Advanced Higher Physics
Past Paper Questions

3.2 Circuits
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12. A velocity selector is used as the initial part of a larger apparatus that is
designed to measure properties of ions of different elements.

The velocity selector has a region in which there is a uniform electric field
and a uniform magnetic field. These fields are perpendicular to each other
and also perpendicular to the initial velocity v of the ions.

This is shown in Figure 12A.

ion
source

Figure 12A
A beam of chlorine ions consists of a number of isotopes including **CL*.
The magnitude of the charge on a *Cl* ion is 1-60 x 107"°C.
The magnitude of electric force on a **Cl* chlorine ion is 4-00 x 107'>N.
The ions enter the apparatus with a range of speeds.
The magnetic induction is 115 mT.

(a) State the direction of the magnetic force on a **Cl* ion. 1

(b) By considering the electric and magnetic forces acting on a ¥Cl* ion,
determine the speed of the Cl* ions that will pass through the
apparatus without being deflected. 3

(€) *Cl" ions that are travelling at a velocity less than that determined in (b)
are observed to follow the path shown in Figure 12B.

ion
source

Figure 12B
Explain, in terms of their velocity, why these ions follow this path. 2

(d) 3'CI* ions are also present in the beam. *’CI* ions have a greater mass
and a greater charge than **Cl" ions. Some *C** ions also pass through
the apparatus without being deflected.

State the speed of these ions.
You must justify your answer. 2
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13. A student purchases a capacitor with capacitance 1-0F. The capacitor, which
has negligible resistance, is used to supply short bursts of energy to the audio
system in a car when there is high energy demand on the car battery.

The instructions state that the capacitor must be fully charged from the
12Vd.c. car battery through a 1-0 k(2 series resistor.

(@) Show that the time constant for this charging circuit is 1-0 x 10°s. 2

(b) The student carries out an experiment to monitor the voltage across the
capacitor while it is being charged.

(i) Draw a diagram of the circuit which would enable the student to
carry out this experiment. 1

(i) The student draws the graph shown in Figure 13A.
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(A) Use information from the graph to show that the capacitor is
63% charged after 1 time constant. 2

(B) Use information from the graph to determine how many time
constants are required for this capacitor to be considered
fully charged 1

() The car audio system is rated at 12V, 20W.

Use your knowledge of physics to comment on the suitability of the
capacitor as the only energy source for the audio system. 3
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14. A student designs a loudspeaker circuit.

A capacitor and an inductor are used in the circuit so that high frequency

signals are passed to a small “tweeter” loudspeaker and low frequency signals
are passed to a large “woofer” loudspeaker.

Each loudspeaker has a resistance of 8-0 (.

The circuit diagram is shown in Figure 14A.

tweeter

input woofer

Figure 14A

The circuit is designed to have a “crossover” frequency of 3-0kHz: at
frequencies above 3-0kHz there is a greater current in the tweeter and at
frequencies below 3-0 kHz there is a greater current in the woofer.

(a) Explain how the use of a capacitor and an inductor allows:

(i) high frequency signals to be passed to the tweeter; 1
(ii) low frequency signals to be passed to the woofer. 1

(b) At the crossover frequency, both the reactance of the capacitor and the

reactance of the inductor are equal to the resistance of each
loudspeaker.

Calculate the inductance required to provide an inductive reactance of
8-0 Q) when the frequency of the signal is 3-0 kHz. 3
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12. {(a) A swudent investigates how the current in an inductor varies with the
frequency of a voltage supply.

(i) Draw a suitable labelled circuit diagram of the apparatus required to
carry out the investigation. 2

(11) The student collects the following data.

Frequency{Hz 40 ) 30 100 120

Current/mA 148 101 76-0 58-2 50-0

Determine the relationship between the supply frequency and current for
this inductor. 2

{(#) An inductor of inductance 3-0H and negligible resistance is connected in a
circuit with a 12 £) resistor and supply voltage V, as shown in Figure 12A.

3-0H

120

to datalogger

bif—

Figure 12A

The datalogger is set to calculate the back emf across the inductor.
Switch 5 is initially open.

Switch 5 s now closed. Figure 12B shows how the back emf across the
inductor varies from the instant the switch i1s closed.
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12. (b) (continued) Marl
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Frgure 12B
(1) Determine the voltage across the resistor ag ¢ = 0520 5. 2
(1) Calculate the rate of change of current in the circust at £ =0-40=_ 2
(i) State why the magnitude of the back emf 1% greatest ae ¢ = 0. 1

(¢} A tuned arcunt consisting of an mductor, capacitor and resistor 13 shown
Figure 12C.
L=22mH
R =400

signal L c=47
geneTator ‘I"\TI"" [ uF

Figure 12C

The impedance Z, measured in ohms, of the circunt = given by the relabionshp

£ = l.JIRI +[‘1:I. —_ .\:{l]}
where the svmbaols have their usual meanings.
(1) At aparticular frequency f, the impedance of the cireust 15 a mimimum.

Show that f 1= gnven by

1
k= — 1
" amLC
(1) Calculate the frequency i 2
(1) State the minimum impedance of the carcuat. 1

(13)



12. A student carries out a series of experiments to investigate properties of
capacitors in a.c. circuits.

(a) The student connects a 5-0pF capacitor to an a.c. supply of
e.m.f. 15V, and negligible internal resistance as shown in Figure 12A.

15 Vrms
———0 v 00—

®

50 uF

Figure 12A

The frequency of the a.c. supply is 65 Hz.
(i) Calculate the reactance of the capacitor.

(ii) Determine the value of the current in the circuit.

(b) The student uses the following circuit to determine the capacitance of a

second capacitor. ©

Q)
signal
generator
| —®
The student obtains the following data.

Reactance (Q) Frequency (Hz)
1-60 x 10° 10
6-47 x 10° 40
299 x 10° 100
1-52 x 10° 200
6-35 x 10* 500
3-18 x 10* 1000

(i) On the square-ruled paper on Page thirty, plot a graph that would
be suitable to determine the capacitance.

(i) Use your graph to determine the capacitance of this capacitor. 3

o 1
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13. An inductor of inductance 40 H with negligible resistance s connected in seres
with a 48 L} resistor shown in Figure 13A.

5

4180 o lunalogger
-
12V |
—_—
son ﬂ i
Figure 13A

The datalogger 15 set to display a graph of current against tirme.

{a) Sketch the graph obtained from the tvime the switch 5 is closed until the
current reaches a maximum. Numerical values are required on the current

axis only. 2
(&) Calculate the initial rate of change of current in the 4-0 H inductor. .
(&) The 40 H inductor is now connected in the circuit shown in Figure 138,
®
~) .
signal generator
Figure 13B
The output voltage of the signal generator 15 ser at 0V, The reading in the
ammeter is 5-0mA.
Calculate the cputpurt frequency of the signal generator. 3
7)
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13. A srudent iz mvestigating the charging and discharging of a capacitor. The arcuit Marks
used 15 shown m Figure 13A

A B

O | O

C=385pF =5 s Data ]_.-r_lﬂ'_r_eri

[ freeesd

Fupure 134

With the switch in position A, the capactor charges. To discharge the capacitor,
the switch 15 moved to posibion B, The data loggrer monitors the voltage acmoss the

cipacitor.

The graph i Figure 138 shows how the voltage across the capacitor changes

during discharge.
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Frgure 13B
(a} Determine the time comstant from the graph. 2
(& Calculate the resstance of resistor K. 2

(4)
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14. A 040 H inductor of neghgble resistance is connected m a circunt as shown n
Figure 14. Switch S 15 mitially open.

+9-{)\'
) o /,
S
A
LYY
040 H 185Q
Figure 14

(@) (1) Sketch a graph of current agamnst time after the switch S 15 closed.

Numerical values are required on the current axis. 2

(u) Explamn fully the shape of the graph. 2

(b) Calculate the mitial rute of change of current when switch S 1= closed. 2
6)
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15. A student sets up an LC cirewnt, as shown in Figure 154

L = 2-0pF
e I A
L \Z/
:ig‘nu] generator
o My O
O,
T frequency mete

Maximum current occurs at the resonant frequency fi;,. Resonance occurs when the
capacitive reactance equals the inductive reactance. The student vanes the supply
frequency and records the corresponding current. A graph of current against
frequency 1= shown in Figure 158,
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(@) Show that the resonant Frequency i 1= grven by

_ 1
h =it 1
(B} The capacitance of C s 2-0pF. Calculate the inductance of L. 2

(e} The student wanits to change the design of this circuit in order to double the
resaonant frequency. Describe, m detal, a change the student could make to
achmeve this. 2

(5)
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Mai
7. Precision inductors can be produced using laser technology.

A thin film of copper is deposited on a ceramic core. A carbon dioxide laser 1s then
used to cut the copper to form a coil as shown in Figure 7A.

before laser cutting  _.ramic core after laser cutting

copper film copper coil

Figure 7A

(@) Each photon from the laser has a momentum of 6-26 x 107 kg m 5.

(i} Calculate the wavelength of each photon. 2

(ii) The inductor has an inductance of 0-1 H.

Explain what is meant by an inductance of 0-1 H. 1

(b) The rate of change of current for a different inductor is investigated using
a datalogger as shown in Figure 7B. This inductor has inductance L. and a
resistance of 2.

12V

S
—
to datalogger
T L
: SOV
30 20
Figure 7B

The graph shown in Figure 7C shows how the rate of change of current J1fdt
in the circuit varies with time from the instant switch S is closed.
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(1) Describe what happens to the magnetic field strength associated with the
inductor between 0 and 1-6s.
(11) Use information from the graph to determine the inductance L.

{111} Sketch a uraph to show how the voltage across the 812 resistor varies
during this nme. Numerical values are required on both axes.
{iv) Calculate the maximum energy stored by the inductor in this circuit.

oy —— iy —

Figure 7D

At frequency of 75 Hz the readings on A, and A, are the same.

Explain what happens to the readings on each ammeter as the frequency is
increased from 75 Hz to 150 Hz.

Assume that the supply voltage remains constant. 2

(12)
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SMAarns

6. Modern tramns have safety systems to ensure that they stop before the end of the
line. One system being tested uses a relay operated by a reed switch. The reed
switch closes momentanly as it passes over a2 permanent magnet Lhud on
the track. An mnductor in the relay activates the safety svstem as shown m
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Markes
. {a) A 3-0V battery 15 connected in series with a switch, a resistor and an
mductor of neghgible resistance. A neon lamp = connected across the
mductor as shown in Figure 6A.

00

neon
lamp

Figure 6A

(1) Sketch a graph to show how the current in the inductor varies with
ume from the instant the switch 1s closed.

Appropriate numerical values are required on the current axis. 2
(11) The neon lamp requires a potential difference of at least 110V across

it before 1t lights.

Explain why the lamp does not hight when the switch s closed. 1

(1) After a few seconds the switch 1s opened and the lamp flashes.
Explam, in terms of the magnetic field, why the lamp flashes as the

switch 1s opened. 2
(iv) The neon lamp has an average power of 1-2mW and a flash that

lasts 0-25 5,

Assumang all the energy stored by the inductor s transferred to the

lamp, calculate the inductance of the inductor. 3
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6. (continued)

{!l:l F:ii_'u:: 6B shows a circuit used to :im'e:ti.gl'!e the r:llti-nluhi.p between the
current in an inductive circuat and the supply frequency.

sagnal generator

o N o

O

Y

Figure 6B

The reading on the ammeter 13 noted for different values of supply
frequency.

(1) State the purpose of the voltmeter. 1
(n) Descnbe how the data obtained should be analyszed to determune the
:r|:|.a.l.'i.-|.1:|.'|_1]:|.'i|:| between the current in the inductive ciret and the
supply frequency. 1
(m) State the expected relationshap. 1
s e tem 1 connected o O s bET. svatem
(e} A loudspeaker sys i d ic amplifi The s

contans a capacitor, inductor and two loudspeakers, LS1 and L52, as
shown in Figure 6C.

LS1 L51=|:[]

Figure 6C

The arcut 1= designed so that one loudspeaker emats low frequency sounds

while the other emits high frequency sounds.

By comparnng the capacitive and mductive resctances, describe the

operation of this system. 2
(13)
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7. An mductor of neghgpble resistamce 132 connected m the crcut shown n it

Figure 11.

5 + -
- o012V o—m

150 -4k H

Y Y Y

Figure 11

{a) The mductor has an mmductance of 0-80 H.
Switch S is closed.

(1) Explam why there = a time delay before the current reaches s
muircirmum vilue, 1

() Caleulare the maximum current in the creuit.
(m) Caleulate the masximum energy stored in the mductor.
[1v) Caleulate the rate of change of current when the current n the circunt
15 0-12 A 3
(&) Swatch 5 15 opened and the ron core = removed from the mductor
Swatch 5 15 now closed.
(1) Will the maximum current be bigger, smaller or the same as the

muatmum current caleulated m (ar){a)?
(i) Explam any change in the time delay to reach the maximum current. 2
(m) Explam why the maximum energy stored i the inductor 15 less than

i ()}, 1

(£} The won core 1= replaced m the inductor. The d.c. supply = replaced wiath
a varnable frequency supply as shown m Frygure 12,

= r
5 L 12V
®
. 0-30H
Y Y

Figure 12

Sketch a graph to show how the carment m the crreut vanes wath the
frequency of the supply. MNumencal values are not required. 1

(13)
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Marks
7. {a) Figure 11 shows a d.c. power supply m senes with a swatch, lamp and
mductorn. o
— % %0V o ~~
S
2 6-0% 1-5W

The inductor consists of a cotl of wire with a resstance of 120
The lamp s rated at 60V 1-5W.
The 90V d.c. power supply has neghgible internal resistance.

(1) Explain why the lamp does not reach its maximum brightness
immediately after the switch is closed. 2

(1) When the lamp reaches its maximum brightness it 1s operating at s
stated power rating.

Calculate the current in the aircust. 1
(111) The maximum energy stored in the inductor 1s 75m].
Calculate the inductance of the mductor. 2

{rv) The inductor in Figure 11 1s replaced with another inductor which
has the same type of core and wire, but with twice as many turns.

State the effect this has on:
(A) the maximum current;

(B) the time to reach maximum current. 2

(t) Figure 12 shows a neon lamp connected to an mductor, switch and a
1-5V cell. '

-5V —— ‘

s/

A neon lamp needs a potential difference of at least 30V across it before it
lagrhts=.

The swatch 12 dosed for 5 seconds.

The swirch 15 then opened and the neon lamp flashes briefly.

Explamn this observation. 2
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8. A datalogger 15 used to investigate the rate of change of current in the cireuit

Traditional 2006

shown in Figure 12.
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Marks

o0V

Figure 12

{a) The datalogger measures the potential V, and the potential V.

What other piece of information is required to allow the computer software
to determine the current in the circuit? 1

(b) The switch S is closed and the datalogger software produces the graph shown

in Figure 13.
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e

rafe af change of currend edth fimel A "o

Fi 3 4 5 1 7 B k! i
magwitude of potential difference across LV

Figure 13

Assuming that the resistance of the inductor is negligible, calculate its

inductanos, 2
(¢} The current in the circuit eventually reaches a steady value of 100 mA.

Calculate the energy stored in the magnetic held of the mductor 2
(d} The diwode in the areutt & necessary b protect the datalogger against the high

violtage which can armse when the switch 5 is opened.

Explain wihy this high voltage is produced. 1

(6)
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Marks
8. (@) A coil of wire has an inductance of 2-0H. State what is meant by an
mmductance of 2-0H. 1

() Figure 14 shows a circuit containing an inductor with negligible resistance,
a resistor, switch and d.c. power supply connected in series. The d.c. power
supply has negligible internal resistance.

/ot

20H

12V

400

Figure 14
Calculate the rate of change of current immediately after switch S is closed. 2

(c) A similar circuit, with some component values changed, is shown in Figure 15.

\Q
1-5H
+Q
10V
-0
400
Figure 15

(1) Switch S is closed.
State two ways that the current in this circuit differs from the current
in the circuit shown in Figure 14, Justify your answers. 2

(ii) Calculate the maximum energy stored in the 1-5 H inductor. 2

Past Paper Questions 3.2 Circuits 20
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8. (continued)

(d) An airport metal detector consists of two fixed coils as shown in Figure 16,

% "ﬁ/ P

coil 1 \J coul 2
d.c. power
supply
Figure 16

A d.c. power supply provides a current in coil 1.

Coil 2 has no power supply but is connected to an alarm. The alarm
triggers when there is a current in coil 2.

A passcnger wearing a gold bracelet walks between the coils as shown m

Figure 17.
1,
Figure 17
Explain why:
(1) acurrent is induced in the gold bracelet; 1
(1) this triggers the alarm, 1
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Marks
9. An inductor of negligible resistance is connected mn the circuit shown in
Figure 12.
—
0V
121}
+0H
 FYTTTT
Figure 12
(@) Sketch a graph to show how the potential difference across the resistor
varies with time after switch S is closed. A numerical scale is required on
the potential difference axis. 2
() Ar a pomnt in time after switch 5 is closed, the current in the circuit
is F20A, Calculate the rate of change of current at this time. 3
(5)
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10. Two long parallel conductors, distance 7 apart, carry currents [, and /,.

(a) Show that the force per unit length acting on each conductor s given by

F Bl
| 2xr

where the symbols have their usual meanings. 2

() In some countrnies direct current 1s used for transmitting power over long
distances. Two direct current transmission cables each carry a current
of 850 A. The currents arc in opposite directions as shown in Figure 13,

_fom

S0A

direction of
electron flow

Figure 13

The cables are parullel and are separuted by a distance of 40 m,
(1) Calculate the force per unit length between the cables due to the
currents in the cables.
(i1) Does this force tend 1o move the cables together or spart?

(1) Determine the magnitude and direction of the resultant magnetic
induction, due to both cables, at a point midway between the cables. )

Past Paper Questions 3.2 Circuits 2 3



10. (continued)

(¢) The direction of the Earth’s magnetic field is at an angle of 60 degrees 1o
one cable, as shown in Figure 14,

ﬂ
S50A

Figure 14

In the region of the cable, the magnetic induction of the Earth's ficld s
5241, Calculate the force per unit length on this cable due to the Earth's
magnetsc field and the current in this cable,

Marks
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Miurks
7. (@) A long strmaght conductor PO} carries a current of 0-30 A,
Caleulate the magnetic induction at a point 120 mm from the conductor. 2
() A second long straight conductor RS is placed 120mm from PO, The
conductors are parallel as shown in Figure 14,
P R
= 21§ i —=
0-50 A & Y o75A
i S
Figure 14
Conductor RS carries a current of 075 A in the opposite direction to the
current in PQ).
Determine the magnitude and direction of the force per unit length
exerted on conductor RS by conductor PO, h
(5)
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9. (a) The circuit shown in Figure 16 contains an inductor, a resistor and a switch
connected in series with a cell of em £ 20V,
The cell has negligible internal resistance and the resistance of the inductor
is negligibl
The current in the circuit is measured using a computer interface.

20V
A /
Il

R
1 A,
I

interface

Figure 16

The switch is closed and the graph shown in Figure 17 is displayed on the
computer screen.

Current/mA

250

150 /

50
I Time/ms

0 10 20 30 4 50 &

Figure 17

(1) Explain why there is a time delay in the current reaching its steady value.
(1) Caleulate the resstance of the circuit.

(i) From l.ho'nph. the initial rate of change of current is estimated to be
20A87",

Caleulate the self inductance of the coil.
(iv) Caleulate the maximum energy stored in the inductor. 7

Past Paper Questions 3.2 Circuits 2 6
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9. (continwed)

(b} A resistor and an inductor are connected in series to & variable frequency

3 ®
] ®

Figure 18

signal gencrator

The supply voltage 15 kepr constant as the frequency of the supply is increased.
Srare and explain the changes in the readings on voltmeters V, and V. 3
(10)

Past Paper Questions 3.2 Circuits 2 7
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9. In the circuit shown in Figure 7 the battery has emf 12V and neghgible
internal resistance. The resistance of the inductor can be ignored.

E=12V

—b-—

_?W“_D_

L. R
Figure 7

The graph in Figure 8 shows the growth of current in the circuit after switch S
is closed.

ImA 100 g22s: ; T
90 Tt Fess
80
70
60 s
50
40 3 2 33333332
30 S ]
204 : 3333
10+ : : §iiis: 33333244 1331 %
P (333332338323332232 =521313233338333333 X Y
0 10 20 3o +0 S0
Figure 8

(@) State the magnitude of the back e.m £ at the instant the switch is closed. 1
() Upne the gruph to determine the initial rate of change of current. 1
(¢) Calculate the self-mductance of the coil. 2
(d) "The final steady current is %6 mA. Calculate the resistance of resistor R, 2
(¢) Calculate the maximum energy stored in the inductor. 2
(%)

Past Paper Questions 3.2 Circuits 2 8
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&. The force on a current carrying conductor in a magnetic field can be measured
using & top pan balance.
>
s s
X Y
; d.e.
A supply

/r.:r.r:.r 20 top pan
| balance

Figure 11

A magnet 13 placed on the balance. A rypnd copper wire s clamped so thar it

remains i & fixed pomtion between the poles of the magnet & shown in Figure 11,

{a) The reading on the balance increases when the switch 5 s closed.
State the polarites of X and Y. 1

(&) With no current in the wire, the balance is zeroed.

The reading on the balance is recorded for several values of current. These
readings and the associated uncertainries are shown in the following table.

Current/mA 0 100 £ 10| 200 £ 10) 300 £ 10| 400 £ 10|500 £ 10)600 £ 10

Readimgonbalonce/mg| 021 | 11 %20 | 2522 ) 3522 | 4822 | 582 | 75%]

Figure 12 shows the corresponding graph with the best fir line for the resdings.
(1) Caleulare the gradient of this line.
(i) Calculate the absolute uncertainty in the gradient. 5
(¢} The horizontal part of the rigid copper wire in the magnetic field has a
length of 0-060 m. It s fxed ar right angles to the direction of the magnetic

induction, Use the information obtained from Figure 12 to calculate the
magnetic induction between the poles of the magner.

I'he uncertainty in the magnenc induction s mod reguired. 3

Past Paper Questions 3.2 Circuits 2 9
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Marks
8. The circuit shown in Figure 14 contains an inductor, resistor and switch
series with a d.c. supply.

3

O+
o1

25Q 20H
Figure 14

The 20 H inductor has negligible resistance.
Switch S is closed. The current reaches & maximum value of 400 mA after a
time of 1-5 seconds,
(@) Explain why the current does not reach its maximum walue
immedsately. 2
() Calculate:
(1) the supply voltage V,;
(ii) the maximum rate of change of current;

(ki) the maximum energy stored in the inductor, 6

(¢) Switch S s now opened and a spark occurs across the contacts of the
switch. Explain why this happens. 2
(10)
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