Mark Scheme

Q1.

Q2.

Q3.

Question
Number

Answer

Mark

A is the correct answer (Reading on V1 decreases. readings on Vz and A
increase)

B is not the correct answer as the decreased resistance of the thermustor will
lead to a greater share of the p.d. across the fixed resistor

C 15 not the correct answer as the meter readings show what would happen if
the temperature decreased

D is not the correct answer as none of the three meter readings would change
in the ways stated

(1)

Question
Number

Answer

Mark

The only correct answer is C -

ol

A 1s not cormrect because the two resistors in parallel have half the resistance of the
resistor connected across the voltmeter

B 1s not correct because the resistors do not share the potential difference equally
D 1s not correct because the p.d. cannot be greater than the emf

Question
Number

Answer

Mark

D is the correct answer

A is not correct because the current should increase and the potential difference
should increase.

B 15 not correct because the current should mcrease.

C 15 not correct because the potential difference should increase.




Q4.

Q5.

Q6.

Q7.

uestion
Q, Answer Mark
Numher
A 15 the correct answer (1)
B 1s not the correct answer as both the ammeter and voltmeter readings
decrease.
C 15 not the correct answer as the voltmeter reading decreases.
D is not the correct answer as the ammeter reading decreases.
uestion
Q_ Answer Mark
Number
A X
The only correct answer is B (V b T) 1
A 15 not correct because this 1s an incorrect ratio of length
C 1s not correct because this incorrect ratio of length
D 1s not correct because mncorrect ratio of length
Question | Answer Mark
Number
D is the correct answer as the sum of the e m f s 1s equal to the sum of the (1)

p.d.s i the circut.

A 15 not the correct answer as if the resistance of the LDR halved the voltmeter
reading would increase.

B 1is not the correct answer as increasing the light intensity would increase the
voltmeter reading (as the LDE would have a lower resistance)

C 1s not the correct answer as increasing the light intensity would increase the

voltmeter reading (as the LDE would have a lower resistance)




uestion
Q_ Answer Mark
Number
The only correct answer is D (increases ; decreases) 1
A 15 not correct as thermistor resistance will decrease and voltmeter reading
will decrease so an ammeter reading increase
B 15 not correct as thermistor resistance will decrease and voltmeter reading
will decrease so an ammeter reading increase
C 15 not correct as thermistor resistance will decrease and voltmeter reading
will decrease so an ammeter reading increase
Q8.
Question | Answer Mark
Number
C is the correct answer as power for the whole circuit = £+J and I (1)
increases whilst e.m.f. remains the same
A 15 not the correct answer as increased intensity increases the number of
conduction electrons released by the LDR
B 1s not the correct answer as the potential difference across the LDR will
decrease, causing the potential difference across the resistor to mcrease
D is not the correct answer as the resistance of an LDR decreases as light
intensity mcreases
Qo.
uestion
Q_ Answer Mark
Number
D is the correct answer (1)

A 1s not the correct answer as increasing temperature causes an increase
in current for this cirewit.

B 15 not the correct answer as mncreasmg temperature causes an increase
in current for this cireuit.

C 15 not the correct answer as increasmg temperature decreases the p.d.
across the thermistor, but increases the p.d. across the fixed resistor.




Q10.

Q11.

Question | Answer Mark
Number

(a) Use of R=T1/1
Or Equates ratio of resistances to ratio of p.d.s (1)
R=13000Q (1) 2
Example of calculation
Whole circuit current = F/R =119 V /5000 Q=238 x 107+ A
R (of LDR)=V/I=(031V)/(238x 107 A)=1300Q

(b) Calculates p.d. across fixed resistor as 1,497V (1)
Difference between 1.50 and 1.497 is less than 0.01V (1)
OR
Calculates p.d across the LDR as 0.003 V Eg
0.003 =001V
oR - M
As resistance of the LDR. decreases. the voltmeter reading increases (1)
p.d. across the LDE becomes less than 0.01 V
OR (1)
Ratio of resistor resistance to LDR resistance becomes very high (1) 2
p.d. across the LDE becomes less than 0.01 'V
(Do not allow MP1 for use of V = IR with current value calculated in
(a))
(3“:1 or 4% methods — allow “there is hardly any p.d. across the LDE™)
(For all MP, allow “resolution of the voltmeter™ for “0.01V™)
{(For MP1 via 3% method. allow “p.d. across (fixed) resistor increases”
for “the volitmeter reading increases’™)
Total for Question 4




Question

Total for question

i Answer Mark
Number
{a) The resistance of the LDR increases.(so the current decreases)
Or The resistance of the LDER imncreases, so the LDR has a greater p.d.
1)
So the p.d. across the fixed resistor decreases (dependent on MP1)
(1) 2
(b) Use of V = IR (1)
Use DfRI_'JR: le;:or =32 {1)
Rim=330 (1)
OR
Use le T”I_'JRZ ]"’mly_or =32 {1)
Use of V = IR 1)
Arpe=3310 (1) 3
Example of calculation
0.62V
Rrogistor = Bx10°A_ 2210
3
Ripr = 22.10x5=3320
OR
3
062V x 7= 093V
Rime= —2 ¥ _339
R 091024
5

Q1l2.




Question
Numbher

Answer

Mark

=

This question assesses a student’s abality to show a coherent and logically
structured answer with linkages and fullyv-sustained reasoning. Marks are awarded
for indicative content and for how the answer is structured and shows lines of
reasoning. The following table shows how the marks should be awarded for
indicative content.

IC points IC mark Max linkage mark Max final mark
6 4 2 6
5 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0

The following table shows how the marks should be awarded for structure and
lines of reasoning.

Number of marks awarded for
structure of answer and
sustamed line of reasoning
Answer shows a coherent and logical .

structure with hinkages and fully sustained -
lines of reasoning demonstrated throughout

Answer 1s partially structured with some 1
linkages and lines of reasoning

Answer has no linkages between points and 0
15 unstructured

Indicative content

* Resistance of LDR decreases

* Due to increase in number of (conduction) electrons

* S0 the resistance of circunt decreases
Or This results in greater current in circmit LDR/resistor
em f of the circuut 1s the same
And due to P = VT Or P=FR Or P = I’*/R (for whole circuit)
The power dissipated by the circuat increases

(IC2 — allow “number of charge carmiers” or “charge carrer density™)
(IC4 — allow “total circuat voltage/p.d.” for “em £7)
{(IC6 —needs to be related to correct V1R for whole circut)

Tatal for guestion

Q13.




Question | Answer Mark
Number
(a) Uses ratio of resistances to p.d.s (1
V=12V (1
OR
Useof R=VII (1)
V=12V (1) 2
Example of calculation
- 55k
=(—l])x15V=123V
( 12 kQ+55 kﬂ)
(b) 1 mark for each correct reason (1)(1)
1 mark for each explanation (I | 4
Reason Explanation
Cell has (internal) resistance Terminal/cell p.d. is lower
Or lost volts
Resistance in wires/connections | Wires/connections have p.d.
across them too.
Voltmeter has a “low” Resistance of parallel
resistance combination would be less than
Or voltmeter draws current 55 kQ (so p.d. would be lower)
Total for guestion (]

Q14.




Question|

Answer Additional Guidance Mark
Number|
(a) EITHER Example of calculation
Use of ratio of resistances (L
V 6.8 ki W
T y i i =
Use of corresponding ratio of p.d.s (0 30V 68 K0+ 4.7 k0
Minimum voltmeter reading =18V (1) 6.8kn
V=30V X —— =177V
11.5 kO
OR
v
Use of R = ¥ to determine circuit current (1) | Allow 1 mark for any use of R = 7
! for MP1
Useof R = %tn determine pd across 6.8 kil (1)
resistor
Minimum voltmeter reading = 1. 8V (1
3
(b) 2 (1) |Allow use of P =VIorP = I’R
Useof P=—
R
P=78x10"*W ecf from (a) (1) |Example of calculation
(3.0)°
C (6.8+47)x10%0
7.83x107*wW
2
(c) (1) | Example of calculation
Use of I = i—qand of v =2
£ ¢ (1) P=25A%(15%x60)s=225C
E=6807]
E=225CCx3.0VV=675]
2
Total for question 7

Q15.




(For MP4 there needs to be a clear conclusion that the student 1s
incorrect)

Question | Answer Mark
Number
(a) Uses R = V/T for resistor (1)
Or uses potential divider
Uses R = VI for thermistor 8}
R for thermistor = 19 Q )
Temperature = 32 - 36°C (1)
Example of calculation
RE=VI I=TVF/R (for resistor), I=(342V) /(115 0)=029T A
R = VI (for thermistor) = (9.00 -342V) /(0297 A)=1880Q
(b} Increased e m f leads to greater current (1)
(Increased current leads to) greater temperature (1)
Resistance of thermistor would decrease (1)
{The proportion of the total p.d. across thernmustor would decrease so)
voltmeter reading would more than double so student incorrect (1)

Total for question

Q1l6.




Question

- Answer Mark
Number
(a) 10°C corresponds to 2.0 2 (1)
Use of ratio of resistances (1)
Use of corresponding ratio of p.d.s (1
To ap.d. of 0.7(06) V (1
If temperature goes below this level then resistance of thermmistor increases (1)
So p.d. to heater (switch) increases and so heater switch does perform as requured (1)
Example of calculation
v 20
60 15+20
F=0706V
Or
10°C corresponds to 2.0 2 (1)
Use of I = IR for whole circuit (1)
Use of I = IR for thermistor (1)
Toapd of 0.7(06) V (1)
If temperature goes below this level then resistance of thermistor increases (1)
So p.d. to heater (switch) increases and so heater switch does perform as required (1) 6
Example of calculation
I=60V/(2+150Q
=03533A
F=0333A=200
=0.706V
(h) Increase in temperature results in more electrons released
Or Increase in temperature results in more electrons moving into conduction (1)
band
So resistance decreases (dependent on MP1) (1)
[allow converse argument]
Total for question

Q17.




Question | Answer Mark
Number
* @ This question assesses a student’s ability to show a coherent and logically
structured answer with linkages and fully-sustained reasoning.
Marks are awarded for mdicative content and for how the answer 1s
structured and shows lines of reasoming.
The following table shows how the marks should be awarded for
indicative content.
Number of Number of
mdicative marks awarded
marking for ndicative
points seen in | marking points
answer
6 4
5—4 3
3-2 2
1 1
0 0
The following table shows how the marks should be awarded for
structure and lines of reasoning.
Number of marks awarded
for structure of answer and
sustained line of reasoming
Answer shows a coherent and logical -
structure with linkages and fully -
sustained lines of reasoming
demonstrated throughout
Answer 15 partially structured with 1
some linkages and lines of reasoning
Answer has no linkages between 0
points and 1s unstructured
Indicative content
* When temperature 15 hugher, greater energy to electrons (in
thermistor)
When temperature 1s higher, more conduction/free electrons
When temperature 1s higher, lower resistance in thermistor
* Decreased p.d. across thermistor [/ YZ
Or current in circuat/thernmstor increases
Increased p.d. across fixed resistor Or mcreased p.d. across XY
* S0 for the air conditioning application. secondary circuit should be (6)

across Xy

{Allow converse statements for IC 1.2, 3 and 4)
(Do not allow contradicting statements for IC4 e.g. lower V so lower I)




Ratio of p.d.s to resistances

See etther 775 Q or 263 Q for light dependent resistor
Difference =(—) 512 Q

Or

Use of R = Pl to calculate current

See etther 775 Q or 263 Q for hight dependent resistor
Difference =(—) 512 Q

Example of calculation

7.29V _ 12000
——=——s50R=775Q
471V

984V _ 12000
1.1sV R

soR=2630

Difference in resistance =263 Q- 775 Q =(—) 512 Q

(1)
(1)
(1)

(1)
(1)
(1)

(3)

Total for question

Q18.




Question | Answer Mark
Number

(a) Either
Resistance at 54°C =0.95 - 1.0 (k) (1)
Use of resistors in parallel formula (1)
Use of V= IR (1)
Milliammeter reading = 9.0 (mA) &Y
(MP2 can only be awarded if the thermistor resistance 15 added to
3.0 k2 prior to using the formula).
Or
Resistance at 54°C =095 - 1.0 (k) (1)
Use of = IR to calculate current in 2.0 kQ resistor (1)
Use of resistors in series formula and V"= IR (1
Milliammeter reading = 9.0 (mA) (1) 4
Examiple of calculation
At 54°C_ resistance of thermistor (read from graph) =10 kQ.

1 1 1
Ry 20000 (3000+1000)0° ° Rr=13330Q
v
I=2=2"—90mA
R 13330

(h(i) Resistance (of thermmustor) mcreases (1)
(Thermistor takes a larger share of the pd) so voltmeter reading
increases (1) 2
(MP2 dependent on MP1 being awarded)

(b)(ii) | Either
Potential difference (across 2.0 k€ resistor) 1s constant (1)
Power dissipated (by 2.0 kQ resistor) remains the same because P = I*/R (1)
Or
Current (1n 2.0 k€ resistor) 1s constant ) (1)
Power dissipated (by 2.0 kQ resistor) remaimns the same because P=FR (1)
Or
Potential difference and current (for 2.0 k€ resistor) are both constant (1)
Power disstpated (by 2.0 kQ resistor) remains the same because P = 7 (1) 2
Total for question 8

Q1l19.




Question . T
Number Answer Mark

ai it 4 1 1

o Use OfE 30001 sOOD EL;
Use of '=1IR o] 3
Voltmeter reading = 6.3 (V) N
Example of calculation

1 1 1

Roarans 3000 + 000 5° Fparate = 273 02
F=IR=230x107A=x273Q=628V

all p.d. across thermustor = 12 V — 6.3 V (allow ecf from a1) (1)
Use of P =17 (allow use of P=FRor P=17/ R) (D
P=013W (D 3
Example of calculation
p.d. across thermistor = 120V -63V=57V
P=TT=57V=23i=107% A
P=013W

b Resistance (of circmit/thermistor) increases (1)
Ammeter reading decreases (dependent on MP1)
Or Current decreases (dependent on MP1) (1
p.d. across thermustor increases
Or I'=IR for fixed/parallel resistors, and [ decreases (1)
Reading on volimeter decreases (dependent on MP3)
Or p.d. across fixed/parallel resistors decreases (dependent on MP3) (1) 4
(Allow 1 mark maximum if stated that both ammmeter and voltmeter readings
decrease. and no other marks have been awarded)

| Total for question 10
Q20.
Question iy .
Acceptable Answer Additional Guidance Mark
Number
(a) 6 J of energy 1s transferred to each (1)| Accept:
coulomb of charge (by the battery) 6 V 1s the potential difference 1

between the terminals of the battery if
no current 1s drawn

Terminal potential difference 156 V
(since mternal resistance 1s negligible)




(h)(i) p-d across 200 Q resistor = 6.00 — 1.64 (1)
(=436V)
Use of R=V
I
Example of calculation
@ 436V
Or 2000 = —
_ o )
Ratio of resistance = ratio of p.d.
=2 (mA) ;= 236V _518x10-2(A)
2000




(b)(ii)

EITHER

Use of R = 2 for resistance of parallel
section
Or

v .
Useof R= 7 for resistance of total
circuit and subtract 200 00

Use of resistors in parallel equation.
Ry=304102

(Allow ecf from (b)(1))

OR

Useof R = L for current in 100 Q
resistor I

Use of I.oe= I, + I for current in resistor
X

R=3040

(Allow ecf from (b)(1))

(1)

(1)

(1)

(1)

1)

1)

Show that value gives 456 (2
(MP3 dependent on MP2 being
awarded)

Example of calculation

R _ 164V
pallel T S 18x102 A

= 75.23 01 show that value=82 0

1 1 1

Ry 71000 =~ 75230

Ry=303.70

OR

1.64V
1000

= 164 x102A

218 x1024—-164x 102A
=54x1034

164V

———— =303.70
54 % 102 4

R=




(b)(iii)

rl

Useof P = Oruseof P=1T 1)
Oruse of P =I2R 1)
P=270x102W

{(Allow ecf from (b){1) or (b)(11) for 1)

Example of calculation
2
p— (164V)
1000

P=270x102*W

(©)

The resistance of the parallel combination (1)
would increase

So the ratio / share of parallel combination (1
resistance to other resistance increases and

zo does the voltmeter reading, so student

1s correct

Q21.




Question | Answer
Number

a Use of resistors in parallel formula (1)
Resistance of parallel section of circuit calculated as 1.33Q (1)
Total circuit resistance = 2Q + their parallel resistance 1
Or Use of ratio of resistance:p.d. 1
Use of I = V/R to calculate total circuit current (3A)
Or Use of = V/R to calculate p.d. across resistor A (6V) (1)
Use of P=VI,P=V/Ror P=FR (1)
A=18W . B=2W,C=2W,D=8W (D
Example of calculation
1 1 1 L
R—p N + P (for parallel combination)
L _1,. 1
Rp 2 ' 4
Rp=1330Q
Total resistance in circmit = (133 +2.00) =333 Q
I'=VI/R (for whole circuit ) =100V /333 Q=300 A
Forresistor A, P=FPR=(3.00 A x200Q=18W
Current through D == (3.00 A) =2.00 A
ForD,P=FPR=(200A) x200Q=8W
ForBand C.P=FR=(100A)Y x200Q=2W

b (With resistor D removed there 1s) lower circuit current
Or (with resistor D removed there is) lower p.d. across A (1)
Seemg an appropriate power equation to support the conclusion
that power would be less in A (1)

c As p.d increases, current increases (1)
(As current increases,) temperature increases (allow “heats up™) (1)
Atoms/ions/lattice have greater vibrations/KE (1)
Increased rate of collisions between electrons and atoms/1ons (1)
Total for guestion

Q22.



Question | Answer Mark
Number
a See Fr=V1+ 1" (1)
See IRT=IR1 + IR2 (D
(Divides by I to give) RT= R1 + R2 (D 3
b Use of V=IR with 7.0V and 0.5A (D
1 1 1
Use Dfm— E-I_ E {1}
R=120 (D
Or
Use of = IR with 6Q and 0.5A (to get 3V across 6Q resistor) (1)
Second use of ¥ = IR with =4V (1)
R=120 (1) 3
Example of calculation
R for whole circuit = (7.0V/0.5A) = 14Q
So R for parallel section = 14 — 6 = 8Q
1/8=1/24+ 1/R2
R:=12Q
ci Use of ¥ =IR to determine circuit current (1)
Useof P=FRorP=V/Ror P=VI (1)
P=15x10"W (1)
Or
Ratio of resistances used to calculate p.d. across R 8%
P=15%x10"W
Example of calculation
I=12.0V /(8000 +670Q)=138x 107 A
P=(138x 10" A)> x 8000 =0015W
cii Decrease in the number of conduction/ free electrons (1)
Greater resistance of LDR (D
Less p.d. across the fixed resistor 1
(allow “voltage™ for “p.d.”) @
Use of a suitable power equation to conclude that less power dissipated (1) 4
mn the fixed resistor.
(Converse argument not allowed for MP1 & MP2)
(For MP4, do not accept an answer that includes an incorrect statement
about one of the variables)
Total for question 13

Q23.




Question

Number Answer Mark
(a)(i) Use of P=Fland F=1IR
Or
Use of P = I°Rand V=1IR ey
Appropriate algebra to denive P = V?f (1) 2
(a)(ii) | EITHER
Their resistance from graph divided by 4 (1)
Use of P = L
R @
Use of p.d. across battery = 5 = p.d. across R oy
) — _gIW
p.d. across battery =9.0-92 'V (1)
OR
L - (1)
Their resistance from graph divided by 4
1
Useof P = I’R &
: (1)
Useof V=1I(R + R;)
@ 4
p.d. across battery =9.0-92V
Example calculation
Resistance of R="2"=8.75 0
VZ
038W = ——
8.75 0
Ve =V0.38W X 8750 =182V
g =5x182V=91V
(b)(i) Number of conduction electrons (per unit volume) increases (1)
So current increases (for the same potential difference and R = ) (1) 2
(b)(a1) | (Increased temperature caused) increased lattice/atom/1on vibrations (in the
thermustor and the wire resistor) (1)
This caused an increase 1n collisions between electrons and the
lattice/1ons/atoms (in the thermustor and the wire resistor) (1)
So the resistance of the wire resistor increased (1)
(Because current decreases) total resistance of the circuit must increase (1)
So the increase in the resistance of the wire resistor must be greater than the
decrease in the resistance of the thermustor (1) 5
Total for guestion 13
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