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Mark Scheme

Q1.

g‘;:::i:: Acceptable Answer Additional Guidance Mark
(1) + UseofR=VT (1) Example of calculation
. V=22V (D| yr=175x 102 Ax 5600 =98V 5

2 VW= (12-98)V=22V
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(i)

An explanation that makes reference to the
following poinis:

Either

s The effective resistance of the
combination 15 less than the (1)
resistance of the lamp

* The combination has a smaller 1
fraction of the total circuit (1)
resistance

*» Hence a smaller fraction of the

1
supply p.d. falls across the lamp @

OR

* The effective resistance of the (1)
combination is less than the
resistance of the lamp

« The total circuit resistance
decreases and the current increases (1)

* Sothe p.d. across the resistor increases )
(so the p.d. across the lamp must decrease)

OR
e Current flows through voltmeter (1)

®  So circnit cosrent increases
Or cwrent throngh resistor increases (1)

* Sothe p.d across the resistor increases (1)

Q2.

Question
Number

Acceptable Answer

Additional Guidance

Mark

®

-

The IV graph of an ohmc conductor
15 a straight line through the ongin

Or V is directly proportional to [

Hence Ohm'’s law 15 not obeyed for
the LED

(1

(1)

MP1 accept converse argument

MP2 dependent on MP1
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Q_uesnor‘l Acceptable Answer Additional Guidance Mark
Number
() | Either Exa'mple of <:f|1<::l.11:{tmn:
. v 2V 4+, =5V
s  Vim =2V (from graph) 1) ]
. Useof Uy + V7 =5V ol Vs =3;‘V
V =————=16702
. Useof!{=? (1) 18x107A
« R=170Q (1)
Or
V 1)
» Useof R=— (
I (1)
s Vim =2V (from graph) @
e Useof Ry +R=2780)
« R=170Q M 4
Q3.
Question ) .. . .
Number Acceptable answers Additional guidance Mark
(i) y (1) | Example of calculation:
> 2.4 r
e UseofV, =—% Vee=—==24V
s VII'E V2
1 (2)
¢ V=24V
Question ) .. , .
Number Acceptable answers Additional guidance Mark
(ii) . Energy is conserved
Or Kirchoff s law 1y
Or potenfial accept work done for energy (2)
difference is energy
per unit charge accept Vi for emf
 Spothesumofpdsina (1) | Alternative:
series circuit must Current is the same in both components (1)
equal theem £
applied IV= IVe+ ITpand ] cancels (1)
(MP2 15 dependent on
MP1)
(i) . i/ V
+«  Alternate half cycles of sine 1) A~
curve (with peak about |
iv) 3
e Horizontal line in 1% half M i i
cycle and negative L 1 } R
half cycle of a sine @ ' \ iy FY dmeis | ()
curve in 2* half cycle \
-3 cd
¢  hornzontal lines/spaces ata '
value of potential
difference of 0.6 V to
08V
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Q4.

Question | Answer Mark
Number
B
Q5.
?ﬁj:;:: Acceptable Answer Additional Guidance Mark
* Series circuit with power
supply. heater and @
anumeter.
*  Voltmeter connected
parallel with heater (1) 2
Q6.
Q_uesnon Acceptable Answer Additional Guidance Mark
Number
* Ammeter m series with LED and
voltmeter 1n parallel with LED (1} 1

Q7.



https://stemup.co.uk

Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(i)

An explanation that
makes reference to
the following points:

» total resistance of
strand decreases (1)

+ this increases the
current in the
strand OR
remaining bulbs
are brighter

(1)

« greater power /
energy
consumption with
blown bulbs OR
reduces the life of
the remaining
bulbs

(1)

(3)

Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(ii)

« use of V= IR and
addition of resistances
in series to determine
current in strand with 5
blown bulbs

use of V = IR and
addition of resistances
in series to determine
current in healthy
strands

OR

use of resistance in
parallel and series to
determine total
resistance

s J=29A

» 29A <3A sofuse
does not blow

(1)

(1)

(1)

Example of calculation:
Total current = sum of current in

the four healthy strands +
current in the unhealthy strand

I = (zsov) ( 230V )
~ “\soxson (45x8.0 N)+(5x3.00)

I=29A

Allow credit for a consistent
conclusion from an incorrect
calculation of current

(3)
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LDEEELT SIiELELE Additional guidance | Mark
Number Answer
(bY(i) |+« usea (1)
micrometer
2
- A=nr() (1)
OR A4 =mr?
and r = %
+ repeats (1)
readings in
different
planes/pos
itions
(3)
L CEEIT Acceptable Answer Addltlonal Mark
Number guidance
(b)(ii) |+ current directly proportional
to cross-sectional area (1)
%L:J?_EE:: Acceptable Answer Additional guidance Mark
(b)(iii) Example of calculation:
» calculates area = (1) | 4= H['Dmlmm}z — 0.13 mm?2
0.13 (mm?) \
e useofy=mx +c¢ (1)
1-= 1.:8&)-(.0.13:1111" _ 284
« I =28A (1) 0.06 mm
e 2.8A<3Aso the (1) Wire is suitable as T < 3 A
wire is suitable .tO Allow credit for a consistent
use as a fuse wire ] )
conclusion from an incorrect
calculation of current
Accept converse working to
find diameter of 3 A fuse wire | (4)

Q8.
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Question | Answer Mark
Number
(a) Varnable resistor in series (1)
Ammeter i series and voltmeter in parallel with cell (1) 2
(If there are extra fixed resistances they can be ignored. as long as the terminal
p.d. 15 bemng measured. Assume the ammeter has zero resistance, so 1ts precise
placement doesn 't matier as long as 1t 15 in senies)
(h)
Best fit straight line drawn (1)
Substitution of values from student’s line for gradient using at least half current
axis (AJ = 80 mA) (1)
F=39Viwd4lV 1)
r=16Q01w230 1) 4
Example of calculation
gradient=(3.7V-40V) /016 A
=—190
(c) Start y-axis at 3.0 V (accept reference to points from 3.0 to 3.75 V) (1)
This will allow plots to be made more accurately
Or This will allow intercept and change 1 7 to be determined to more sf
Or this will allow read-offs to be made with more precision (1)) 2
(Only award thas mark if first mark awarded)
Taotal for Question 8
Qo.
Question | Answer Mark
Number
(a) Lowest / munimum frequency (of light / photons incident on a metal) that will
cause electrons to be enutted (from surface)
Or the frequency of (light / photons) that will cause electrons to be emitted
(from the surface of a metal) with zero kinetic energy (1) 1
(accept only just enutted)
(h) Conversion of eV to ] (1)
Use of E= if (1)
f=55x=10"Hz 1) 3
Example of calculation
p=(228eVx=16 =107 Q)
=3.65x107"J ]
f=365=x10"7/6.63=10"*JT5=550=10"Hz
Total for Question 4

Q1l0.
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Question
Number

Answer

Mark

(a)

Negative gradient (accept curve)

Straight line (dependent on first marking point)

Reference to terminal p.d. = em.f. — “lost volts” Or V =& —Ir

Intercept on ¥ axis = £ Or Intercept on y axis = £ Or ¢ = value of ¥ on
graph when I = 0 (accept from labelled graph)(mark not awarded if line

passes through origin)

Gradient =—r Or magnitude of gradient is r (accept gradient = -r
marked on graph)

(1)

(1)

(1)

(1)

(1)

th

*(b)

(QWC — Work must be clear and organised in a logical manner using
technical
wording where appropriate)

Ammeter explanation:

If ammeter has resistance. current decreased

but doesn’t affect the determination because current through cell/r 1s
measured

Or doesn’t affect the determination because the voltmeter measures the
terminal p.d. for that current

OR

The resistance of the ammeter contributes to the load/circuit/total
resistance

Values of p.d. corresponding to given values of current will be
unchanged

Voltmeter explanation:

If voltmeter has smaller resistance 1t would draw current
measured current not current through cell/r

(1)

(1)

(1)
1)

(1)
(1)

Total for question

Q11.
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Q_u“m'f Acceptable Answer Additional Guidance Mark
Number
o Seel=5L+1 (1) If sudent assumes that R, =
R:=R = Rg=1.
| L
o Useof! = = with the same (1) then MP1 and MP2 only
V for every term
1 For MP3. can assume algebra if 3
¢ Algebra to show Rom (1) equation seen
-]
1
Rz Example of derivation
Vv
I=hL+I, 1I= 2
V Vv N V
Rer R1  Ra
Q1l2.
g.:e;t::: Acceptable answers Additional guidance Mark
p.d. across capacitor mereases Or (1)
p.d. across resistor decreases
p.d. across capacitor increases to 5V O
p.d. across resistor starts at 5V and (1) 4
reduces to OV
(1)

Exponentially

Q13.
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Question

Number

Answer

Mark

(high resistance) so very little /negligible/zero current in the voltmeter

Or because otherwise a current would pass through the voltmeter

Or so the total resistance of the parallel combination 1sn’t changed

Or because otherwise total resistance of parallel combination would

be reduced (1)

because that would change /increase the current in the ammeter

Or

because that would mean the current through the ammeter was different

to (larger than) the current through the component (1)

Total for guestion

Q14.
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Question
Number

Answer

Mark

(a)

Series sketch with two bulbs

Connected in series:

because when one is removed there is a break in the circuit
Or

because when one 1s removed there 1s no current

Or

so the bulbs could have different p.d.s

Not connected in parallel because:

if one removed, still complete cireuit (for the other)
Or

if one removed, still current (through the other)

Or

full mains voltage would have blown small bulb

(1)

(1)

(1)

L]

(b) (i)

Useof P=1V
I=0.17 (A) (at least 2 sf required)

Example of calculation
4O0W=Ix230V
I=017 A

(1)
(1)

()

(b))

Use of appropriate equation
R=1300Q

Example of calculation
P=VR

40 W= (230 V)’ /R
kR=1323Q

(1)
(1)

(b) i)

Use of R = VT
R=13Q

Example of caleulation
R=25V/02ZA
R=125Q

(1)
(1)

Current — both require about the same (not just both have 0.2 A)

Potential difference — total (required) p.d. is very close to mains supply
Or
(operating) p.d. for mains bulb much greater than (operating) p.d. for

torch bulb

(1)

(1)
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@
Lower resistance (1)
(smaller current. so) lower temperature (so less vibration of lattice ions)
Or
(smaller current. so) smaller drift velocity (1)
fewer collisions of electrons with lattice 1ons Or less frequent collisions
of electrons with lattice ions (1)
Less energy dissipation (as heat) Or less ke lost in collisions (1) 4
Total for question 15

Q15.
Question | Answer Mark
Number

current same 1n series Or current 1s different if not in series (1)
to ensure the total resistance in the circuit 1sn’t mcreased Or fo ensure no pd
lost (1)
because that would reduce the current being measured (1) 3
[Just saying current changes or resistance changes 1s not sufficient for MP2 and
3. Candidates who only refer to what would happen if ammeter in parallel can
only score MP1]
Total for question 3
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Mark Scheme

Q1.

Question

Number Acceptable Answer Additional Guidance Mark
(i) « UseofR=VT1 (1) Example of calculation
. V=22V ()] vV =175x 10-:Ax 5600 = 9.8V 3

AVVien= (12— 9.8)V=2.2V
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(i)

An explanation that makes reference to the
following poinis:

Either

s The effective resistance of the
combination 15 less than the (1)
resistance of the lamp

* The combination has a smaller 1
fraction of the total circuit (1)
resistance

*» Hence a smaller fraction of the

1
supply p.d. falls across the lamp @

OR

* The effective resistance of the (1)
combination is less than the
resistance of the lamp

« The total circuit resistance
decreases and the current increases (1)

* Sothe p.d. across the resistor increases )
(so the p.d. across the lamp must decrease)

OR

e Current flows through voltmeter (1)

®  So circnit cosrent increases
Or cwrent throngh resistor increases (1)

* Sothe p.d across the resistor increases (1)

Q2.

Q3.

Question
Numbher

Acceptable answers

Additional guidance

Mark

The only correct answer is D

A is not correct because as itis 24 +
14

B is not correct because 24 +24

C is nof correct because 24 + 34

6A



https://stemup.co.uk

ti " .
S:::hl:: Acceptable Answer Additional Guidance
An explanation that makes reference to the
following points:
* The number of (free) charge carriers (1)
(per unit volume) in the thermistor 1) MPI Electrons okay for charge
decreased carriers
* (Hence) the resistance of the (1)
thermistor increased
* Aﬂd a larger ﬁ'a':ﬁ(_’ﬂ of supply p.d. MP3: Current in circuit decreases,
is across the thermistor so p.d. across fixed resistor
decreases, therefore p.d. across
thermistor increases
Q4.
Question Acceptabl Additional guid Mark
Number Acceptable answers Additional guidance Mar
use of IV = IR for the ammeter Example of calculation:
(1) [V=10x10"*A %18 Q=0018V
calculates current through the shunt I'=2.04-0001A=1999A
M| p=22"_9px1020
. 1999 A
Shunt resistance = 9.0 = 10~
(€2) (dependent on MP2) (1)
Alternative 1f using 1/R rule for -
: Alternative:
paralle] resistors
use of V= IR for the ammeter V=10x10"*A x18 O=0018V
: : -
Calct_llarés' equivalent resistance of Ry = “TS = 0.0000
the circwmt B
1 1.1
Uses 1/R rule to calculate shunt 0.009 18 R,
- _ 1n-2
resistance = 9.0 » 107 (Q) s = 9.0x107Q 3
Q5.
Question | Answer Mark
Number
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Q6.

Question Acceptable answers Additional guidance Mark
number
¢ Rr=07-028 kO [read from graph] (1) Accept use of
* Use of F=IR (with 3.3 Vand R1) to find (R
and F=IR (with F=5.5 F) to find R (1) Vo=T3 ——|
¢ R=1100-1300 (1) - '
Or
Vour/(Ve — Vout) x RT=R
Example of calculation:
3.5
I =——=0.0047 A
750
=—_=11700Q
0.0047
3
Q7.
Question Answer Mark
Number
D Step 4 1

Incorrect Answers:

A —this step uses the conservation of energy
B — thus step 1s just a statement of Ohm’s law
C — this step uses the conservation of energy

Q8.
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Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(i)

An explanation that
makes reference to
the following points:

» total resistance of
strand decreases (1)

+ this increases the
current in the
strand OR
remaining bulbs
are brighter

(1)

« greater power /
energy
consumption with
blown bulbs OR
reduces the life of
the remaining
bulbs

(1)

(3)

Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(ii)

« use of V= IR and
addition of resistances
in series to determine
current in strand with 5
blown bulbs

use of V = IR and
addition of resistances
in series to determine
current in healthy
strands

OR

use of resistance in
parallel and series to
determine total
resistance

s J=29A

» 29A <3A sofuse
does not blow

(1)

(1)

(1)

Example of calculation:
Total current = sum of current in

the four healthy strands +
current in the unhealthy strand

I = (zsov) ( 230V )
~ “\soxson (45x8.0 N)+(5x3.00)

I=29A

Allow credit for a consistent
conclusion from an incorrect
calculation of current

(3)
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Question SIEELELE Additional guidance | Mark
Number Answer
(bY(i) |+« usea (1)
micrometer
— (Y2
« A=n() (1)
OR A4 =mr?
and r = %
+ repeats (1)
readings in
different
planes/pos
itions
(3)
L CEEIT Acceptable Answer Addltlonal Mark
Number guidance
(b)(ii) |+ current directly proportional
to cross-sectional area (1)
%L:J?_EE:: Acceptable Answer Additional guidance Mark
(b)(iii) Example of calculation:
» calculates area = (1) | 4= H['Dmlmm}z — 0.13 mm?2
0.13 (mm?) \
e useofy=mx +c¢ (1)
= 1.28ﬂx.0.13:1n1" _ 284
- I — 2.8 A (1) A& mm
e 2.8A<3Aso the (1) Wire is suitable as T < 3 A
ire is suitable t . .
WIre 15 suitable to Allow credit for a consistent
use as a fuse wire . )
conclusion from an incorrect
calculation of current
Accept converse working to
find diameter of 3 A fuse wire | (4)
Q9.
Q.“Hnm‘l Acceptable answers Ad'.immm' Mark
Number ouidance
A The p.d. across the resistor added to the p.d. across the thernustor must 1
equal 6 V. This occurs when the current is 0.5 A 0.5

B assumes all the p.d. 1s across the thernustor
C assumes that resistor and thermistor connected in parallel
D assumes that the p.d. across the resistor and thermustor 15 more than 6 V
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Q10.

Q11.

Q1l2.

Q13.

Question Acceptable Answer Additional | Mark
Number Guidance
e Qr=0Q1+ Q2+ Q2 (1)
e Q/t=1hencelt =
Ii+Iz+ I3 (1)
&
e I=¢/R henceR—T_ (1)
£ £ £
Ry + 23] + Rz (3 )
Question o . . .
Number Acceptable answers Additional gmidance Mark
Example of calculation
* A statement applying the M E=N+MN+W
conservation of energy to the
cireuit E=4Rr=2R1+ R+ 1R
¢ TUse of Ohm’s law for each (1)
term /individual pd leading to Ri=Ri+ R+ R 1
the cancelling of currents in (1) ’
the equation
. RT=R'_+R3+.R;
?{u emm.l Acceptable answers Additional guidance Mark
Number
C 1
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Q14.

Q15.

Q_uesﬁon Acceptable answers A.da:.ﬁrinnal Mark
Number cuidance
: : 1 1 2 R 1
A uses the parallel resistors equation — = —+—=— —
R, R R 2
B assumes resistors in parallel have the same total R as each mdividual R
C 15 the addition of both resistances as if they were 1n series
D 15 the product of both resistances
{Ig_u“m',] Acceptable Answer Additional Guidance Mark
umber
o Seel=I+1 (1) If student assumes that R, =
R, =R — Ry =~
* Useof/ =_withthesame (1) | thenMPI and MP2 only
V for every term
1 For MP3. can assume algebra if 3
e Algebra to show — = (1) | equation seen
. ) Refr
R, ' R. Example of derivation
I = L’l + fz
V v N
Rer Ry
‘%ﬁ:‘:? Acceptable Answer Additional Guidance Mark
(1) Use of y-sensitivity value (1) | Example of calculation: 2
=40V @ |Vp=2%x20V=40V
(ii) o Useofl =2~ (1) | Example of calculation 3
T i o =—2Y _ 002674
T oeellme T W | 064
Oruseof V. = j s = ———— 5 =0.0189 A
e [ __=0019A ECF 1) 2
fromi1)
(1it) . _ (1) 3
* UseofR=R, +R, Example of calculation:
— g2 ol
. UseofP.—! R (or other valid (1) R=1500+ 1200 = 270 0
power equation)
_ P =1I°R
» P=0096W ECFfrom@)and @D | (0.019 A)?
(1) X 270 0 = 0.0964 A
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Q1l6.

Q17.

Q18.

Question Acceptable answers Additional guidance Mark
Number
eUseof V= IR 1) Example of calculation _ _ 3
V across meter = 0.0016 A x 625Q =10V
e Use of Viotal = Vineter + Vamttipier (1) V across muLt-lﬂrler =50V-10V=40V
R mltiplier = 0.0016 A =25000Q
» Choice of R=2500Q 1)
MP3 dependent on MP1 or MP2
Question Answer Additional Guidance Mark
Number
2
Example of calculation
1 1 1 1
e Useof —+—=— (1) 1 1
R Ry R = + =0.013907!
« R=72(Q) (1) R 1200 1800
cR= ———=7200
0.0139 01
Question Answer Mark
Number
B Equivalent R = (I/R + 1/2R)"! 1

Incorrect Answers:
A — wrong expression
C — wrong expression

D — wrong expression
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Q19.

Question o . . .
Number Acceptable answers Additional gmidance Mark
Either
Use of equation(s) to determine le of calculation
the total resistance of the
voltmeter and 40 € resistor in ( ) 6V=18V
parallel (34.3 Q) (1) 80 N+R '
1.e. potential drvider formula or
Useof—= L1421 (1) 1 _ 1 +i
fr Ra o Ra 34290 400 Ry 3

R.=240(%) Re=24020
Or

o Use of Ohm's law to detenmne (1)
the current through voltmeter
(0.0075 A)
1.e. cumrent m 40 € resistor (1)
calculated (0.045 Q) and
subtracted from current i 80 € (1)
resistor (0.0325 Q)

o Use of Ohm's law with 1.8 V to
calculate the resistance of the
volimeter
R. =240 ()

Q20.
Question Acceptable answers Additional guidance Mark
Number
Example Calculation
Use of — = = + 2L for resistors a |-t
Rp Ry  Ra Rp 30 40
in parallel 3
Rp=170Q
@ |7

Useof Ry = R, + R, for
resistors in series )

R1=478Q

Rt =20+17+10=47Q
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Mark Scheme

Ql.

(Question

Number Acceptable Answer Additional Guidance Mark
(@) « Useof R=VT (1)| Example of calculation
. V=22V (| yr =175 x 102 Ax 5600 =98V 5

SWVip= (12 -98)V=22V
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Q2.

Q3.

(i)

An explanation that makes reference to the
following points:
Either

s The effective resistance of the
combination 1s less than the

1
resistance of the lamp )
* The combination has a smaller 1
fraction of the total circuit (1)

resistance

*» Hence a smaller fraction of the

1
supply p.d. falls across the lamp @

OR

* The effective resistance of the (1)
combination is less than the
resistance of the lamp

« The total circuit resistance
decreases and the current increases (1)

* Sothe p.d. across the resistor increases (1)
(so the p.d. across the lamp must decrease)

OR

s Current flows through voltmeter (1

*  So circnit cosrent increases
Or cwrent throngh resistor increases (1)

* Sothe p.d across the resistor increases (1)

Question
Numbher

Acceptable answers

Additional guidance

Mark

The only correct answer is D

A is not correct because as itis 24 +
14

B is not correct because 24 +24

C is nof correct because 24 + 34

6A
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ti " .
S:::hl:: Acceptable Answer Additional Guidance
An explanation that makes reference to the
following points:
* The number of (free) charge carriers (1)
(per unit volume) in the thermistor 1) MPI Electrons okay for charge
decreased carriers
* (Hence) the resistance of the (1)
thermistor increased
* Aﬂd a larger ﬁ'a':ﬁ(_’ﬂ of supply p.d. MP3: Current in circuit decreases,
is across the thermistor so p.d. across fixed resistor
decreases, therefore p.d. across
thermistor increases
Q4.
Question Acceptabl Additional guid Mark
Number Acceptable answers Additional guidance Mar
use of IV = IR for the ammeter Example of calculation:
(1) [V=10x10"*A %18 Q=0018V
calculates current through the shunt I'=2.04-0001A=1999A
M| p=22"_9px1020
. 1999 A
Shunt resistance = 9.0 = 10~
(€2) (dependent on MP2) (1)
Alternative 1f using 1/R rule for -
: Alternative:
paralle] resistors
use of V= IR for the ammeter V=10x10"*A x18 O=0018V
: : -
Calct_llarés' equivalent resistance of Ry = “TS = 0.0000
the circwmt B
1 1.1
Uses 1/R rule to calculate shunt 0.009 18 R,
- _ 1n-2
resistance = 9.0 » 107 (Q) s = 9.0x107Q 3
Q5.
Question | Answer Mark
Number
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Q6.

Question Acceptable answers Additional guidance Mark
number
¢ Rr=07-028 kO [read from graph] (1) Accept use of
* Use of F=IR (with 3.3 Vand R1) to find (R
and F=IR (with F=5.5 F) to find R (1) Vo=T3 ——|
¢ R=1100-1300 (1) - '
Or
Vour/(Ve — Vout) x RT=R
Example of calculation:
3.5
I =——=0.0047 A
750
=—_=11700Q
0.0047
3
Q7.
Question Answer Mark
Number
D Step 4 1

Incorrect Answers:

A —this step uses the conservation of energy
B — thus step 1s just a statement of Ohm’s law
C — this step uses the conservation of energy

Q8.
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Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(i)

An explanation that
makes reference to
the following points:

» total resistance of
strand decreases (1)

+ this increases the
current in the
strand OR
remaining bulbs
are brighter

(1)

« greater power /
energy
consumption with
blown bulbs OR
reduces the life of
the remaining
bulbs

(1)

(3)

Question
Number

Acceptable Answer

Additional guidance

Mark

(a)(ii)

« use of V= IR and
addition of resistances
in series to determine
current in strand with 5
blown bulbs

use of V = IR and
addition of resistances
in series to determine
current in healthy
strands

OR

use of resistance in
parallel and series to
determine total
resistance

s J=29A

» 29A <3A sofuse
does not blow

(1)

(1)

(1)

Example of calculation:
Total current = sum of current in

the four healthy strands +
current in the unhealthy strand

I = (zsov) ( 230V )
~ “\soxson (45x8.0 N)+(5x3.00)

I=29A

Allow credit for a consistent
conclusion from an incorrect
calculation of current

(3)
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Question SIEELELE Additional guidance | Mark
Number Answer
(bY(i) |+« usea (1)
micrometer
— (Y2
« A=n() (1)
OR A4 =mr?
and r = %
+ repeats (1)
readings in
different
planes/pos
itions
(3)
L CEEIT Acceptable Answer Addltlonal Mark
Number guidance
(b)(ii) |+ current directly proportional
to cross-sectional area (1)
%L:J?_EE:: Acceptable Answer Additional guidance Mark
(b)(iii) Example of calculation:
» calculates area = (1) | 4= H['Dmlmm}z — 0.13 mm?2
0.13 (mm?) \
e useofy=mx +c¢ (1)
= 1.28ﬂx.0.13:1n1" _ 284
- I — 2.8 A (1) A& mm
e 2.8A<3Aso the (1) Wire is suitable as T < 3 A
ire is suitable t . .
WIre 15 suitable to Allow credit for a consistent
use as a fuse wire . )
conclusion from an incorrect
calculation of current
Accept converse working to
find diameter of 3 A fuse wire | (4)
Q9.
Q.“Hnm‘l Acceptable answers Ad'.immm' Mark
Number ouidance
A The p.d. across the resistor added to the p.d. across the thernustor must 1
equal 6 V. This occurs when the current is 0.5 A 0.5

B assumes all the p.d. 1s across the thernustor
C assumes that resistor and thermistor connected in parallel
D assumes that the p.d. across the resistor and thermustor 15 more than 6 V
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Q10.

Q11.

Q1l2.

Q13.

Question Acceptable Answer Additional | Mark
Number Guidance
e Qr=0Q1+ Q2+ Q2 (1)
e Q/t=1hencelt =
Ii+Iz+ I3 (1)
&
e I=¢/R henceR—T_ (1)
£ £ £
Ry + 23] + Rz (3 )
Question o . . .
Number Acceptable answers Additional gmidance Mark
Example of calculation
* A statement applying the M E=N+MN+W
conservation of energy to the
cireuit E=4Rr=2R1+ R+ 1R
¢ TUse of Ohm’s law for each (1)
term /individual pd leading to Ri=Ri+ R+ R 1
the cancelling of currents in (1) ’
the equation
. RT=R'_+R3+.R;
?{u emm.l Acceptable answers Additional guidance Mark
Number
C 1
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Q14.

Q15.

Q_uesﬁon Acceptable answers A.da:.ﬁrinnal Mark
Number cuidance
: : 1 1 2 R 1
A uses the parallel resistors equation — = —+—=— —
R, R R 2
B assumes resistors in parallel have the same total R as each mdividual R
C 15 the addition of both resistances as if they were 1n series
D 15 the product of both resistances
{Ig_u“m',] Acceptable Answer Additional Guidance Mark
umber
o Seel=I+1 (1) If student assumes that R, =
R, =R — Ry =~
* Useof/ =_withthesame (1) | thenMPI and MP2 only
V for every term
1 For MP3. can assume algebra if 3
e Algebra to show — = (1) | equation seen
. ) Refr
R, ' R. Example of derivation
I = L’l + fz
V v N
Rer Ry
‘%ﬁ:‘:? Acceptable Answer Additional Guidance Mark
(1) Use of y-sensitivity value (1) | Example of calculation: 2
=40V @ |Vp=2%x20V=40V
(ii) o Useofl =2~ (1) | Example of calculation 3
T i o =—2Y _ 002674
T oeellme T W | 064
Oruseof V. = j s = ———— 5 =0.0189 A
e [ __=0019A ECF 1) 2
fromi1)
(1it) . _ (1) 3
* UseofR=R, +R, Example of calculation:
— g2 ol
. UseofP.—! R (or other valid (1) R=1500+ 1200 = 270 0
power equation)
_ P =1I°R
» P=0096W ECFfrom@)and @D | (0.019 A)?
(1) X 270 0 = 0.0964 A



https://stemup.co.uk

Q1l6.

Q17.

Q18.

Question Acceptable answers Additional guidance Mark
Number
eUseof V= IR 1) Example of calculation _ _ 3
V across meter = 0.00160 A x 625Q2=10V
e Use of Viotal = Vineter + Vamttipier (1) F across muLt-lﬂrler =50V-10V=40V
R mltiplier = 0.0016 A =25000Q
» Choice of R=2500Q 1)
MP3 dependent on MP1 or MP2
Question Answer Additional Guidance Mark
Number

1 1 1
e Useof —+— = — 1)
R R, R,

« R=T2(Q) 1)

Example of calculation
1 1

— — +

R 1200 18010

=0.013907!

~ R =72.00

T 0013901
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Question

Number

Acceptable answers

Additional guidance Mark

Either

Use of equation(s) to determune

the total resistance of the

voltmeter and 40 © resistor in

parallel (34.3 Q) (1)

1.e. potential drvider formula or

Ohm’s law (1)
1, 1

Use of — = — 4= (1)
RT

Ry Ry

R, =240 (Q)

Or

Use of Ohm’s law to determine 1)
the current through voltmeter

(00075 A)

1.e. cuarent in 40 O resistor 1)
calculated (0.045 €2) and

subtracted from current in 80 Q (1)
resistor (0.0523 )

Use of Ohm’s law with 1.8 V to
calculate the resistance of the
voltmeter

R, =240 (Q)

Example of calculation

R
( )6\:’:1.3\’
80 2+R

R=34290Q

1 1 1

= +—
34290 400 Ry 3

Rvr=24020Q

Q19.

Question
Number

Acceptable answers

Additional guidance

Mark

1 1 1 ]
* Use of — = — + — for resistors
Rp Ry  Ra

in parallel

¢ Useof Ry = R; + R, for
resistors in series

» Rr=470

Example Calculation
O N 1

Rp 30 ' 40

Rp=1710Q
@ |

Rr=20+H17+10=47Q
@ |7
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Mark Scheme

Q1.


https://stemup.co.uk

‘?’uuij:::: Acceptable answers Additional guidance Mark
(i) |e usesratio of lengths to (1) | Example of calculation: 2
determine p.d. across )
i d. across potentiometer = 115 mom
potentiometer pd. Pry—
5V=96V
¢ V=980 4y
(]1} - dettmlines pd ACTOSS R []} E—Xalnn].ﬂ Ofcalculatiﬂﬂ: 3
L 9.6V »
e apply F=IRto cmrantmcuant=lzﬂﬂuﬁ=8_0 10
potentiometer to determine A
current @)
Or uses ratio of resistances = pd.across R=12-56=24V
tio of p.d.
ratio of p.d.s R=2.4V’(
1 8.0 x 10*A
s R=30000Q
R = 3000 Q (show that value gives
2400 ©)
(iii) | ® A battery has internal resistance (1) 3
o There is a p.d. across the Accept “lost volts™ for MP2
internal resistance (1
. I must be the subject
¢ Terminal p.d. less (than e.m.f) @) .
OrreferstoV=FE —Ir

(iv) [ e tangent drawn on the curve 1)

& uses a triangle base of at least (1) | MP2 dependent on MP1

0.06
y displacement / mm
60
* attempt to find a gradient (1)
e velocity =0.68 ms! so velocity (1)

not exceeded

allow range from to 0.60 ms~! to
0.80 ms™!

60 mm
0.144 — 0.056

v = gradient =

v=682 mm 5!
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Q2.

Question : " .
Number Acceptable answers Additional guidance Mark
@ f :
* Vattop/start =0V o Alternative NS
Or recognition “potential divider Constant Current (J) in wire (1)
Or ¥ ncreases (by implication) (1) | p.d. across section of wire =7 between
Or V at bottom = 1.5V A and loop (1) 3
e Two sections of Wwire act as serjes Increases from 0V to 1.5V linearly (1)
resistors
Or R=pll4d @
Or comment about R proportional to
length
V R
or —=——
1.5 R,
* potential difference proportional to @
length of wire
T Acceptable answers Additional guidance Mark
Number -
b Example of calculation
) * Tangentdrawnat1.5s 150
s Scales p.d to give distance {l) Gradient = LIV-02V —09Vs!
Os
+  Gradient determined using a base of As 1.5V represents 2.00 m
triangle of at least 1.0 s
+v 2.00m
Oruseof 5= ) tand comect V' (1) |vy=09Vs! XF ~12ms?
i " Y 4
read from graph oy
o  velocity=10ms! —13ms?
Question : " .
Number Acceptable answers Additional guidance Mark
{c) Use of (1) Example of calculation
* seotv=uta 15ms™ =12ms" +ax05s
+ TUseofa=gsind @ 03ms™! 2
a= o5 =06ms
+  Calculates a value fora, for v @ ' 4
(usmng a SUVAT AND a=gsm &)
: . . 0.6ms~ =9.81ms™ sn &
Valid comparison of their calculated @ ms mssm
quantity and the stated quoted 6=36"
uncertainty.
Q3.
Question | Answer Mark
Number
B 1



https://stemup.co.uk

Q4.

Question . .
Acceptable answers Additional gmidance Mark
Number P g
¢  The (voltmeter) reading will
ncrease
MP2: accept 1dea of a potential 2
*  Resistance increases (with divider i.e. the ratio of the of BC to
length) Or resistance o length _
the total length AD wall be greater,
so the proportion of the total
. BC
voltage will be greater (E V)
MP2: Do not award 1f there 1s also a
reference to resistivity mcreasing
Q5.
Q_ues'tmn Acceptable answers Additional guidance Mark
Number
* This question assesses a student’s ability to
show a coherent and logically structured IC IC mark Max Max
answet with linkages and fully-sustained points linkage final
feasonmg. mark mark
Marks are awarded for indicative content and available
for how the answer is structured and shows 6 4 2 6
lines of reasoning.
5 3 2 L
The following table shows how the marks
shounld be awarded for indicative content. 4 3 1 4
*» Useof R=pll4d 3 7 1 3
+  the wider section will be half the 2 2 0 2
resistance of the narrow section 1 1 ) 1
s The p.d. will be divided into 0.5V 0 0 o 0
across wide section and 1.0V across
the narrow section
*  The potential will vary linearly
along each resistance section (as R
is proportional to )
+ This is because current is constant
throughout length
*  When the voltmeter 1s across the
whole length it will read the p.d.
across the celll 1.5V
Or when the voltmeter terminals are 6

together it will read 0V
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Q6.

Question Acceptable answers Additional Guidance Mark
Number
1 ) ] ) (1) Alt to MP1: Current same through
&  Ac resistance mcreases with whole lencth of wire and F=IR
length of wire - 2
. _ 0y
¢ potential (difference)
proporiional to length of wire
1 ) . Altemative method uses ratio of
* Use of ratio of lengths = ratio 88 resistances.
of potentials
e Potential at P=113V (1) E&p?s I:jlve of calculation: 2
=——x1.50
100
=1.125V
Q7.
Question | Answer Mark
Number
B
Q8.
Question | Answer Mark
Number
| e 1
Qo.
Question - .
Acceptable Answer Additional Guidance Mark
Number
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Q1lo0.

Question Answer Mark
Number
(a)(i) Determunes width of at least 9 coils (1)
Use of half of their diameter in 7 7° (1)
Area=(1.96t0 2.42) x 107 (m’) (1) 3
Example of calculation
18 coils = 1.00 cm
Diameter = 0.0100 m+ 18 =556 % 107" m
Area=m % (5.56 x 107 = 2)°
Area=242> 10" m’
(a)(ii) Use of R=pl/4 (1)
Resistivity magnitude = 4.4 x 107 (show that value gives 3.7x 107) (1)
Unit Om (1) 3
Example of calculation
p=RA /1
=220x%x24%107m /12 m
=44 %107 Qm
(a)(ii1) A sensible response with some detail. e.g. (1) 1
*  Avoid difficulty in reading a small scale while holding 1t
and counting tums
* 1t can be enlarged and done more accurately
* compare with unravelling and using a micrometer
*  remains stationary, so easier to measure accurately
* vou can mark the coils as you go so you don’t lose count
{treat parallax as neutral and )
(b) Use of ratio of lengths = pd (1)
F=82V (1) 2
Example of calculation
F=(70cm/102cm) = 12V
=82V
Total for question 9
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Mark Scheme

Q1.
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IC1

IC3

This gquestion assesses a student’s
abilitv to show a coherent

and logical structured answer with
linkage and fully-sustained
reaszoning.

Indicative content:

Both circuts are
suitable because
they allow
readings of
p.d.fcurrent for
the lamp

For circuit 1 the
minimum p.d.
across the lamp
15 0V (when the
slider 1s at the left)
Or For circuit 2 the
trnimum v.d.
across the lamp 1s
greater than 0V
For circuit 1
the maxinmum p.d.
across the lamp is
the supplv p.d (when
the slider 1s at the right)

For circuit 1 the
maximum p.d.
across the lamp
1s the supply p.d

answer is structured and shows lines of reasoning.
The following table shows how the marks should be awarded

for indicative content.

MNumber of Number of
indicative marks awarded
|11:||'L|r|l: for mdicative

points secm in | marking ]J-i'illlh
ANsWET
&

5
3=
1
[1]

| b
=D | e |l

Total marks awarded is the sum of marks for indicative
content and the marks for structure and lines of reasoning

IC poants | IC mark Max linkage Max final
mark mark
5] 4 2 6
5 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0

uestion .- .
gmber Acceptable Answer Additional Guidance Mark
* Marks are awarded for indicative content and for how the
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{(when the slider
1s at the right)

IC4  Forcircuit 2
adjusting the
resistor changes
the circuit
resistance (so
the current is
varied)

Or for circuit 2
the battery p.d.
1s shared
between lamp
and variable
resistor

IC5  So for circuit
2 the
mimimum p.d.
depends upon
the resistance
of the variable
resistor,

Ic6 Circut11s
better because 1t
allows a bigger
range Or
Circuit 1 1s
better because 1t
allows p.d.s
down to 0 V to
be used

Q2.

Question
Number

Acceptable answers

Additional guidance

Mark

As temperature increases number

of (free) charge carriers (in

thermistor) increases so ifs

resistance decreases

Or

As temperature increases number

of charge carriers in (1)
conduction band increases so

(thermistor) resistance decreases

Thermistor resistance as a

proportion of total resistance (1)
decreases

Or (1)
Current increases so p.d. across

resistor increases

P.D. (across thermistor) decreases

Accept electrons for charge carriers
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Q3.

SUHE:::: Acceptable answers Additional gnidance Mark
(D |e usesratio of lengths to () | Example of calculation: 2
determine p.d. across A
potentiometer pd. across potentiometer = Py
5V=96V
e V=96(V) oy
(]1) . de‘tﬂmﬁnﬁs pd ACToss R [1) Em'p].ﬂ Ofcalculﬂtiﬂﬂ: 3
; in circuit = —— = 8.0 x10~
o apply F=1IRto cmrﬂntmcrcmt—lzﬂmﬂ— .
potentiometer to determine A
current 1)
Or uses ratio of resistances = pd across R=12-96=24V
ratio of p.d.s o 24 V{g
(1) 8.0 x 10*A
¢« R=30000Q
R = 3000 Q (show that value gives
2400 )
(iii) | » A battery has internal resistance (1 3
o There is a p.d. across the Accept “lost volts™ for MP2
internal resistance (1))
(1) | V'must be the subject

o Terminal p d. less (than e m f)
Orrefersto V=F — Ir
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(i)

0.06s

attempt to find a gradient

tangent drawn on the curve (1
uses a triangle base of at least @)

0]
velocity = 0.68 ms! so velocity 1

not exceeded

allow range from to 0.60 ms™! to

MP2 dependent on MP1

displacement / mm

=

0.80ms!
0
— oradient = 60 mm
VT BAAet = 5 144 — 0.056
v =682 mms!
Q4.
?.::;3;2: Acceptable answers Additional guidance Mark
cell connected to both ends of paper il
with correct polarity (1) 'l
voltmeter with one end connected to
0V end of paper and other to halfway
along narrow strip of paper (1) O—
2
Q5.

STEMUP.CO.UK
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Question _ " .
Number Acceptable answers Additional guidance Mark
@ f ,
* Vattop/start =0V R Alternative NS
Or recognition “potential drvider Constant Current (J) in wire (1)
Or Vincreases (by implication) (1) | p.d. across section of wire =r between
Or I at bottom = 1.5V A and loop (1) 3
e Two sections of wire act as serjes Increases from 0V to 1.5V linearly (1)
resistors
Or R=pl/4 (1)
Or comment about R proportional to
length
VR
1.5 R,
s  potential difference proportional to o))
length of wire
Question Acceptable answers Additional guidance Mark
Number Accep ) =t -
(b Example of calculation
) * Tangentdrawnat1.5s (1)
s  Scales p.d. to give distance 1) |Gradient= % =09Vs!
Os
*  Gradient determined using a base of As 1.5 V represents 2.00 m
triangle of at least 1.0 s
+v 2.00m
Oruseof 5= (w 5 ") fand corect ' (1) | y=09 Vs’ XF =1.2ms!
- - y 4
read from graph @
o  velocity=1.0ms! —1.3ms"!
Question : " .
Number Acceptable answers Additional guidance Mark
(c) Use of (1) Example of calculation
* seobv=utal 15ms™ =12ms +ax05s
o Useofa=gsind @ 03ms™ 2
= a= 05 =0.6ms™
*  Calculates a value fora, for v @ ' 4
(using a SUVAT AND a=gsin&)
) _ . 06ms~ =981ms™ sin 8
Valid companison of thewr calculated @ s ms s
quantity and the stated quoted #=36"
uncertainty.
Q6.
Question Answer Mark
Number
D 1
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Q7.

Question | Answer Mark
Number
B 1
Q8.
Question . ... . o
Number Acceptable answers Additional gmdance Mark
¢  The (voltmeter) reading will (1)
mcrease
(1) | MP2: accept idea of a potential 2
*  Resistance increases (with divider 1.e. the ratio of the of BC to
length) Or resistance o« length ,
the total length AD will be greater,
so the proportion of the total
voltage will be greater {% V)
MP?2: Do not award if there 1s also a
reference to resistrvity increasing
Qo.
gﬂi‘;g? Acceptable Answer Additional Guidance Mark
* potential divider (1) /
circuit diagram 4‘ |_ S “ |
|
drawn as shown
Switch not essential, accept
potential drvider with arrow drawn
through resistor ’
N
e correctly ) N

incorporated into
the given circuit
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Q1l0.

Q11.

Question
Number

Acceptable Answer

Additional
Guidance

Mark

W, =
lamp
OR R +R,

in circuit A, ¥ =1IR,,,
¥
(Rigmp + Rresicror

lamp TEsisTor

and I'=

when Rresistor has its
maximum value, I # 0

hence using circuit A
the current will never
be zero which is a
limitation

OR range of p.d.s
measured is limited

in circuit B the supply
p.d. is divided up in
the ratio of the two
circuit resistances

R,

so by making Ry
equal to zero a full
range of p.d. s
(from0Vto12 V)
can he applied
which makes the
circuit more
suitable

(5)
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Question . . . .
Number Acceptable answers Additional guidance Mark
& This questicn assesses a student’s ability to
show a coherent and logically structured IC IC mark Max Max
answer with linkages and fully-sustained points linkage final
reasoning. mark mark
Marks are awarded for indicative content and available
for how the answer 15 structured and shows 6 4 2 6
lines of reascning.
5 3 2 5
The following table shows how the marks -
should be awarded for indicative content. 4 3 1 4
* Useof R=plid 3 2 1 3
+  the wider section will be half the 2 2 0 2
resistance of the narrow section 1 1 0 1
» The p.d. will be divided into 0.5V 0 0 0 0
across wide section and 1.0V across
the narrow section
*  The potential will vary linearly
along each resistance section (as R
is proportional to [
*  This is because current is constant
throughout length
* When the voltmeter 1= across the
whole length it will read the p.d.
across the cell’ 1.5V
Or when the voltmeter terminals are 6
together it will read 0 WV
Q1l2.
Question . .
Acceptable Answer Additional Guidance Mark
Number
(i » Reads current values at 3V for both Current values are 0.33 (A)
components (1) and 0.61 (A)
» Current through fixed resistor R =094 A (1)| Allow tolerance of = 0.01 A 2
Allow tolerance of £ 002 A
(ii) An explanation that makes reference to:
* resistance of Y will be greater than To score the final marking point
resistance of parallel combination (1) candidates must score both MP1
* Y will have a greater share of the p.d and MP2
(1) OR R will have a lower share of the
p.d (1)
* 5o the reading on the voltmeter will
increase. (1)
OR
* the current through R decreases (1)
¢ as V=1IR, the p.d. across R 3
decreases(1)
* 5o the p.d. across Y and the voltmeter
reading will increase (1)
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Q13.

Q14.

Q15.

Question Acceptable Answers Additional guidance Mark
Number

s Uses ratio of

resistances to pd’s

Or

uses [ = — : and I = IR (1 Reoea=1750 0

foba
Example of Calculation
R,

* Outputpd =137 (V) (1) b=k (Rl n R:)
» Compares their answer 1000 0

fo 13 (V) with M |Veor =24V (35505 1000 51)

conclusion consistent — 137V 3

with their answer

13.7 = 13 so0 motor is on
Question | Answers Additional Guidance Mark
Number
B ! '
2 "r:e:t'n T .--"'.
r—
10k -
Question Answer Mark
Number
Rz 1

R1+R,

Incorrect Answers:

A —this looks similar to the correct formmla but has an incorrect resistance as the

mumerator and does not have the total resistance as the denonunator

B — thus looks simular to the correct formmla with the correct resistance as the numerator but

does not have the total resistance as the denomunator
C — This would give the PD across resistor &1 and not R
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Qle6.

Question ) " .
Number Acceptable answers Additional guidance Mark
* p.d. across capacitor mcreases Or (1)
p.d. across resistor decreases
* p.d across capacrior increases to 5V )
* p.d. across resistor starts at 5V and (1) 4
reduces to OV
_ (1)
* Exponentially
Q17.
Question Answer Additional Guidance Mark
Number
. . 1

B is the only A 1s incorrect because this does not

correct answer give the correct ratio
C is incorrect because this does not
give the correct ratio
D is incorrect because this does not
give the correct ratio

Q18.
Question | Answer Mark

Number

B

Q19.
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Question | Answer Mark
Number
C 1
Q20.
Questmn Acceptable Answer Additional Guidance Mark
Number
¢ potential difference across the LDR =
EXAY (1)
750
1 e seen Or @170 seen
i MP2useof F=IRwith 2.4 V or
* Useof F'=IR (1) [ 3.6 V only
Or resistance ratio * 6.0 V= :
corresponding p.d.
Example of calculation
e R=1100 (1)
I=24V/7530=0032A
Voltage across LDR=6.0V -
24V=36V
38V
" 0.0324
E=11250
Or use of ratios
750 . .
——x60V=24V
(R+75 1)
R=11250 3
Q21.
Question Acceptable answers Additional Guidance Mark
Number
Either Show that value gives 1.2 0
* Calculates current correctly using (1) Example of calculation:
VR I 1125 0344
0375
Or =———=1.10
¢ Use of ratios of lengths = ratios (1) 034 )
of resistances =
« R=1100 oy Oor
R 25
o | 33075
¢ Use ratio of resistances = ratio of (1)
p.ds
¢« R=1100 oy
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Q22.

Question

Number

Acceptable answers

Additional gmidance

Mark

Either

* Use of equation(s) to determune
the total resistance of the
voltmeter and 40  resistor in
parallel (34.3 Q)
1.e. potential drvider formula or
Ohm’s law

t_ 1.1
o Tlge ofg— Hl—+m
s R =240

Or

¢ Use of Ohm’s law to determine
the current through voltmeter
(0.0075 A)
1.e. current mn 40 Q) resistor
calculated (0.045 Q) and
subtracted from current 1n 80
resistor (0.0325 Q)

o Use of Ohm's law with 1.8 V to
calculate the resistance of the
volimeter

o R,=240(9Q)

(1)
(1)
(1)

(1)

(1)
(D

Example of calculation

( )GV=1.S V
80 O+R

R=34290Q

111
34290 400 Ry

Rr=24020

Q23.

Question
Number

Acceptable answers

Additional guidance

Mark

¢ Use F=IR to calculate current

¢ Use F=IRwith V=65V to
calculate LDE. resistance

¢ Light intensity = 185 (lux)
(accept answers m range 180 lux
-190 lux)

OR
¢ Use of potential divider principle
¢ Useof Rr=Fipz +43kQto

calculate LDR resistance
Or

(1)
(1)

(1

(I

(1)

Example of Calculation.
23 V=I=x435x10°Q
I=56=104A

6.5V=056x10"A xR
E=11700Q
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Q24.

Use of Vior = 6.5 V to calculate
LDE. resistance

o Light intensity = 185 (lux)
(accept answers in range 180 lux
-190 Jux)

()

Question
Number

Acceptable answers

Additional guidance

Mark

(a)

+ (UV radiation consists of) photons

+  One photon interacts with one
electron
Or energy of photon depends on
frequency

+ Electrons released if energy (of
photon) greater than work function
Or frequency is greater than
threshold frequency
Or energy supplied is sufficient to
remove electron

(1

1)

(1)

Accept quanta‘packets of energy

Question
Number

Acceptable answers

Additional guidance

Mark

(b))

* when shder at the bottom - reading
on voltmeter is zero
Or mimmum resistance - reading on
voltmeter is zero

* When slider at the top — reading on
voltmeter is 1.5V
Or maximum resistance - reading on
voltmeter is 1.5V

+ Potential difference split between top
and bottom part of resistor (either
side of slider)

Or readmg on voltmeter depends on
the ratio of resistances (etther side of
shider)

Or moving the slider changes the
resistance that the voltmeter is across

(1)

(1)

(1)

Question
Number

Acceptable answers

Additional guidance

Mark

(b)(id)

Maximum Kinetic Energy of electron = 0.6
(eV)

(1)
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Question

Acceptable answers

Additional guidance

Mark

Number
(c) Max 4 Full marks can only be scored if a
correct link is made between at least
Valid because: one physics point and the

* Moon and photocell both have vacuum

+ Both demonstration and theory use
photoelectric effect

Not valid becanse:

» Dnfferent wavelengths in each case

+ On the moon there 15 dust not metal

+ Dust 15 free to move but the metal plate 15
fixed

+ On the moon UV removes electrons from
{individual) atoms and
1n the demo light removes electrons from
metal surface

* Demonstration 15 based on photoelectric
effect but effect on moon could be
ionisation

@)
1)

@
(1)
1)

@

@

demonstration being valid or not valid

Accept the same concept for
photoelectric effect

Accept one uses light the other UV

Accept different matenials for MP4
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Mark Scheme

Q1.

Q2.

Question
Number

Acceptable answers

Addirional guidance

Mark

As temperature increases number

of (free) charge carners (in

thermistor) increases so its

resistance decreases

Or

As temperature increases number

of charge carriers in L
conduction band increases so

(thermistor) resistance decreases

Thermistor resistance as a

proportion of total resistance (1)
decreases

Or 1)
Current increases so p.d. across

resistor increases

P D (across thermistor) decreases

Accept electrons for charge carriers

Question
MNumber

Answer

Mark

Q3.
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Question
Number

Acceptable Answer

Additional Guidance

Mark

@

¢ Reads current values at 3V for both
components (1)

* Current through fixed resistor R=094 A (1)

Current values are (.33 (A)
and 0.61 (A)

Allow tolerance of £ 0.01 A
Allow tolerance of £0.02 A

(1)

An explanation that makes reference to:

¢ resistance of Y will be greater than
resistance of parallel combination (1)

* Y will have a greater share of the p.d
(1) OR R will have a lower share of the
pd (1)

* 50 the reading on the voltmeter will
increase. (1)

OR

¢ the current through R decreases (1)

¢ as V=1IR, the p.d. across R
decreases(1)

* sothe p.d across Y and the voltmeter
reading will increase (1)

To score the final marking point
candidates must score both MP1
and MP2

Q4.

Question Acceptable answers
Number

Additional
guidance

Mark

The only correct answer is B

A 15 not correct as the p.d. across the resistor will increase
C 15 not correct as the resistance of the LDR will decrease
D 15 not correct as the resistance of the LDR will decrease

Q5.
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Question Acceptable Answers Additional guidance Mark
Number
*  Uses ratio of
resistances to pd’s
Or
uses| =—— and V = IR (1 Reoear=1750 0
tobal
Example of Calculation
Ry
- et ()
s  Qutput pd l-)f'? V) 8} =% R TR,
* Compares their answer 1000 0
o 13 (V) with M |Veon =24V (35505 1000 ﬂ]
conclusion consistent =137V 3
with their answer
13.7 = 13 so motor is on
Q6.
Question | Answer Mark
Number
B 1
Q7.
Question | Answer Mark
Number
| ' 1

Q8.
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Qlueshon Acceptable Answer Additional Guidance Mark
Number
¢ potential difference across the LDRE =
EXAY (1)
Or oy Se° Or (R+'.-';Q) seen
MP2 use of F=IRwith 24V or
¢ Useof F=1IR (1) | 3.6 V only
Or resistance ratio x 6.0 V=
corresponding p.d.
Example of calculation
e R=1100 (1)
I=24V/7530=00324A
Voltage across LDR=6.0V -
24V=36V
3.6V
" 00324
E=11250
Or use of ratios
750 . .
x60V=24V
(R+75 )
R=11250 3
Q9.
{%11:?;1;::‘1 Acceptable answers Additional guidance Mark
D In the dark the resistance of the LDR will be very large so a little below 6 V 1

practically all the potential difference of 6V will be across 1t.

A assumes the resistance of the LDR decreases to almost zero
B assumes the resistance of the LDE. decreases a little
C assumes the resistance of the LDR increases a litile

Q10.
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Question

Number Acceptable answers Additional guidance Mark
Accept approaches using potential
s Current (in the circuit) decreases (1) | divader theory
o P.d across the LDR decreases (1) | » Pd from supply divides in ratio
of resistances of the two
¢ Voltmeter reading increases 4y cofnponents, eg.
(MP3 dependent on MP1 or Vi — Kipr 1
MPE) LDR RR n RI_.DR Total
¢ Az Rgincreases, but Rior 3

stays constant

* So voltmeter reading increases
(MP3 dependent on MP1)
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Mark Scheme

Q1.
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‘?’uuij:::: Acceptable answers Additional guidance Mark
(i) |e usesratio of lengths to (1) | Example of calculation: 2
determine p.d. across )
i d. across potentiometer = 115 mom
potentiometer pd. Pry—
5V=96V
¢ V=980 4y
(]1} - dettmlines pd ACTOSS R []} E—Xalnn].ﬂ Ofcalculatiﬂﬂ: 3
L 9.6V »
e apply F=IRto cmrantmcuant=lzﬂﬂuﬁ=8_0 10
potentiometer to determine A
current @)
Or uses ratio of resistances = pd.across R=12-56=24V
tio of p.d.
ratio of p.d.s R=2.4V’(
1 8.0 x 10*A
s R=30000Q
R = 3000 Q (show that value gives
2400 ©)
(iii) | ® A battery has internal resistance (1) 3
o There is a p.d. across the Accept “lost volts™ for MP2
internal resistance (1
. I must be the subject
¢ Terminal p.d. less (than e.m.f) @) .
OrreferstoV=FE —Ir

(iv) [ e tangent drawn on the curve 1)

& uses a triangle base of at least (1) | MP2 dependent on MP1

0.06
y displacement / mm
60
* attempt to find a gradient (1)
e velocity =0.68 ms! so velocity (1)

not exceeded

allow range from to 0.60 ms~! to
0.80 ms™!

60 mm
0.144 — 0.056

v = gradient =

v=682 mm 5!
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Q2.

Question Answer Additional Guidance Mark
Number
o Useof V= IR 4
1
e Useof P =1I°R @ )
(1) Example of calculation
E
¢ UseofP =— 9V
t (1) =————=0121A
(72+2.5) 0
e« E=320] ECF from (a) (1)
[show that ives 323 1] P=(0.121A)*x 720
show that answer gives
= =1.05W
Or
e Useof P=IRtofind I ay | E=L105Wx300s
) = 316]
* Useof V=IRto find terminalpd (1)
e Useof W=1TITt (1)
e E=320] ECF from (a) (1)
[show that answer gives 323 J]
Q3.
Question Acceptable answers Additional guidance Mark
Number
* Calculates p.d. across mternal resistance (q) Example of calculation: 3
, V. = 8.2V - 5.5V=27V
e Useof R=VF/I (1) 27V
r=
* Internal resistance =6 Q 1) 0454
r=600Q
Q4.
Question Answer Mark
Number
D 1
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Q5.

g‘;ﬂ;g Acceptable Answer Additional Guidance Mark
(i) | An explanation that makes
reference to the following:
e The (terminal) In MP1 do not accept voltage for p.d.
d. (of the cell
lg.e ( ) (1) MP2: Accept I «c I because
creases. _ . L
(external) resistance in the circuit is 2
v constant, so the current decreases
e [=— sothe
R 1)
current
decreases as the
(external)
resistance in the
circuit stays
constant
(ii) e Useofl=< (1) | Answer i range with no working
. R shown scores MP3 only
with R=220Q
or (220 +1) Example of calculation
_ 352V =1.60x107%A
e (Sumofemf = 2200 O
sum of p.d. (1)
i e—V (4.0-3.52)V 3
lean:hngt-:»){“;_V:I - _( o3 1 _30.00
useof r= — I 1.60x10A
with I from MP1
e =300 (allow )
answers in range
280 -320)
Q6.
Question . .. .
- Acceptable answers Additional guidance Mark
Numbher
The only correct answer is A decreases decreases 1

as I decreases

R increases

mcreases

B is not correct because V decreases

C is nof correct because I decreases as

D is not correct because I decreases as R
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Q7.

Question
Number

Answer

Mark

(@)

Vanable resistor m series
Ammeter m series and voltmeter 1n parallel with cell

(If there are extra fixed resistances they can be 1gnored. as long as the ternunal
p.d is being measured. Assume the ammeter has zero resistance, so its precise
placement doesn’t matter as long as it 15 in series)

1)
@)

[

()

Best fit straight line drawn

Substitution of values from student’s line for gradient using at least half current
axis (AJ = 80 mA)

£=39Viwo 41V
r=160Q1t250Q

Example of calculation

gradient=(3.7V-40V)/0.16 A
=—190Q

@

@
@)
@

(c)

Start y-axas at 3.0 V (accept reference to points from 3.0 t0 3.75 V)

This will allow plots to be made more accurately

Or This will allow intercept and change m ¥ to be determuned to more sf
Or this will allow read-offs to be made with more precision

(Only award this mark 1f first mark awarded)

@)

@)

(3]

Total for Question

Q8.
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Question
Number

Answer

Mark

(a)

Negative gradient (accept curve)

Straight line (dependent on first marking point)

Reference to terminal p.d. = em.f. — “lost volts” Or V =& —Ir

Intercept on ¥ axis = £ Or Intercept on y axis = £ Or ¢ = value of ¥ on
graph when I = 0 (accept from labelled graph)(mark not awarded if line

passes through origin)

Gradient =—r Or magnitude of gradient is r (accept gradient = -r
marked on graph)

(1)

(1)

(1)

(1)

(1)

th

*(b)

(QWC — Work must be clear and organised in a logical manner using
technical
wording where appropriate)

Ammeter explanation:

If ammeter has resistance. current decreased

but doesn’t affect the determination because current through cell/r 1s
measured

Or doesn’t affect the determination because the voltmeter measures the
terminal p.d. for that current

OR

The resistance of the ammeter contributes to the load/circuit/total
resistance

Values of p.d. corresponding to given values of current will be
unchanged

Voltmeter explanation:

If voltmeter has smaller resistance 1t would draw current
measured current not current through cell/r

(1)

(1)

(1)
1)

(1)
(1)

Total for question

Q.
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Question . o : 5
Number Acceptable answers Additional guidance Mark
MP1: This may be mnplied in a
Identifies £= 136V (1) calculation
- MP3: allow etther e m f to be sub for
Use Off = VR “'lth R=5920 aﬂd ¥V (]} ﬂle nse Ofﬂ]ﬂl'k
=084V MP3: descriptions of r and V both
- _ P (1) | required
Use Of. €=V+Ir Orequivalent to MP5: conditional mark on MP4
determine » )
r=37(Q) Example calculation
1) |[I=084V/592 0 5
Both are correct (because r has I=0142 A
mncreased and £ has decreased) 136 V=084V+0142A=r
r=3.660
Q1o0.
Question .. .
Acceptable Answer Additional Guidance | Mark
Number
(a) * Means of varying the current (1)
s  Ammeter, voltmeter and variable resistor correctly Accept a circuit that
connected (1) will allow correct 2
measurements to be
taken.
(b) An explanation that makes reference to:
* Vary the current using the variable resistor (1)
Record corresponding values for Jand 7 (1)
Graph of V against I 15 a straight line with
negative gradient (1)
¢ The em £ is given by the intercept on the V axis (1) _
* The internal resistance 15 given by the gradient (1) 2
Q1ll.
Question | Answer Mark
Number
C 1

Q1l2.
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Question | Answer Mark
Number

Useof ¥ =1IR (1)

Use of lost volts = emf — termunal pd Or use of total resistance — 6.6Q (1)

(quoting & = KR + 1) or e = V +Ir gets both marks)

Internal resistance = 0.54 Q (1) |3

(rounding and different methods all give 0.5 Q to 1 sig_fig )

Example of calculation

F=021A%Xx660=139V

Ir=15V-139V=011V

r=011V=-021A=0540Q

Total for question 3

Q13.
Question ot L
Acceptable Answer Additional Guidance Mark
Number
Work done per umit charge to move a charge
around a  circuat. 1
Q1l4.
Question ... .
Acceptable answers Additional guidance Mark
number
* From graph: after 500 charging cycles | Example of calculation:
internal resistance of cell 1s 327 mQ (1) | .- _ .
e Useof F=c-Ir(l) V,=36V-0800A=x0310Q
i =36V -0248V =3352V
* Useof —2x100%
28 Vip=3.6V-0800Ax0327Q
Ff_f’”xl:]()%:i}g_ﬁ% =36V-0262V=3338V
o 1 r 7
@ p3":"“"><IOD‘:'/::+=L?£“"'><lfC.”lO‘:'fuz99.65}’-}

¢ So manufacturer’s claim is correct (1) [ 352V
This last mark 1s awarded only if the 4
conclusion is correctly supported by the
calculation.

Q15.
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Question ) Additional .
Number Acceptable Answers Guidance Mark
(i) s stateoruseof £=F+ (1) Example of calculation:

« =28601(1) 41V=37V+0014 A xr

r=2860 -

(i) o useof I=P/A (1)

o uwseofP=1T(1)

* calculation of efficiency of pointer (1)

* analysis of data 1 passage to give efficiency of laser as

approximately 40% (1)
s comparing data analysed to draw a conclusion that the claim is 5
not justified. (1)
Q16.
Q.u estion Acceptable answers Additional guidance Mark
Number =
B 1
Q1l7.
Question s , R
Acceptable Answer Additional guidance Mark
Number
B V=eg-1Ir (1)

Q18.
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Question . PR . !
Number Acceptable answers Additional guidance Mark
¢ Due to the internal resistance of the 1)
cell
» There is a potential difference across .
the internal resistance of the cell -
Or there will be “lost volts® 1)
Or V=8 -Ir
Q1l109.
Question i - .
- i Acceptable answers Additional guidance Mark
Number
1
Q20.
Question Acceptabl : Addiional guid Mark
Number Acceptable answers Additional guidance Max
(i) Useof P=1V (1) | Example of derivation:
Useof V=e-FOrV=180-0.0367 (1) BBEW =1 xV
Converts kW to W and rearranges B8KW =1 x (180 — 0-03§”
equation to that shown (I 88000 = 180! — 0.036I°
0.0361° — 1807 + 88000 =0 3
(ii) Useof @ =1t (1) | Example of calculation:
6.1Ah=550Axt
Time that batteries can deliver this
power =40 s 50 more than 7 s (I) |t=0011h=40s s
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