Fig. 6.4 if you wish.
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[May/June 2005]
12 Anideal iron-cored transformer is illustrated in Fig. 6.1.
core
q ¢ )
. l S D : o
input q s p output
T [« ) q (o}
[« b q
primary secondary
coil coil
Fig. 6.1
(a) Explain why
(i) the supply to the primary coil must be alternating current, not direct current,
............................................................................................................................... 2]
(iif) for constant input power, the output current must decrease if the output voltage

increases.
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(b) Fig. 6.2 shows the variation with time t of the current Ip in the primary coil. There is no
current in the secondary coil.

o
o
~Y

Fig. 6.2
A
@
0 0 f f f t t t =t
Fig. 6.3
A
E
0 0 f f f f f f =t
Fig. 6.4

(i) Complete Fig. 6.3 to show the variation with time t of the magnetic flux @ in the
core. (1]

(ii) “.Complete Fig. 6.4 to show the variation with time t of the e.m.f. E induced in the
secondary coil. [2]

(ili) Hence state the phase difference between the current I in the primary coil and the
e.m.f. Einduced in the secondary coil.

phase difference = .......ccccooiiiii, [1]
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[May/June 2006]
14 Two long, straight, current-carrying conductors, PQ and XY, are held a constant distance
apart, as shown in Fig. 6.1.

Q ~ Y
AN AN
I 1
p U L x
Fig. 6.1

The conductors each carry the same magnitude currentin the same direction.

A plan view from above the conductors is shown in Fig.6.2.

current out current out
of paper of paper

Fig. 6.2
(a) On, Fig. 6.2 draw arrows, one in each case, to show the direction of

(i) the magnetic field at Q due to the current in wire XY (label this arrow B), [1]

(ii) the force at Q as a result of the magnetic field due to the current in wire XY (label
this arrow F). (1]
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(b) (i) State Newton’s third law of motion.

(c)

The magnetic flux density B at a distance d from a long straight wire carrying a current I
is given by

_ A
B =20x10 xd.

Use this expression to explain why, under normal circumstances, wires carrying
alternating current are not seen to vibrate. Make reasonable estimates of the
magnitudes of the quantities involved.
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[November/December 2002]

26

15 A metal wire is held taut between the poles of a permanent magnet, as illustrated in Fig. 7.1.

wire

P

Fig. 7.1

A cathode-ray oscilloscope (c.r.0.) is connected between the ends of the
sensitivity is adjusted to 1.0mV cm™' and the time base i50.5ms cm™'.

The wire is plucked at its centre. Fig. 7.2 shows the trace seen on the c.r.o.

clamp

wire. The Y-plate

N
AN
/
~7
4

~N

7
N
N

N

1.0cm

Fig.7.2

1.0cm
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(a) Making reference to the laws of electromagnetic induction, suggest why

(i) ane.m.f. isinduced in the wire,

(ii) the e.m.f. is alternating. q

(b) Use Fig.7.2 and the c.r.o. settings to determine the@on representing the induced
alternating e.m.f. ¥

N
<
$
2
Q
¢a§
e% e [4]
&
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[November/December 2005]
(a) Define magnetic flux density.

(b) A flat coil consists of N turns of wire and has area A. The coil is placed so that its plane
is at an angle 6 to a uniform magnetic field of flux density B, as shown'in Fig. 6.1.

flat coil area A

> 0 >
> —>
magnetic field
, > >
flux density B
>

PR -
0 >

Y

Fig. 6.1

Using the symbols A, B, N and 6'and making reference to the magnetic flux in the coil,
derive an expression for the magnetic flux linkage through the coil.

(2]
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(c) (i) State Faraday’s law of electromagnetic induction.
.............................................................................................................................. [2]
(ii) The magnetic flux density B in the coil is now made to vary with time tas.shown in
Fig.6.2.
Bi
0 i I j >
0 T 2T 3T t
| | |
| | | Fig. 6.2
| | |
| | |
| | |
| | [
Ei | | |
| | |
| | |
| | |
| [ |
| | |
| | |
0 | | | -
0 T oT 3T t
| | |
| | | Fig. 6.3
I | |
| | |
| | |
| | |
On Fig. 6.3, sketch the variation with time t of the e.m.f. E induced in the coil.  [3]
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[November/December 2008]
17 A simple iron-cored transformer is illustrated in Fig. 6.1.

laminated
soft-iron core

econdary

primary S
coil : i coil

Fig. 6.1
(@) Suggest why the core is

(i) a continuous loop,

.............................................................................................................................. [1]
(ii) laminated.
.............................................................................................................................. [2]
(b) (i) State Faraday’s law of electromagnetic induction.
.............................................................................................................................. [2]
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18 (a) Define the tesla. [May June 2009] For

Examiner’s
Use

(b) A large horseshoe magnet produces a uniform magnetic field of flux density B between
its poles. Outside the region of the poles, the flux density is zero.
The magnet is placed on a top-pan balance and a stiff wire XY.is situated between its
poles, as shown in Fig. 6.1.

pole P

top-pan
balance

Fig. 6.1

The wire XY is horizontal and normal to the magnetic field. The length of wire between
the poles is 4.4cm.

A direct current of magnitude 2.6 A is passed through the wire in the direction from X
toY.

The reading on the top-pan balance increases by 2.3g.

(i) State and explain the polarity of the pole P of the magnet.




(i) Calculate the flux density between the poles.

flux density =

33

(c¢) The direct current in (b) is now replaced by a very low frequency sinusoidal current of

r.m.s. value 2.6 A.

Calculate the variation in the reading of the top-pan balance.

variationqin reading =
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[May June 2009]

19 You are provided with a coil of wire, a bar magnet and a sensitive ammeter. For

Examiner’s
Outline an experiment to verify Lenz’s law. Use




[October November 2009]
20 The currentin a long, straight vertical wire is in the direction XY, as shown in Fig. 6.1.

Y

X
Fig. 6.1

(@) On Fig. 6.1, sketch the pattern of the magnetic flux in the horizontal plane ABCD due to
the current-carrying wire. Draw at least four flux lines. [3]

(b) The current-carrying wire is within the Earth’s magnetic field. As a result, the pattern drawn
in Fig. 6.1 is superposed with the horizontal component of the Earth’s magnetic field.

Fig. 6.2 shows a plan view of the plane ABCD with the current in the wire coming out of

the plane.
D C
A A A A
magnetic field current out of
of Earth \ /plane ABCD
G/
A B
Fig. 6.2

The horizontal component of the Earth’s magnetic field is also shown.
© UCLES 2009 9702/41/0/N/09
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On Fig. 6.2, mark with the letter P a point where the magnetic field due to the
current-carrying wire could be equal and opposite to that of the Earth. [1]

For a long, straight wire carrying current I, the magnetic flux density B at distance r
from the centre of the wire is given by the expression

_ ., 1
B = Ho 2nr

where u, is the permeability of free space.

The point P in (i) is found to be 1.9cm from the centre of the wire for a current of
1.7A.

Calculate a value for the horizontal component of the Earth’s magnetic flux density.

flux density = ....ccovviieiiiieeeeeee T [2]

(c¢) The current in the wire in (b)(ii) is increased. The point P is now found to be 2.8cm from
the wire.

Determine the new current in the wire.

CUrrent = s A [2]
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21 A sinusoidal alternating voltage is to be rectified. [October November 2009]

(@) Suggest one advantage of full-wave rectification as compared with half-wave
rectification.

(b) The rectification is produced using the circuit of Fig. 7.1.

Fig. 7.1
All the diodes may be considered to be ideal.

The variation with time t of the alternating voltage applied to the circuit is shown in
Fig. 7.2 and in Fig. 7.3.

AW A
VARV

Fig. 7.2

ANANA
VARVARVA

Fig.7.3

voltage

voltage
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On the axes of Fig. 7.2, draw a graph to show the variation with time t of the potential

For
Examiner’s
Use

difference across diode A. (1]
(ii) Onthe axes of Fig. 7.3, draw a graph to show the variation with time t of the potential
difference across diode B. 1]
(¢) (i) On Fig. 7.1, draw the symbol for a capacitor, connected into the circuit so as to
provide smoothing. [1]
(ii) Fig. 7.4 shows the variation with time t of the smoothed potential difference across
the resistor R in Fig. 7.1.
A
potential
difference
t -
Fig.7.4
1. State how the amount of smoothing.may be increased.
............................................................................................................................ [1]
2. On Fig. 7.4, draw the variation with time t of the potential difference across
resistor R for increased smoothing. [2]
© UCLES 2009 9702/41/0/N/09 [Turn over



[October November 2009]
22 Two long straight vertical wires X and Y pass through a horizontal card, as shown in

Fig. 5.1.
wire X wireY
horizontal
card
D >
/N N\

Fig. 5.1

The current in each wire is in the upward direction.

39

The top view of the card, seen by looking vertically downwards at the card, is shown in

Fig. 5.2.

card

BN

wire X

current out
of card

wire Y

current out
of card

Fig. 5.2 (not to scale)
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(a) OnFig.5.2, For

Examiner’s
(i) draw four field lines to represent the pattern of the magnetic field around wire X due Use
solely to the current in wire X, 2]

(ii) draw an arrow to show the direction of the force on wire Y due to the:magnetic field
of wire X. [1]

(b) The magnetic flux density B at a distance x from a long straight wire due to a current I in
the wire is given by the expression

B= Mol
21X

where u, is the permeability of free space.

The current in wire X is 5.0A and that in wire Y is 7.0 A. The separation of the wires is
2.5¢cm.

(i) Calculate the force per unit length on wire Y due to the current in wire X.

force perunitlength = .........ccoooveeiieieiieeene Nm~' [4]
(ii) The currents in the wires are not equal.

State and explain whether the forces on the two wires are equal in magnitude.




M

23 An ideal transformer is illustrated in Fig. 6.1. [October November 2009]

primary coil secondary coil
input ~ T E output
\
[—~soft=iron core
Fig. 6.1
(@) (i) State Faraday’s law of electromagnetic induction.

(ii)

(b) (i)

(ii)

input.

Use LenZz’s law to explain why the input potential difference and the output e.m.f.
are notin phase.
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(c) Electrical energy is usually transmitted using alternating high voltages.

Examinrs
Suggest one advantage, for the transmission of electrical energy, of using Use
(i) alternating VOItAGE, ......oooiiieeiiieie et e e e e e e e e fimn R e e e e
............................................................................................................................ [1]
(i) NG VORAGE. ... e d R i et e e e e e e e




24 (a) A uniform magnetic field has constant flux density B. A straight wire of fixed length For

carries a current I at an angle 6to the magnetic field, as shown in Fig. 6.1. Examiner's
Use

magnetic field
flux density B

o

current-carrying
wire

Fig. 6.1

(i) The current I in the wire is changed, keeping the angle @ constant.
On Fig. 6.2, sketch a graph to show the variation with current I of the force F on the
wire.

o
Y

Fig. 6.2
(2]

© UCLES 2010 9702/43/M/J/10



(ii) The angle 6 between the wire and the magnetic field is now varied. The current I is

F
kept constant. Exam(;rrwer’s
On Fig. 6.3, sketch a graph to show the variation with angle 6 of the force F on the Use
wire.

A
F
0 I | I
0 30 60 90
0/°
Fig. 6.3 (3]

(b) A uniform magnetic field is directed at right-angles.to the rectangular surface PQRS of a
slice of a conducting material, as shown in Fig. 6.4.

uniform magnetic field

Q R
Y %
"""" j‘"" B direction of
movement
P S - / of electrons
Fig. 6.4

Electrons, moving towards the side SR, enter the slice of conducting material. The
electrons enter the slice at right-angles to side SR.

(i) Explain.why, initially, the electrons do not travel in straight lines across the slice
from side SR to side PQ.

............................................................................................................................ [2]

© UCLES 2010 9702/43/M/J/10 [Turn over




25 (a) Explain what is meant by the root-mean-square (r.m.s.) value of an alternating voltage. For
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.................................................................................................................................... [2]
(b) An alternating voltage V is represented by the equation
V = 220 sin(120mnt),
where V'is measured in volts and tis in seconds.
For this alternating voltage, determine
(i) the peak voltage,
peak voltage = ......ciloiiiiiiiiiiee, V [1]
(ii) the r.m.s. voltage,
rm.s.voltage = ..., V [1]
(iii) the frequency.
frequency = ... Hz [1]

(c) The alternating voltage in (b) is applied across a resistor such that the mean power
output from the resistor is 1.5kW.

Calculate the resistance of the resistor.

resistance = ..o, Q [2]

© UCLES 2010 9702/43/M/J/10
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(a) A constant current is maintained in a long straight vertical wire. A Hall probe is positioned
a distance r from the centre of the wire, as shown in Fig. 5.1.

current-carrying

wire /'\

Hall probe

= terminals to
5 Hall probe circuitry
' and voltmeter

Fig. 5.1

(i) Explain why, when the Hall probe is rotated about the horizontal axis XY, the Hall
voltage varies between a maximum positive value'and a maximum negative value.

(ii) The maximum Hall voltage V|, is measured at different distances r.
Data for V, and the corresponding values of rare shown in Fig. 5.2.

Vy /N r/cm
0.290 1.0
0.190 1.5
0.140 2.0
0.097 3.0
0.073 4.0
0.060 5.0
Fig. 5.2

It is thought that V|, and rare related by an expression of the form

v, =k
;

where k is a constant.
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1. Without drawing a graph, use data from Fig.5.2 to suggest whether the For

expression is valid. Examiner’s
Use

[2]
2. A graph showing the variation with 1r of V,, is plotted.
State the features of the graph that suggest that the expression is valid.
.......................................................................................................................... [1]

(b) The Hall probe in (a) is now replaced with a small coil of wire connected to a sensitive
voltmeter. The coil is arranged so that its plane_ is normal to the magnetic field of the
wire.

(i) State Faraday’s law of electromagnetic induction and hence explain why the
voltmeter indicates a zero reading.

.............................................................................................................................. [3]
(ii) State three different ways in which an e.m.f. may be induced in the coil.
LIPS U TP PSUPRTRPR
2 e ettt — e e et —eee e e aEeeeeeaheeee e e beeeeeaaabeeeeeanbeeeeeabeeeeeaanaeeeeaanreeeeaans
K PSPPSR
3]
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27 A student is asked to design a circuit by which a direct voltage of peak value 9.0V is obtained

from a 240V alternating supply.

The student uses a transformer that may be considered to be ideal and a bridge rectifier

incorporating four ideal diodes.

The partially completed circuit diagram is shown in Fig. 6.1.

o
240V N 1
o]

N

\/ load

Fig. 6.1

(@) On Fig. 6.1, draw symbols for the four diodes so as to produce the polarity across the

load as shown on the diagram.

(b) Calculate the ratio

number of turns on.the

2]

secondary coil

number of turns.on the primary coil
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M/J/10

For
Examiner’s
Use



12

5 Positive ions are travelling through a vacuum in a narrow beam. The ions enter a region of For
uniform magnetic field of flux density B and are deflected in a semi-circular arc, as shown in | Examiners

Fig.5.1. *
detector uniform magnetic
\D- / field
—
12.8cm
beam of I I
e . -
positive ions I |
Fig. 5.1

The ions, travelling with speed 1.40 x 10°ms™1, are detected at a fixed detector when the
diameter of the arc in the magnetic field is 12.8cm.

(a) By reference to Fig. 5.1, state the direction of the magnetic field.

(b) The ions have mass 20u and charge +1.6 x 10~'9C. Show that the magnetic flux density
is 0.454 T. Explain your working.

[3]

© UCLES 2010 9702/41/0/N/10
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(c) lons of mass 22u with the same charge and speed as those in (b) are also present in For
the beam. Examiner’s

Use

(i) On Fig. 5.1, sketch the path of these ions in the magnetic field of magnetic flux
density 0.454 T. (1]

(ii) In order to detect these ions at the fixed detector, the magnetic flux density is

changed.
Calculate this new magnetic flux density.

magnetic flux density = .. T [2]

© UCLES 2010 9702/41/0/N/10 [Turn over
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6 A simple iron-cored transformer is illustrated in Fig. 6.1.

For
Examiner’s
iron Use
core
D L€ b
q d D (L
(L q ; q D
input ~ q ) d D output
q q D
1  — — ]
D L€
primary secondary
coil coil

Fig. 6.1
(@) (i) State why the primary and secondary coils are wound. on a core made of iron.

in use.

© UCLES 2010 9702/41/0/N/10
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(b) The root-mean-square (r.m.s.) voltage and current in the primary coil are V, and I,

For
respectively. Examiner’s
The r.m.s. voltage and current in the secondary coil are Vg and Ig respectively. Use
(i) Explain, by reference to direct current, what is meant by the root-mean-square
value of an alternating current.
.............................................................................................................................. 2]
(ii) Show that, for an ideal transformer,
Vs _ I
[2]
© UCLES 2010 9702/41/0/N/10
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5 The poles of a horseshoe magnet measure 5.0cm x 2.4cm, as shown in Fig. 5.1.

direction of
movement
of wire

copper wire

e 5.0cm

pole piece
of magnet

Fig. 5.1

The uniform magnetic flux density between the poles of.the magnet is 89 mT. Outside the

region of the poles, the magnetic flux density is zero.

A stiff copper wire is connected to a sensitive ammeter of resistance 0.12 Q. A student moves
the wire at a constant speed of 1.8ms~! between the poles in a direction parallel to the faces

of the poles.

(a) Calculate the magnetic flux between the poles of the magnet.

magnetic fluX = ... Wb [2]

(b) (i) Use youranswer in (a) to determine, for the wire moving between the poles of the

magnet, the e.m.f. induced in the wire.

© UCLES 2010 9702/43/0/N/10
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(ii) Show that the reading on the ammeter is approximately 70 mA. For
Examiner’s

Use

[1]

(c) By reference to Lenz’s law, a force acts on the wire to oppose the motion of the wire.
The student who moved the wire between the poles of the magnet claims not to have

felt this force.
Explain quantitatively a reason for this claim.

© UCLES 2010 9702/43/0/N/10 [Turn over
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6 The variation with time t of the current I in a resistor is shown in Fig. 6.1. For

Examiner’s
I Use

Fig. 6.1
The variation of the current with time is sinusoidal.

(a) Explain why, although the current is not in one direction only, power is converted in the
resistor.

(b) Using the relation between root-mean-square (r.m.s.) current and peak current, deduce
the value of the ratio

average .power converted in the resistor
maximum power converted in the resistor

© UCLES 2010 9702/43/0/N/10
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6 A transformer is illustrated in Fig. 6.1.

(@) (i)

(ii)

(b) (i)

(ii)

© UCLES 2011

laminated iron

core \
[~
o 3
N 3 load
0
primary secondary
coil coil

Fig. 6.1
Explain why the coils are wound on a core made of iron:

.............................................................................................................................. [1]
Suggest why thermal energy is generateddn the core.
.............................................................................................................................. [2]
State Faraday’s law of electromagnetic induction.
.............................................................................................................................. [2]

UseFaraday’s law to explain why the potential difference across the load and the
e.m.f. of-the supply are not in phase.

9702/41/M/J/11
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(c) Electrical energy is usually transmitted using alternating current. Suggest why the
transmission is achieved using

(i) high voltages,

13

For
Examiner’s
Use
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6 An alternating current supply is connected in series with a resistor R, as shown in Fig. 6.1.

——0 N o—

R
— &
Fig. 6.1 %Q
The variation with time t (measured in seconds) of the current I (measured_i s) in the
resistor is given by the expression §

I = 9.9sin(3801). %Q
(a) For the current in the resistor R, determine @
i) the frequency,
(i) quency, ,%

Q& FM.S. CUMTENt = e A [2]

© UCLES 2011 9702/42/M/J/11
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(b) To prevent over-heating, the mean power dissipated in resistor R must not exceed
400W.
Calculate the minimum resistance of R.

For
Examiner’s
Use
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