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(b} Some conducting puity is moulded into different cylindrical shapes. The putty has resistance
of 36 Q when it has length / and diameter d.
Complete the table below for different cylinders made from this putty.

length diameter resistance /)
{ d 36
31 d
[ 2d
51 2d
[3]
[Total: 8]

3 (a) Thermistors and light-dependent resistors are useful components in potential divider circuits.

(i)

(ii)

(iii)

© OCR 2008

Draw the symbol for a thermistor and describe how the resistance of a negative
temperature coefficient (NTC) thermistor is affected by temperature.

Draw the symbol for a light-dependent resistor and describe how its resistance is affected
by the intensity of light.

Draw a potential divider circuit that may be used to monitor the intensity of light in a
room. You are not expected to show any values of the components used.

(2]
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(b) (i) On the axes below, show how the resistance of a pure metal conductor in the form of a
wire depends on ifs temperature.

A
resistance

]
0 100 temperature/°C
[1]

(i) In this question two marks are available for the quality of written communication.

Describe an experimert to determine how the resistance of a wire varies with its
temperature. Assume that no ohmmeter is availabie.

Quality of Written Communication {2]

[Total: 14]

© OCR 2008 [Turn over
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2822 Mark Scheme June 2008

Question Expected Answers Marks Additional Guidance
i Must show ticks on the script fo indicate where marks are
being awarded

Place the wire in a (water) bath / use a Not ‘heat the wire’
hot plate / oven - B1

Any remaining four from:
Bl1x4 Numbered marking points 1 and 2 can be scored on diagram or in
1. Connect conductor / wire in series with a the text but all others marking points must be written
battery / cell / power supply
2. Ammeter placed in series (with wire) /
voltmeter placed in parallel (with wire)
3. Record / read / measure current / voltage
(across the wire) (AW)

4. (Calculate the resistance using the Not ‘V = [R’ for numbered marking point 4
equation:) R HW
> %ﬂﬂmﬁﬂﬂ% ter / temperature probe Not ‘Plot a graph of R against temperature’ for numbered marking
6. Measurements (for V and /) repeated for point 6
different temperatures
Qwc For QWC marks, the answer must involve physics, which attempts

to answer the guestion — otherwise the mark for QWC is zero.

Structure and organisation mark B1 Award this mark if the whole answer is well structured
Bulleted answers are allowed - must have full stops

Spelling and Grammar mark B1 More than two spelling mistakes or more than two grammatical
errors mean that this mark is lost

13



P 11

2 Th"e force on the wire is the result ofe/e@rc\;ae etectron within the wire
a force as it travels in the mag tic field between the poles. THe v

‘,-cross-sectlpnai area 1.2x 107 m nd it contains 8.5 x 1028 free eléctrons per cubic

/metre (m3)} Calculate the av17 force expe |enced by one of thése free electrons.

X\'* -":‘ \/
\ ;
" .
\n“«._ ‘../H

J

FOMCE = (i e e e N [2]
[Total: 91
5 (&) A batftery delivers a constant current through a circuit when a switch is closed at time = 0.
(iy On Fig. 5.1, sketch a graph to show how the total charge that has been supplied by the
battery varies with time t.
i
Q
0 -
0 t
(11
Fig. 5.1 4
(ii) The battery delivers a constant current of 5.2 A for a time of 3.5 hours. Calculate the total
charge supplied by the battery after a time of 3.5 hours.
ChArge = .ccceeireee e e unit ........... 3]
© OCR 2009

Turn over
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(b) Fig. 5.2 shows an electrical circuit.

X Ik

|

Fig.5.2.
The switch S is open. The battery has e.m.f. 12V and an internal resistance 0.48 Q. The three
lamps are identical, each of resistance 3.6 Q2. The filament of each lamp is a coiled wire of cross-
sectional area f 2.0 x 1078 m?. The material of the filament has resistivity 7.9 x 1077 Qm.

(i) Calculate the length of the filament wire in each lamp.

length = .o m [3]
(ii}y With the switch S open, determine
1 the total resistance of the circuit
total resistance = ... s Q2]

© OCR 2009
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{c)} Electromagnetic waves are incident on the surface of a particular metal. Fig. 6.1 shows a

graph of the maximum kinetic energy KE__, of the electrons released from the surface against

the frequency f of the electromagnetic waves.

_ i
KE,

max

- Fig. 6.1
(i) OnFig. 8.1

1 mark with a letter F a point corresponding to the threshold frequency of the metal

(1]
2  mark with a letter W on the vertical axis a point corresponding to the work function
energy of the metal. [1]

(ii) State and explain how the graph of Fig. 6.1 will change when a metal of higher work

function energy is illuminated by electromagnetic radiation. You may support your answer
by drawing on Fig. 6.1.

© QOCR 2008
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13
2 the current from the battery.

CUITBIT = oiveeieeieceecrer s srrrree s s essesse e rrmensnenanes AN

(iii) With the switch S closed, the current in the resistor R is 20 A. Explain why the lamps dim
when the switch is closed.

...........................................................................................................................................

light, but not when /{t is illuminated by very intense red light.

...............................................................................................................................................
...............................................................................................................................................

Turn over




2822 | Mark Scheme June 2009

Question Expected Answers Marks Additional Guidance
5| a i | Straight line (by eye) B1
i|o=1 | c1
=5.2%(3.5x3600
O X (3.5 4 ) Al Allow 2 sf answer
charge = 6.55 x 10 Allow 6.6 x 10°
unit: coulomb / C ’
B1 This unit mark is an independent mark
b i R PL c1 Allow any subject
4 2 c1
I 3.6x2.0x10
7.9%x1077 A1l Bald 9.1 x 10 m scores 3/3
length = 9.1 x 102 (m)
ii . 3.6 c1
1. | resistance of lamps = ﬂmn 1.2)
total resistance = 1.2 + 0.48 . ;
total resistance =1.68 Q A1 womm_c_m ecf from above step for resistance of lamps
in paraliel
Allow 1.7 QO
i 12
5 |current = —-
) 1.68

B1 Possible ecf

current 7.1(4) (A) Allow 2 sf answer

ili | Appreciation that ‘internal resistance’ is responsible for B1
dimness
(Larger) voltage across internal resistance / less p.d across B1
lamps

12
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(a)

(b)

® OCR 2009
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Answer all the questions.

Define the ohm.

Fig. 1.1 shows the I/V characteristics of a resistor {resistance wire) and a filament lamp.

6

5
1/A -

Ao,

Fig. 1.1
(i) State how the resistance varies with the potential difference V

1 across the resistor




5

(i}  State the value of the potential difference when the resistor and the filament lamp have
the same resistance. Explain your answer.

(iii) The filament lamp and the resistor are connected in parallel to a d.c. supply of e.m.f.
4.0 V. This supply has negligible internal resistance. Use Fig. 1.1 to determine the total
resistance of the circuit.

FESISIANGE = ..veiereiie i virrire s re e e Q [3]

[Total: 8]

© OCR 2009 Turn over
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4

Answer all the questions.

{a) The J/V characteristic of a particular component is shown in Fig. 1.1.

(i)

(i)

(iii)

© QCR 2009

2.0 -
I/IA Pz
1.0 7 .
/;’
7
0
0 2.0 4.0 6.0
ViV
Fig.1.1

Name the component.

According to one student, the ‘gradient of the graph at 2.0V can be used fo defermine
the resistance of the component at 2.0V’
Explain why the student is wrong.

Determine the resistance of the component at 2.0V.

resistance = .o Q2]
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{b) Fig. 1.2 shows a skefch graph of the variation of resistance R of a different component with
potential difference (voltage) V.

R /

0 -V
0
Fig. 1.2
)
1
0 s
0
Fig.1.3

Complete Fig. 1.3 by drawing a sketch graph to show the I/V characteristic of the component.

[2]

® OCR 2009 Turn over
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(¢) Fig. 1.4 shows an electrical circuit containing & semiconductor diode.

1200

|
| S

e () @

diode

Fig.1.4
This diode has a very low resistance when it conducts. It has an infinite resistance when
the potential difference across it is less than 0.6V. The variable supply is adjusted to give a
reading of 0.4V on the voltmeter,
(i) State the current in the 120Q resistor.

CUITENE =2 L e A[1]

(i) State the potential difference across the diode.

potential difference = ... V1]

[Total: 8]

@ OCR 2009



2822

Mark Scheme

2822 Electrons and Photons

June 2009

Question Expected Answers Marks Additional Guidance
1 a | i | (Filament)lamp{bulb B1
ii ) LV ) B1 Allow Resistance is the ratio of Vand /.
Resistance is T (and not the gradient) — wite Not units in definition
iii Cc1
current=12(A) / R= WWO
resistance = 1.7 (Q)) A1 Bald 1.7 (Q) scores 2/2 marks
b Straight line through the origin (for first three squares for V} B1 These are independent marks
Correct curve (after three squares of V)
‘ B1
¢ | i [current=0(A) B1
ii | potential difference = 0.4 (V) B1
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2 ({(a) Draw a line from each of the named components on the left-hand side to the correct /-V
characteristic on the right-hand side.

I
metallic wire at constant temperature 0
0 14
!
semiconductor dicde
0 .
0 v

filament lamp

[1]

@ OCR 2008
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{b) In this question, two marks are available for the quality of written communication.
Explain, in terms of resistance, the shape of the I-V graph for each component below.

(i) Metallic wire at constant temperature.

Quality of Written Communication [2]

fTotal: 9]

© OCR 2008 [Turn over




2822 Mark Scheme Jan 2008

1

(a) Correct symbols for the cell (not battery), resistor and thermist B1
Correctly drawn circuit ; B1

(b)iy V=IR / V =0.005%120 C1
potential difference = 0.60 (V) Al

(bXi) V=14-06(=08YV) ossible ecf) C1

_ 0.8
0.005
resistance = 160 A1
(c) B1
B1
[Total: 8]

2

(a) Al -V graphs identified correctly B1

(b)(i) The resistance / R remains constant B1
1= V[ Graph has a constant slope / gradient / Obeys Ohm’s law B1

(b)(ii) R is infinite / large when: 7= 0/ no conduction / ‘reverse’ direction / ‘up to a
point’ / negative V/ negatively hiased B1
Ris small f decreases / low{er) when: [ is not zero / there is conduction / ‘positive’ direction
/ ‘beyond a point’ / positive V / positively biased B1
{No credit for ‘conducts in one direction only")

{b}ii) The resistance increases as I (or V) increases B1
The temperature increases (as / increases) / more electrons collisions (with the vibrating
atoms / ions) B1
QWC
The answer must involve physics, which attempts to answer the question.

Structure and organisation -

Award this mark if the whole answer is well structured. B1
Spelling and Grammar mark -

More than two spelling mistakes or mare than two grammatical errors means

the SPAG mark is lost. B1

[Total: 9]
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Answer ali the questions.

Fig. 1.1 shows the I—V characteristic of a filament lamp.

300

200 - .
current 7
/mA

100 p

0

o 1 2 3 4 5 &

p.d./V
Fig. 1.1

(a) Explain how the graph of Fig. 1.1 shows that the filament lamp does not cbey Ohm'’s law.

(b) You are to carry out an experiment to obtain the /—V characteristic shown in Fig. 1.1

(i) Draw a suitable circuit diagram for your experiment in the space below. [2]

© OCR 2013
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(iiy Describe how you would carry out the experiment.

/ in your ahswer you should make clear how you make the measurements to obtain the
data for the characteristic.

(c) The lamp is connected in parallel with a resistor of resistance 202 to a 6.0V d.c. supply of
negligible internal resistance. Use Fig. 1.1 1o calculate the current [, drawn from the supply.

(d) The circuit is rearranged with the lamp connected in series with the 2082 resistor to the
same 6.0V supply.

(i) On Fig. 1.1 draw the 7-V characteristic of the resistor. [1]

(i) Use your answer to (i) and Fig. 1.1 to determine the current I drawn from the supply.
Explain your method.

[Total: 14]

©O0R 2013 Turn over



G482 Mark Scheme January 2013
Question Answer Marks Guidance
1 {{a) V is not proportional 1o | B1 accept statement of Ohm’s law for 1 mark
the characteristic/line is a curve/not a straight line B1 not resistance is not constant/AW
(b) [ (iy | variable power supply or fixed supply + potential divider B1 value of power supply not required
ammeter in series with and voltmeter in parallel with lamp B1 accept cross or 0 in circle for lamp symbol
penalise each extra component connected (up to two)
A {iiy | vary p.d. {across famp)/current (in circuit) B1
A by changing valtage supply/maving cantact on the polential B1 accept increase voltage in steps of 1 VAW
A divider accept as ecf changing variable resistor in series in circuit
take/record set of values of V and | B1 QWC mark
{c) From Fig. 1.1 lamp I, =0.25 A G1 1 mark for each current; 1 mark for lg + Ip
forRIg=6/20=030A C1 or R, = 6/0.25 = 24 ; Rs in // gives Ry = 10.9;
s0 ip = 0.55 {A) Al s0p=6.0/109=055A
(d) | {i) | straight line through erigin and 300,6 B1
(i) | appreciation that p.d.s across hoth components add to 6 V B1 accept answers in terms of lines drawn on fig.1.1 or
attempt to find where current is the same in both components B1 description of using ruler horizontally on graph and adding
ls=0.168 10 0.17 (A) or 165 £+ 5x 107 A or 165 + 5 mA squares acrass graph,etc.
B1 ecf {d}{i)
Total 14
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Answer all the questions.

1 A set of Christmas tree lights consists of 40 identical filament lamps connected in series across a
supply of 240V,

(a) Define resistance.

.............................................................................................................................................. 11
(b) Each lamp when lit normally carries a current of 250 mA.
Calculate
(i} the potential difference V across a lamp
Vo e s vV [1]
(i) the resistance R of alamp. .
B oo e s Q [2]

{(c) Fig. 1.1 shows the results of an experiment to find how the current in one of the lamps varies
with the potential difference across it.

300
current/mA
200
100 -
’f
0
o 1 2 3 4 5 6
p.d./Vv
Fig. 1.1

© OCR 2008
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(i) Draw a diagram of the circuit that you would use to perform this experiment.

[3]

(iiy The resistance of the lamp when at room temperature is 10Q. Using Fig. 1.1 sketch a
graph on the axes of Fig. 1.2 of the variation of resistance R with current for the lamp.

)

T 1 1
0 100 200 300
current/mA

Fig. 1.2
[2]

(iii) Explain why the resistance of the lamp varies as shown by the graph you have drawn on
Fig. 1.2.

© GGR 2009 Turn over
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(d) In an alternative design for the set of Christmas tree lights, a 100 resistor is connected in
parallel with each lamp.

(i) Describe what happens to the brightness in each set of lamps when one lamp filament

burns out.
F OMQINAT SO ot et
...................................................................................................................................... [1]
D AHOITIAIVE SEBE ..oooioiteirieeee e e eeeees sttt ee e ee bbbttt Rttt e e e e e e ane e e et e i s
...................................................................................................................................... [1]
(i) Calculate the current drawn from the supply for the alternative set of lamps with all lamps
working.
CUIENT = e A [3]

[Total: 16]

© 0OCR 2008




Ga82 Mark Scheme June 2009
Question Expected Answers Marks Additional Guidance
1 (a) resistance = p.d.fourrent B1 accept voitage instead of p.d.; ratio of
voltage to current; voltage per (unit) current
not R = /L or p.d. = current x resistance or
p.d. per amp or answer in units or voltage
over current
(b) [( 6V B1
(i) | R=Wil=6/0.25 c1 ecf {b){i) 240 V gives 960 0
=24 () Al award 0.024 O 1 mark only (POT error)
(c) [ () |8V supply with potential divider ‘input’ across it and lamp across p.d. B1 accept 0 — 6 V variable supply with lamp
‘output’ across it
ammeter in series with lamp B1 not variable R in series with supply
voltmeter across lamp B1 circuit with no battery present can only
score volimeter mark
{ii) | non-zero intercept B1 curve must reach y-axis
line Indicating increasing value of R with current B1 accept straight line or upward curve
{iii} | resistivity/resistance of filament wire increases with femperature B1 accept any two of the four staterments
the temperature of the lamp increases with current/voltage increase B1 accept AW, e.g the lamp heats up because
more frequent electron-ion/atom collisions/AW of the current
increased icn vibrations
{d} | (i) |lamps do not light B1 ignore reasons unless too contrary
remaining lamps are lit with qualification B1 qualification could be mare dimly or
sensible explanation
(i) | using resistors in parallel formula to obtain a value of R per unit C1 eg takes R of bulb = 10 () giving R per unit
Rperunit=19.4 Qor R total =774 Q C1 = 9.1 {3 gains first mark only
| =6/19.4 or 240/774 =0.31 A Al ecf (b)(i)ii)
accept R of resistors = 4000 (;
current in chain = 0.06 A,
total current = 0.06 + 0.25=0.31 A
0.3 Ais SF error so gains 2 marks only
apply SF e only once in paper

10
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Answer all the questions.

1 Fig. 1.1 shows the /-V characteristic of a 6.0V 1.5W filament lamp.

300
current/mA u
200 y
100 ;
4

0
0 1.0 20 30 40 50 6.0
p.d./V

Fig. 1.1

(a) (i) State how Fig. 1.1 shows that the filament lamp does not obey Ohm’s law.

(i) Explain how Fig. 1.1 shows that the resistance of the filament lamp is about 10Q when
the current is between zero and 50mA.

(2]
(iii) Explain why the resistance of the filament lamp is much larger (about 25Q) at 6.0V.

@ OCH 2014
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(b) A student designs a circuit for a night light using the filament lamp of part (a) and a light-
dependent resistor (LDR). The circuit is shown in Fig. 1.2.

25Q

&

Fig. 1.2

This LDR has a resistance of about 1Q in daylight and 10002 in the dark.

Show that the circuit will cause the lamp to be off in the day and on at night as jong as the
light from the lamp does not shine on the LDR.

In your answer you should explain clearly with or without calcufation how the circuit functions
fo cause the lamp to be off in daylight and on in the dark.

[Total: 10]

@O00R 2014 Turn over



G482 Mark Scheme June 2014
Question Answer Marks Guidance
1 la |i V is not proportional to | B1 accept not a straight line; R is not constant
ii |R (approximately) constantupto V=05V and = 50mA B1 allow graph is (almost) linear/straight (fto V = 0.5V}
or constant gradient
so R=0.5/0.05 =10 (Q) B1 aliow any correct calculation, e.g. 0.2/0.02
iii | the resistivity/resistance of the (metal) filament increases with
femperature B1 larger current heats filament
the larger the current in the filament the hotter it bacomes/AW B1 S0 resistance increases
or electran-ion collisions increase/AW, allow atom
for ion
b Any potential divider argument or calculation B1 QWC the arguments must be clear for full marks
in the light parallel combination less than or about 1 Q/AW B1 allow Ri.mp = 10 to 25 £ for any calculation
s0 V across lamp less than 0.5 V (so lamp out)/ small compared B1 or comparison of voltage across 25 Qta 10
to V across 25 N.B. answers given in terms of current are likely to
SCOTE ZETO
I the dari parallel combination about 25 Q/AW B1
s0 V across lamp approximately 6.0 V so lamp on B1
Total 10




26 (a)
(h)
© OCR 2014

24

Filament lamps are being replaced by LED lamps in many large organisations. LEDs are low-
powered devices.

(i}  Apart from cost, state one major advantage this can have on the environment.

(ii) A light-emitting diode emits photons of a specific wavelength. The intensity of the light
emitted from the LED is doubled.
Explain the effect this has on the energy of a photon.

....................................................... ” . 2]

Fig. 26.1 shows part of the apparatus for an experiment i
slice of graphite (carbon atoms) and emerge to.produce «

ectrons pass through a thin
niric rings on a fluorescent screen.

electrons

fluorescent
soreen

Fig. 26.1

in.how:this experiment demonstrates the wave-nature of electrons.

H156/01 Turn over
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(ii) The beam of electrons in the apparatus shown in Fig. 26.1 is produced by accelerating
electrons through a potential difference of 1200 V.,

Show that the de Broglie wavelength of the electrons is 3.5x10" ! m.

2]

(iii) When de Broglie first put forward hs  nowito the scientific community. Describe

one way in which they could validate h

idea i

I

END OF QUESTION PAPER

H156/01
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BLANK PAGE
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H1586/01 Mark Scheme June 26XX

Question Answer Marks Guidance

26 | {a) | (i) | Less energy used from power stations, which in turn produce less
carbon tioxide emissions and hence less environmental damage
or

Infrequent need for disposal of LED lamps has less impact on
landfili sites or use of natural resources.

(ii) | The energy of a photon depends on the wavelength or frequency.,

Energy does not depend on intensity therefore energy of the
photon is the same.

{b) | (i} | Electrons behave or fravel as waves.

The rings demonstrate that the electrons are diffracted by
individual carbon atoms / spacing between carbon atoms,

The (de Broglie) wavelength of the electrons is comparable &
‘size’ of the carbon atoms or the spacing betwgen carbon atos

| . 1.6x107 x1200

yio 0D A = 2,053, 6107 § 1 -
1570 11x10-" €1 | Correctuse of 2 mv* = eV

B 6.63%107 c1
9.11x 107" % 2,053 %10
wavelength = 3.5 x 10 {m
(ifi} | Results publisheq:_ic';-éra'lféw peerrgview B1
Procedure shared with othérscientists to allow replication
k T Total 9

13
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4
Fig. 2.1 shows the I-V characteristic of a light-emitting diode (LED).

40
Fi
Fi
30 /
i
f
I/1073A
20
Fi
r
10
Y
0 =T
1.2 1.4 1.6 1.8 2.0
ViV
Fig. 2.1
(@) (i) UseFig.2110o
1 state the value of the resistance A below 1.4V.
2 =T Q1]
2 determine the resistance R of the LED at V=1.8V.
ettt Q[2]

(i) At voitages V above 1.8V, state whether the resistance of the LED increases, remains
the same or decreases as V increases. Justify your answer.

/ In your answer you should link features of the graph info your justification.

©QCR 2012




5

(b) A circuit is set up to obtain the /~V characteristic shown in Fig. 2.1. It consists of a variable
0-6.0Vd.c. power supply connected in series to a 100 Q resistor and the LED. Fig. 2.2 shows
the variable supply. Draw the resistor, LED and suitable meters on the diagram between

terminals X and Y to complete the circuit required for the experiment. 4]
X
0
0-6V _,_Z
dc. /
Y
0
Fig.2.2

(c) One or more LEDs are often used in places where, in the past, a filament lamp would have
been used.
Give one example of such a situation.
Explain one advantage of using LEDs in place of a filament lamp in the situation you have
chosen.

[Total: 12]
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G482 Mark Scheme June 2012
Question Answer Marks Guidance ..
2 | (@) | ()1 | infinity B1 accept symbol
@ | 2| R=1810x10° c1
R =180 Q Al 0.18 Q scores 1 mark
A | (@) | (i} | resistance decreases B1 a
A because | increases more than V B1 accept calculation at second vaius, e.g. at 20 R =53 0,
A therefore since R = V/i value decreases/AW B1 with comparison
OR at two other values
QWC mark for second marking point
A | (b} correct symbol and direction for LED B1 | circle not essential, internat Jine optional
A R in series with LED across XY B1 no variable resistor
A ammeter in series B1
voltmeter in parallei with LED only B1
(c) torch; car brake/rear light/ fraffic light, etc. M1 | suitable example
torch; draws a lower current / light lasts longer before A1 accept any one sensible statement, include longer life, more
battery discharged/AW durable
or LEDs {(much) more efficient (at converting electrical contradictory statements score zero
energy into light)/AW
or if one LED fails remainder still litAW
Total 12
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8

Fig. 4.1 shows the /-V characteristic of a biue light—émitting diode (LED).

20

current/mA /

10 ,
0
0 1.0 2.0 3.0
p.d./V
Fig. 4.1 Fig. 4.2

(a) (i) The data for plotting the -V characteristic is collected using the components shown in
Fig. 4.2. By drawing on Fig. 4.2 complete the circuit showing how you would connect the
two meters needed to collect these data. [1]

(ii) When the current in the circuit of Fig. 4.2 is 20mA calculate the terminal potential
difference across the supply.

terminal p.d. = .o V [3]

(b) The energy of each photon emitted by the LED comes from an electron passing through the
LED. The energy of each blue photon emitted by the LED is 4.1 x 10714,

(i} Calculate the energy of a blue photon in electron volts.

EREIOY ™ oiiiiiiiriieereareeremneseaeannreeeseeneemenas eV [1]

(ii) Explain how your answer to (i) is related to the shape of the curve in Fig. 4.1.

©OCR 2014




{c) Calculate for a current of 20mA

(i) the number n of electrons passing through the LED per second

(i) the total energy of the light emitted per second

ENEIGY PEF SECONA = 1ueereicreserriees e Js[2]

(ili) the efficiency of the LED in transforming electrical energy into light energy.

effiCiENCY = o [2]

(d) The energy of a photon emitted by a red LED is 2.0eV. The current in this LED is 20mA when
the p.d. across it is 3.4V. Draw the /-V characteristic of this LED on Fig. 4.1. 2]
[Total: 15]
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G482 Mark Scheme June 2014
Question Answer Marks Guidance
4 a i ammeter in series
voltmeter in parallel with LED B1i both cosrect to score 1 mark
ji (at 20 mA) Vigg = 4.0V B1 aflow Rieq = (4.0/0.02) = 200 O
Ve =0.020x100=2.0V C1 p.d. = 0.020 (209 + 100}
sopd. =60V A1 allow answerto 1 SF
b |} energyinev =4.1x 10 1.6 X 10 =26 (eV) Bl | expect 2.56 eV
ii LED strikes at 2.6 V/ only conducts above 2.6 V M1
an electran must pass through a p.d. of 2.6 V to lose energy as
a photon of blue lght/AW., A1
¢ |1 | n=le=00216x10" ci
=1.3x10"7 At | expect1.25x 10"
i |energy/s=1.25x10" x4,1x10™0or2.6 Vx0.020 A C1 [ ecf(c){i); NOT 4.0 x0.020
=0.051 to 0.053 (J &™) A1 | answer is 0.053 using 1.3 x 107
iii | efficiency = 0.052/4.0 x 20 x 10°% c1 ecf {c)(ii)
Al accept Ve Voperae = 2.6/4.0 or any other correct
=0.64 (P or W out)/ (P or W in) calculation
accept 64 %
d shape similar to the curve drawn leaving x-axis at close to 2.0V B1 Within half a sguare
and passing through {3.4, 20) B1
Total 15
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4 (a) Fig. 4.1 shows the I-V characteristic of a light-emitting diode (LED).

40

30
I/1073A

20

1.0 1.5 2.0
viv

Fig. 4.1
(i) Describe the sighifiéant features of the graph in terms of current, voltage and resistance.

/ In your answer you should make clear how the features of the graph are related to the
action of an LED.

© OCR 2010 Turn over



(b)

(c)

(i) Calculate the resistance of the LED
1 at1.2Vv
resistance = ........ceorieene O[]

2 at1.9Vv.

resistance = ............c..... {1 [2]

In order to carry out an investigation to determine the f-V characteristic of an LED a student
connects the circuit shown in Fig. 4.2.

100
A
6.0V |
‘B

Fig. 4.2

On Fig. 4.2 add an LED with a 100 Q) resistor in series, an ammeter and a voltmeter to
complete the circuit between terminals A and B. (31

When designing a circuit which includes an LED, it is normal practice to connect a resistor in
series with the LED, in this case 100 (). Suggest and explain the purpose of this resistor.

@ 0CRH 2010
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(d) Another student uses the 10 (} variable resistor as a potentiometer (potential divider) as shown
in Fig. 4.3. The rest of the circuit is then completed between terminals A and B as for Fig. 4.2

in (b).

6OV 100 A
. . B
Fig. 4.3

Explain why the circuit of Fig. 4.3 is more suitable for obtaining the I-V characteristic of the
LED than the circuit of Fig. 4.2.

[Total: 16]
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G482 Mark Scheme January 2010

Question Expected Answers Marks Additional Guidance
3
a resistors in series add to 20 Q and current is 0.6 A B1 accept potentiat divider stated or formula
so p.d. across XY is 0680 x12 (=7.2V) B1 gives (12 20 x 12V (= 7.2 W
b i the resistance of the LDR decreases M1
(50 fotal resistance in circuit decreases) and current increases Al
i resistance of LDR and 12 {} (in paraliel)/across XY decreases B1 alternative [ increases sc p.d. across §.0 O
s0 has smaller share of supply p d (and p d across XY falls) _ Bi increases; so p.d. across XY falts
| Total question 3 =5 . B I S e 0
Question Expected Answers Marks Additional Guidance
4
a i no cusrentno light/does not conduct until V is greater than 1.5V B1 aliow 1.4 o 1.6 V (QWC mark)
brightness/intensity of LED increases with currentivoltage above 1.5V B1 (alternative QWC mark)
above 1.8 V current rises almost finearly with increase in p.d./AW B1
the LED does not obey Ohm's law M1
as | is not proportional fo VAW Al
below 1.5 V, LED acts as an infiniie R/ very high R/acts as open swifch B1 max § marks which must include at least :
above 1.5V, LED resistance decreases (with increasing current/voltage) | B1 one of the first 2 marking points ?
ii1 | infinite resistance B1
2 | 1=230x1.0(mA) c1
R=19x10%23+1)=83x40 Al apply POT eror for G.083 Q
b LED symbol with correct orientation B1 diode symbot + circle + at least one atrow
resistor {need not be labelled) and ammeter in series with it B1 peinting away
voltmeter in parallel across LED only B1
[ the resistor limits the current in the circuit {when the LED conducts) B1
otherwise it could overheat/burn out/be damaged/AW B1
d in fig 4.3 the voltage range is from zero to maximum possible B1 allow 5.0V
in fig. 4.2 the resistance variation is small/AW B1 accept ihe LED is part of a potential divider
{s0)in fig. 4.2 voltage vanatlon across LED is. small _ B1 accept only at the top end of the range/AW
-] Total question 4 R T O A [ S R e T S D e T

10



2
Answer all the questions.
1 Two 6.0V torches produce similar light intensities. The light source of one is a single filament

lamp and of the other is a combination of four light-emitting diodes (LEDs). Fig. 1.1 shows the I-V
characteristics of the filament lamp and one LED.

300 30
[ 7
200 » 20 7
current s current
/mA /’ /mA /
100 A 10
/
A
0 0
0 1 2 3 4 5 5] 0 1.0 2.0 3.0
p.d./V p.d./V
filament tamp LED
Fig. 1.1

(a) (I) Describe how the resistance of the filament tamp at 6.0V can be determined from its I-V
characteristic.

(ii) State how the I-V characteristics show that the filament lamp and the LED do not obey
Ohm's law.

...................................................................................................................................... [1]
(b) When at normal brightness the current in the filament lamp is 0.25A at a p.d. of 6.0V.
(i) Calculate the charge @ passing through the filament each second.
E eer e re e e e e naaras C[1]
(ii) Calculate the energy drawn from the battery each second.
BNEIGY = coorerccrmrirererreeesinteesreeesissns e eeeessares J[1]
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3

(iii) The battery is able to keep the lamp lit for 4 hours. Estimate the energy stored in the
battery.

energy stored = ..o J[2]

(c) The LEDs in the LED torch are connected in pairs across the 6.0V battery and switch so that
the potential difference across each of the four LEDs is 3.0V.

(i) Define the term potential difference.

...................................................................................................................................... i2]
(i) Use Fig. 1.1 to determine the current through each LED.
CUIMTENE = iiurivieeemre e eecrr e e cerree e mA[i]
(iii) Show that the power drawn from the battery in the LED torch is 0.36 W.
[2]

(iv) Sketch a circuit diagram showing how the battery, the four LEDs and the switch are
connected in the torch.

(31
(d) Suggest one advantage of using LEDs rather than a filament lamp in a torch.

[Total: 16]
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G482

Mark Scheme

June 2011

Question Expected Answers M Additional Guidance
1
a i read off value of current (at V=6.0 V) B1 | any reference to using gradient scores 0/2
accept | = 0.25 (A) or 250 (mA)
calculate R using W/l B1 |acceptR=240
ii \ is not proportional to | 81 | accept not a straight line; R is not constant
b i Q=t=025x1=025C B1
ji E=ViiorQVv=6x025=158J B1 | ecf(b)(i)
iii |E=VIi=1.5x4x60x60 C1 | ecf b{if}
=2.16x10*J A1 | accept 2.2 x 10* J; allow 360 J for 1 mark only
[ i anergy transfer per unit charge B1 | or energy transfer/charge; work done /charge
from electrical to other forms B1 | oracross LED
ii 30 mA Al
il Use of P = VI M1 {3 x0.030 = 0.090 W per LED s0 0.090 x 4
suitable method {may be expressed purely in numerical form) At { or 30 mA in two branches at 6 V or total current is 60
=036W AQ | mA from 6 V battery
iv - B1 | symbot for LED
ER-13 B1 | comrect orientation of LED
. : é‘____x s B1 | correct circuit
s —{PH
'\\'w,f . k_!’f;j N
W W
d draws a lower curent/ fight fasts longer {before battery B1
discharged)AW
or LEDs more efficient (at converting electrical energy into light} aliow lower power consumption/AW
or if one LED fails there are still two it
or more robustionger working life
Total question 1 : 16
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