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1.

A student makes the following statements about energy bands in different materials.

| In metals the highest occupied energy band is not completely full.
Il Ininsulators the highest occupied energy band is full.

Il The gap between the valence band and conduction band is smaller in semiconductors
than in insulators.

Which of these statements is/are correct?

| only

Il only

I and Il only
I and lll only
[, I and IlI

m O O m 1=

A student makes the following statements about conductors, insulators and semiconductors.

| In conductors, the conduction band is completely filled with electrons.
Il Ininsulators, the gap between the valence band and the conduction band is large.
Il In semiconductors, increasing the temperature increases the conductivity.

Which of these statements is/are correct?

A lonly

B llonly

C IMenly

D landllonly
E lland lll only
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The output from a signal generator is connected to the input terminals of an oscilloscope.
The trace observed on the oscilloscope screen, the Y-gain setting and the timebase setting
are shown.

f-i\i
i ~

AL
|l EANNER

divy]

VL
LA
\/ \l/

Y-gain Timebase

5

10@2 10@1

e\ TR
V/div

\ ms/div /

The frequency of the signal shown is calculated using the

timebase setting and the vertical height of the trace

timebase setting and the horizontal distance between the peaks of the trace
Y-gain setting and the vertical height of the trace

Y-gain setting and the horizontal distance between the peaks of the trace

m o N W 3

Y-gain setting and the timebase setting.

The output of a signal generator is connected to the input of an oscilloscope.

The trace produced on the screen of the oscilloscope is shown.

Idiv

div
The timebase control of the oscilloscope is set at 2 ms/div.
The Y-gain control of the oscilloscope is set at 4 mV/div.

Which row in the table shows the frequency and peak voltage of the output of the signal
generator?

frequency (Hz) peak voltage (mV)
A 0-5 12
B 0-5 6
c 250 6
D 500 12
E 500 24




5.

The output from an a.c. power supply is connected to an oscilloscope. The trace seen on the
oscilloscope screen is shown.

div

-

div}

The Y-gain setting on the oscilloscope is 1-0V/div.

The r.m.s. voltage of the power supply is

21V
3.0V
4-0V
4.2V
6-0V.

m o o @ »

A circuit is set up as shown.

&

The r.m.s voltage across the lamp is 12V.
The power produced by the lamp is 24 W.
The peak current in the lamp is

A 071A
B 1-4A
C 2-0A
D 2-8A
E 17 A.



A potential divider circuit is set up as shown.

+12VO—J—

ov o

3-0kQ2

—

7-0 k2

The potential difference across the 7-0kE2 resistor is

3-6V
4-0V
51V
8.4V
9-0V.

m 9o O m >

8.

A circuit is set up as shown.

The resistance of the variable resistor is increased and corresponding readings on the

ammeter are recorded.

Resistance (Q2) 2-0

4-0

6-0

3-0

Current (A) 2-0

1-5

1-2

1-0

These results show that as the resistance of the variable resistor increases the power

dissipated in the variable resistor

increases

decreases

A

B

C remains constant
D decreases and then increases
E

increases and then decreases.




A 20 uF capacitor is connected to a 12V d.c. supply.

The maximum charge stored on the capacitor is

m O O W I

10.

1-4x107°C
2-4 < 107%C
1-2x107*C
1-7 x10°°C

6-0 x 1077 C.

A circuit containing a capacitor is set up as shown.

6-0V

480 Q2

1202

1

I_

= 30,F

The supply has negligible internal resistance.

The maximum energy stored in the capacitor is

m O O @ >

5.4 x 107*)
3-5x 1074
1-4 x107*)
3-4 %1075
2:2 x 107,



11.

A circuit is set up as shown.

- —®
100
10Q
— |_ 100
! 5
V)

The battery has negligible internal resistance.

A student makes the following statements about the readings on the meters in this circuit.
I When switch 5 is open the reading on the voltmeter will be 6-0V.

I When switch 5 is open the reading on A, will be 0-60 A.

Il ‘When switch S is closed the reading on A, will be 0-80 A

Which of these statements is/are correct?

A lonly

B llonly

C land !l only

D lland il only

E ILllandlll
12.

The power dissipated in a 1200 resistor is 4-8W.
The current in the resistor is

A 0-020A
B 0-0404
C 0-204
D 5-04
E 25 A,
13.

A 24-0 puF capacitor is charged until the potential difference across it is 125V.
The charge stored on the capacitor is

A 521x10°C
B 7-75x1072C
C 150 107°C
D 3-00x107°C
E 1-92x107C.



14.

A circuit is set up as shown.

When the capacitor is fully charged the energy stored in the capacitor is

A 1-6x107)
B 1-3x107)
C 26x107)
D 1-6x1072)
E  1-6x10')

15.

The circuit shown is used to charge and then discharge a capacitor C.

C== pscilloscope
— -

Which pair of graphs shows how the potential difference I across the capacitor varies with
time ¢ during charging and discharging?

Charging Discharging
r

=

KT

T

=

r

=]

VRIS

v

=]

NV



16.

Five resistors are connected as shown.

The resistance between X and Y is

A 12Q
B 20Q
c 30Q
D 60Q
E 18082

17.

A circuit is set up as shown.

+ —_
——————O0 WV Oo———

6-082 5
120

6002

The internal resistance of the supply is nogligible.

Which row in the table shows the potential difference (p.d.) across the 12 Q resistor when
switch 5 is opan and when 5 is closed?

p.d. across 1260 p.d. across 1282
resistor when § is resistor when 5 is
open (V) closed (V)

A 30 18

B 45 45

C &0 45

D &0 72

E 72 60




18.

A circuit is set up as shown.

r—— - —-—— - —— ———

The variable resistor R is adjusted and a series of readings taken from the voltmeter and
ammeter,

The graph shows how the voltmeter reading varies with the ammeter reading.

voltmeter

reading (V)
6

0 I I |
0 1 2 3

ammeter reading (A)

Which row in the table shows the wvalues for the e.m.f. and intemal resistance of the
battery in the circuit?

e.m.f. (V) internal resistance (£2)
& & 2
B & k]
C 9 2
D 9 3
E 9 [

10



19.

The following circuit is sat up.

602 0

12V

_T 642 40

The reading on the voltmeter is

A ov

B FAY

C &V

D 8V

E 12V,
20.

The upward lift force L on the wings of an aircraft is calculated using the relationship

L=1pv*AC,

where:
p is the density of air
v is the speed of the wings through the air
A is the area of the wings
, is the coefficient of lift.

The weight of a model aircraft is 80-0M.

The area of the wings on the model aircraft is 3-0m?.
The coefficient of lift for those wings is 1-6.

The density of air is 1-29kgm 3

The speed required for the model aircraft to maintain a lovel flight is

A 2-5ms™’
B 3-6ms™"
C 5-1ms™"
D 12-9ms’
E 25-8ms.

11



11

12
13
14
15

16
17
18
19
20

10
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A car battery is conmected to an electric motor as shown.

P ——

m
S
The electric motor requires a large current to operate.

(a) The car battery has an e.m.f. of 12-8V and an internal resistance r of
60 = 107 L), The motor has a resistance of 0-05052.

(i) State what is meant by an e.m.f. aof 12-8V.

(ii} Calculate the current in the circuit when the motor is operating.

(iii) Supgest why the connecting wires used in this circuit have a large
diameter.

{b) A technician sets up the following circuit with a different car battery
connected to a variable resistor R.

F———— e m—y

Readings of current I and terminal potential difference ¥ from this
circuit are used to produce the following graph.

13

3



V) 14

13

12 T

1

10

(b} (continued)
Use information from the graph to determine:
{iy the e.m.f. of the battery;

{ii) the internal resistance of the battery;

(b} {(continued)

80
I(A)

(iii) After being used for some time the e.m.f. of the battery
decreases to 11-5V and the intermal resistance increases to

0-090 L.

The battery is connected to a battery charger of constant e.m.f.

15-0V and internal resistance of 0-45 £ as shown.

battery
charger

(A) Switch 5 is closed.

Calculate the initial charging current.

battery

(B) Explain why the charging current decreases as the battery

charges.

14



A defibrillator is a device that provides a high energy electrical impulse
to correct abnormal heart beats.

paddle A paddle B

The diagram shows a simplified version of a defibrillator circuit.

switch
sy paddle A

\ =

+

2:50kV —L_ 64pF H resistance

of patient

—

paddle B

The switch is set to position 1 and the capacitor charges.

(a) Show the charge on the capacitor when it is fully charged is 0-16 C.

(continued)

(b) Calculate the maximum energy stored by the capacitor.

Space for working and answer

MARKS

(c) To provide the electrical impulse required the capacitor is discharged

through the person’s chest using the paddles as shown

The initial discharge current through the person is 35-0A.

(i) Calculate the effective resistance of the part of the person’s body

between the paddles.



{c) (continued)

{ii) The graph shows how the current between the paddles varies with
time during the discharge of the capacitor.

current (A)

350

0 20 time (ms)

The effective resistance of the person remains the same during
this time.

Explain why the current decreases with time. 1

(iii} The defibrillator is used on a different person with larger effective
resistance. The capacitor is again charged to 2-50kV.

On the graph in (c)(ii} add a line to show how the current in this
person vares with time.

A student is describing how the following circuit works.

—— -4

] -
74

The student states:

“The electricity comes out of the battery with energy and flows through the
resistor using up some of the energy, it then goes through the LED and the
rest of the energy is changed into light waves.”

Use your knowledge of physics to comment on this statement.

16



A technician sets up a circuit as shown, using a car battery and two identical
lamps.

The battery has an e.m.f. of 12-8V and an internal resistance of 0-10£2.

I 12:8V i
-
. !
®
480
1
| S

(a) Switch S is open. The reading on the ammeter is 1-80 A.

(i) Determine the reading on the voltmeter.

(i) Switch S is now closed.
State the effect this has on the reading on the voltmeter.

Justify your answer.

(b) Some cars use LEDs in place of filament lamps.

An LED is made from semiconductor material that has been doped with
impurities to create a p-n junction.

The diagram represents the band structure of an LED.

| |
| |
| | -

I . I
:\.! ® ® ® ® ® ® conduction band

|
|
: band gap
[
0000000 NI
— ] o} valence band
p-type i i n-type

(i) A voltage is applied across an LED so that it is forward biased and
emits light.

Using band theory, explain how the LED emits light.

17



(11) The energy gap between the valence band and conduction band 1s
known as the band gap.

The band gap for the LED is 3-03 = 1077
(A) Calculate the wavelength of the light emitted by the LED.

(B) Determine the colour of the light emitted by the LED.

A technician sets up a circuit as shown.

P Q
o /—
+ 150mF ——
12V ® 19Q
56Q

The power supply has negligible internal resistance.

(a) The capacitor is initially uncharged.
The switch is moved to position P and the capacitor charges.
(1) State the potential difference across the capacitor when 1t is fully
charged.

(1) Calculate the maximum energy stored by the capacitor.

18



(b) The switch is now moved back to position Q.
Determine the maximum discharge current in the circuit.

Space for working and answer

(c) The technician replaces the 150mF capacitor with a capacitor of
capacitance 47 mF.

The switch is moved to position P and the capacitor is fully charged.
The switch is now moved to position Q.
State the effect that this change has on the time the lamp stays lit.

You must justify your answer.

& lamp is connected to a battery containing two cells as shown.

&

The e.m.f. of each cell is 1-5V and the internal resistance of each cell is 2-7 Q.

The reading on the ammeter is 64 mA.

(a) State what is meant by an e.m.f. of 1-5 V.

(b) (i) Show that the lost volts in the battery is 0-35V.
Space for working and answer

(ii) Determine the reading on the voltmeter.

19



(iii) Calculate the power dissipated by the lamp. 3

{c) In a different circuit, an LED is connected to a battery containing four

cells.
|15‘~.rr H_sv ’Hﬁw Irw
_‘—| 270 =| QH 279 11 2?9
| I— —_—- L - e C‘D
] —B
| I

The potential difference across the LED is 3-6V when the current is 26 mA.

Determine the resistance of resistor R. 4
An uncharged 220 pF capacitor is connected in a circuit as shown. MARKS
12V
3
e
22IDIMF 68000
I
S;
68000

The 12V battery has negligible internal resistance.

(a) Switch 5, is closed and the capacitor charges in a time of 7-5s.

Calculate the initial charging current. 3

(b) Switch 5, is opened.
The capacitor is discharged.
Switch S, is now closed and then switch S, is closed.

Explain why the time for the capacitor to fully charge is less than in
part (a). 2

20



8.

Solar cells are made by joining n-type and p-type semiconductor materials. A
layer is formed at the junction between the materials.

(3a) A potential difference is produced when photons enter the layer
between the p-type and n-type materials.

State the name of this effect.

(b) A student carries out an experiment using a solar cell connected to a
variable resistor R as shown.

solar cell

®

|I
Y
D
=5
A lamp is placed above the solar cell and switched on.

The variable resistor is altered and readings of current and voltage are
taken. These readings are used to produce the following graph.

current 40
(ma) ENE
-
\‘\
K
30 N
h,
20
i
0
10 !
i
i
0 ]

0-0 0-5 1-0 1-5 2-0 2-5 3-0 woltage

(b) (continued)

(i) Solar cells have a maximum power output for a particular irradiance
of light.

In this experiment, the maximum power output occurs when the
voltage is 2-1V.

Use information from the graph to estimate a value for the
maximum power output from the solar cell.

21



(ii) The lamp is now moved closer to the solar cell.

Explain, in terms of photons, why the maximum output power from
the solar cell increases.

A student constructs a battery using a potato, a strip of copper and a strip of
magnesium.

magnesium

potato

The student then sets up the following circuit with the potato battery
connected to a varable resistor K, in order that the electromotive force
(e.m.f.) and internal resistance of the battery may be determined.

T
)
. v,.ﬂ'”’f potato battery
,’E::j—4}——+j
L E
i el . p A
H""ll-.-_.:.—-
R

{a) State what is meant by the term electromotive force (e.m.f.).

22



(b} The student uses readings of current I and terminal potential difference
I" from this circuit to produce the graph shaown.

Foo

F{mv)

&00

500

400

300

200

100 o

0 20 40 &0 30 100 120 140 160 180
I {pa)

Determine the internal resistance of the potato battery.

{c} The student connects a red LED and a blue LED, in turn, to the battery.
The LEDs are forward biased when connected.

The student observes that the battery will operate the red LED but not
the blue LED.

The diagram represents the band structure of the blue LED.

p-type I I n-type
|
I I
1 1 electrons in
: -—— conduction
I | bamnd
I I
I
: band gap
I
|
|

electrons in
valence
band

LEDs emit light when electrons fall from the comduction band into the
valence band of the p-type semiconductor.

Explain, using band theory, why the blue LED will not operate with this
battery.

23



10.

A student carrfies ouwt a series of experiments to investigate alternating
current.

{a) A signal generator is connected to an oscilloscope and a circuit as shown.

oscillescope ¢ 1

signal
generator

green LED

The output of the signal generator is displayed on the oscilloscope.

div

| —]

div] i

[ A /
LINC LI LT

The Y-gain setting on the oscilloscope is 1-0¥/div.

The timebase setting on the oscilloscope is 0-5s/div.

{a) (continued)

(i) Determine the peak voltage of the cutput of the signal generator.

(ii) Determine the frequency of the output of the signal generator.

(iii) The student observes that the red LED is only lit when the
ammeter gives a positive reading and the green LED is only lit
when the ammeter gives a negative reading.

Explain these observations.

24



(b) The signal generator is now connected in a circuit as shown.
The settings on the signal generator are unchanged.

The signal generator has negligible internal resistance.

signal
generator

I

Determine the r.m.s. voltage across the 82 £ resistor.

11.

4 12 volt battery of negligible internal resistance is connected in a circuit as
shown.

g 12V
= Lo
rF T
®
500 Q2 47 pF
o
W

The capacitor is initially uncharged. Switch S is then closed and the
capacitor starts to charge.

(a) Sketch a graph of the current against time from the instant switch 5 is
closed.

Mumerical values are not required.

(b) At one instant during the charging of the capacitor the reading on the
ammeter is 5-0mA.

Calculate the reading on the voltmeter at this instant.

25



{c} (i) Calculate the maximum charge stored on the capacitor.

Space for working and answer

{ii} Calculate the maximum energy stored in the capacitor in this
circuit.

Space for working and answer

(d) The 500 £ resistor is now replaced with a 2-0k£2 resistor.

What effect, if any, does this have on the maximum energy stored in the
capacitor?

Justify your answer.

12.

Recent inmovations in capacitor technology have led to the development of
“ultracapacitors™. Ultracapacitors of a similar size to standard AA
rechargeable cells are now available with ratings of around 100F with a
maximum working voltage of 2-7V.

By comparison, A4 rechargeable cells operate at 1-5V and can store up to
3400 mA h of charge.

(charee in mA h = current in mA * fime im hours)

Use vour knowledge of physics to compare the advantages and/or
disadvantages of using ultracapacitors and rechargeable cells.

26



13.

A student is investigating how the magnetic field strength at the centre of a
coil of wire depends on the direct current in the coil.

The strength of the magnetic field is measured with a magnetic field sensor
placed in the centre of the coil. The sensor is connected to a computer as
shown.,

I/.— \ D computer
magnetic field sensor |

o oy

— e —

coil of wire

The computer displays values of magnetic field strength. The umit of
magnetic field strength is the tesla (T).

(a) The student designs a circuit to vary and measure the current in the coil
of wire.

The circuit symbol for a coil of wire is shown.

Y'Y Y

Draw a circuit diagram to show how the current in the coil could be
varied and measured.

(b} The following results are obtained.

Current in coil (A) Maenetic field streneth (T)
0-20 14 %107
0-40 24 =40
0-60 30=107"
0-80 36x107"
1-00 46 %107

Using the square-ruled paper on Paege thirfy-one, plot a graph of
magnetic field strength against current.

{c} The student concludes that the results show that there is a systematic
uncertainty in the measurements.

Suggest a reason why the student has come to this conclusion.

(d} The magnetic field strength B at the centre of a coil of wire is given by
the relationship VI

F

B=63x10"

where B is the magnetic field strength in tesla
N is the number of turns in the coil
I'is the current in the coil in amperes
ris the radius of the coil in metres.

The number of turms in the coil used by the student is 30,

Use this relationship and the gradient of your graph to calculate the
radius of the coil.
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{a) | (i) [12-8 T (of energy) is gained
by/supplied to 1 coulomb (of
charge passing through the battery)
(ii) |E=V+Irand I'= IR (1) Both reguired for 1 mark
E =I{R+r) If candidates start with this
expression, it gets the formula
12-8=10-0530+6-0 = 107y (1) mark
I=230A (1) Rrom=0-050 +6-0 x 107
=0-056 ()
I=ERr (1)
=12-8/0-056 (1)
=230 A (1)
accept I="V/R if sub corract
accept 200, 229 228-6
Or consistent with (a) (i)
(iii} [{Wire of large diameter) has a low Mot: motor requires large current,
resistance (1) on its own
or
to prevent overhaating (1) Mot: The wires will melt, on its
own.
or
eg
to prevent wires melting (1) wires melt (no justification) 0
marks,
thin wires could melt due to large
current 1 mark
{b) | (i) |[12-6V Mo tolerance
(i} |{gradient=—¢) Gradient = r is wrong physics,

gradient= (12 — 12-3)/{60-10) (1)
=—0-01 (1)
internal resistance =0-01 2 (1)

award 0 marks
gradient formula or implied (1)

calculating gradient (1)
or
E=V=+1I (1)
12-6=12 + 607 (1)
r=0-01Q (1)

If using this method, they must use
data from the line or points which
lie on the line.

Or consistent with (b) (i)
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iii) [(A 7 & t 6, 6-48, 6-481
(i) |[(A) I=I— ) ccep
R
{15-11-5)
= 1
(0-09+0-45) M
(0-00 +0-45)
=654 (1)
(B) [The e.m.f. of the battory Indopendent marks
incroasas (1) Accopt voltage or pd in place of
Difference between the two emf
e.m.f.s decreases (1)
or equivalent
Apply + rule
(a) c =E (1 Must start with formula
I.l'
o Maximum 1 mark if final answer not
—§ =
A =510 M shown
Q=0-16(C] Mote: € =2
I.l'
=_ 0
S0 =755
0=0-16
Is awarded a maximum of 1 mark for
the formula, as knowledge of units
has not been shown.
It is acceptable to work back to find
the value of capacitance.
(b) 1 Altomative methods:
E-—QV (1) .
—1 E =;CI’1 (1)
E=—+0-16x2-50=10° (1) 1 ,
2 = —x64x107%(2-50=10° | (1)
E=2001 1 =
M =2007 (1)
or
1¢°
E==—=— 1
>0 (1)
1 016
- 1
2 64107 M
=200J (1)

Note: max 2 marks if not = 107,
unless value shown as 0-064 = 1077,
which is acceptable or answer

quoted as 200 = 10° W or similar.
(treat as unit error)
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(c) | (i) v=IR (1) Accapt 71, 71-43, 71-420
2-50=10° =35.0xR (1)
R=7T1-402 (1)
(ii) | The voltage decreases (1)
(iii} [Smaller initial current (1) Line must b a curve to award the
Time t hoAisl 1 sacond mark
ims to reac is longer (1) Line must tend towards the time axis
to gain the second mark.
Do not worry about areas under the
lines being different.
3. Open Ended Question.
4,
(@ () | _ lost volts = Ir
r=R (1) lostvolts =1-80=0-10
V=1-80(4-8+0-10) (1) lost volts =0- 18V
V=882 (V) (1) V=IR
F=1-80x4-8
Voltmeter reading (= 12-8 — §-82) V=8-64V

=40V

(1)

V=12-8-0-18-8-64
V=4-0V

OR

E=V+Ir
12-8=V+(1-80 x 0- 10)
V=12-62V

V=IR
V=1-80x4-8
V=8-64V
V=12-62—8-64
V=4-0V

1 for all equations

1 for all substitutions

1 for all correct intermediate
values

1 for final answer

Sig figs:
Accept 4, 3-98, 3-980
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(Reading on voltmeter)/{voltage
across lamp) decreases (1)

(total) resistance dacroases/
current increases. (1)

lost volts increases/ I,
decreases/p.d. across 4-8 02
increases/share of p.d. across
parallel branch decreases (1)

Look for this statement first - if
incorrect then 0 marks.

‘Reoading on voltmetor
decreases’ on its own is worth 1
mark

Any wrong physics in
justification then maximum 1
mark for the statement

Last 2 marks are independent of
each other

Can be justified by calculation
(Riamp 15 2-2 02, T = 241 A, gives
I'=2:3V)

(b)

(Voltage applied causes) glectrons
to move towards conduction band of
p-type/ away from n-type (towards
the junction) (1)

Electrons move/ drop from
conduction band to valence band

(1)
Photon emitted (when electron

Look for reference to either
conduction or valence band
first. Otherwise 0 marks.

Bands must be named correctly
in first two marking point og not
valency and not conductive

Any answer using recombination
of holes and elactrons on its

own, with no reference to band
thoory, is worth O marks.

Must be directional

Any wrong physics eg holes
maove up (from valence band to
conduction band)- 0 marks

This mark is dependent upon

drops) (1) having at least one of the first
two statements
(i) E=hf Alternative:
(&) 3-032107° =6-63=107 < F (1) g-le (1)
f=4-57=10" (Hz) ;
Correct substitution (2)
v=f. (1) for both equations (1 for £ and k; 1 for c)
Final value of % (1)
3%10° =4.57=10" < 4 (1)
. . ; Sig figs:
A=6-56=10"m (1) Accept 6- 6 x 1077,
6-564 % 1077,
f - 5644 % 1077
(ii) | Red (1) or consistent with (A)

If wavelength stated in this
part, then colour must be
consistent with this value
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(a) | () |12V Accept 12-0V
(i) [E=%CV? (1) Or consistent with a(i)
E=%x150% 10" x 12° (1) L
Sig figs:
10-8 J
10-80 J

0=CV andE=%QF

OR
TTr p— ]' g‘
O=CT andE—E? (1)
Both substitutions (1)
Final answer (1)
(b) (Rr=56+19=75 [0)) Or consistent with afi)
i:'?
I= z (1) Candidates can arrive at this
12 answer by alternative methods.
I=— (1)
75 g
Sig figs:
=016 A (1) n-gz fS
0-160 A
0-1600 A
(c) (Lamp stays lit for a) shorter Look for this first
time (1)

(as smaller capacitance results in)
Less energy stored / loss charge
stored (1)

Must provide relevant
justification which is not wrong

phiysics.

If wrong physics - 0 marks.

E is less bacause E =% C I*is
accoptabla.

If candidate says the current

stays the same, thoy must
identify it is tho initial current.
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(a)

1-5 7 (of energy) is supplied
to/gained by each coulomb (of
charge passing through the cell).

Accept ‘given to’..

Accept ‘battery’/‘source’.

(b} | (i) [lostvolts =Jr 1 HSHOW™ question.
Must start with a correct
lost volts = 64 =« 10°% = (2 = 2-7)1 formula.
Accept F=IR
lost volts = 0-35 W Accept 5-4 as substitution for *r’
Accept working out lost volts for
one cell, then doubling.
{ii} |¥F=2-TVF Must use 0-35 17
Do not accept 3V on its own,
but if 3V is clearly shown as a
rounded value - 1 mark.
(iit) |P=1IF 1 Or consistent with (b)(iiy
P=64 < 10% « 2-7 Sig figs:
P=0-17 W 1 Accept 02, 0-173, 01728
(c) F=E-Ir 1 mark for guoting both
F=60-26=10%x(4=2-T0) 1 formulae - explicitly or implied.
F=5T192 (I
Sig figs:
i accept 80, 81-5, 81-51
R= T" (both formulae) 1
5.7192-3.4 Alternative methods:
= 1 -
26107 R = I_
k=820 1 I
6.0
R o=———==210-8(11)
T 26x107 (
7
-H. = —
LED I
1.6
R, =——=138.5(2
R 26107 (
R=230-8-(138-5+10-8)
R=81n0
(a) F=IR 1 Sig figs:
12 == 6800 1 Accept 2, 1-76, 1765
I=1-8=10%4 1
(b) The (circuit/total) resistance is Independent marks.
less 1
Accept:
Initial charging current is Average current is greater
greater 1 OR

The current at any given time is
greater.

‘Current greater’ on its own is
not sufficient for 2™ mark.
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(@)

Photovoltaic {effect)

(b)

(i}

I=35md (from graph)
P=IF

(P=0-035 = 2-1)
P=0-074 W

P=]F anywhere, 1 mark.

Sig figs:
Accept 0-07, 0-0735

Accept a value for I between
34-5 and 35 mA inclusive.

I=34-5md gives P=0-073 W

Sig figs for above:
Accept 0-07,0-0725,0-07245

(ii)

the solar cell) per second

Greater number of photons (strike

The answer has to imply a
‘rate’.

Any correct statement followed
by wrong physics, 0 marks.

move into/towards the conduction band of

the p-type.

9.
(a) The number of joules/enargy gained 1 | Accept unit charge for 1
by /supplied to 1 coulomb (of chargo coulomb.
passing through the cell).
(b) ~ (290x10° —470%10°) 3 | Accept: 4000
gradient = — - E_' (1)
(105>107 -55x107) Gradient = r is wrong physics,
award 0 marks.
gradient = — 3600 (1)
subs into gradient formula (1)
(eradient = 1) calculating gradiont (1)
Altemnative method:
r=3600 (2 (1) _
E=F+Ir (1
670x107° =400=107° +75x10"r (1)
r=23600 12 (1
(c) The electrons do not gain enough energy to| 1 | Electrons in conduction band (of

tha n-type) do not gain enough
onargy to move into/towards the

p-type.
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10.

(a) | (i) (3%1.0=) 30V 1) Accept: 3, 3-00, 3-000
(i) P 1 (1) Accept: 0-50, 0-500
T
1
f-i (n
f=0.5Hz o
{ifi} [ The LEDs will light when they are forward Independent marks
biased. (1)
LEDs will only conduct in one
direction (1)
The change in polarity of voltage changes
the biasing. (1)
ldentifying current/voltage has
changed direction (1)
Do not accept ‘different direction”
alone.
One LED conducts during one half
of the cycle the other LED
conducts during the other half of
the cycle,
(b} (R OR consistent with (a)(i)
Fr=| = |V n
\R+E ) Accept: 1, 1-18, 1-160
82 ) Alternative Methods:
| —=—= %30 i1
L 68+82 )
Veu =N, &
¥, =1.64 (V)
3.0=471, (1)
Vo =427, (1
¥ =2-12132034 (V)
1.4 =421 _ 1
A e
¥ =12V R+ ) (1
(n
= |x2 1213208 (1)
. 68+82 )
11.
a (current)
(1) or (0)
0 time
b 7, =IR
=5=107 = 300 (1)
=2.5(\) (1)
Fe=12-2.5 (1)
=95V (1)
c| i|g=CT (1)
=47 =107 =12 (1)
=5.64x107 C (1)
clii | poLop? (1) Must use 12 V — otherwise
- I . max 1 for correct formula.
=0-5=47 =107 «12° (1)
=3.4%107° 71 (1) Alternative:
o=CT
= 47107 %12
=5.64x107 (C)
=3.4x1077J
(1) for both formulae
(1) for both substitutions
d Max energy the same/“no offect” (1)
Values for “C" and “V™ are the same as before
(1)
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12 OEQ

13.
|a Suitable components selected and circuit Values not required
symbols correct (1)
Accept
suitable circuit {ie it would work) (1), eg l_
OR -4 —
I
resistor must be variable {unless variable
supply used).
b MmNt fhevd strandth (7] 3 marks for a fully correct
N graph.
Axes labels must have both
ax0” the name of the guantity and
its umnit.
Igin
Each point must be plotted to
S within + a half scale division.
10 There must be a single,
] straight, best-fit line through
the points.
o T T T T |
0z o4 06 08 10 A non-linear scale on either
CLAPFENE [A) - -
axis is wrong and prevents
access to any marks.
e (the graph 1s a straight line that) does not pass
through origin
OR (1)
the magnetic field strength is not zero when the
current is zero
| d ) N Accept:
cradient =§-3 =10 - (1) 3-6% 107" to 4.0 = 107
B-lel}-*:ﬁ-ﬁflﬂ'?ﬂ (1) If values of B and T
r (from the table or the
r=0.05m (1) graph line) are used in
the formula, 0 marks.
- — 3. -4 -1
gradient of graph = 3-8 =107 (TA™) (1) 0-0497 m; 0-04974 m
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