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Mark Scheme

Q1.

Pl in Acceptable Answer Additional Guidance Mark
Number
Use of Q = CV (1) | Example of calculation:
Q=CV =56 x 10F x 2500V =
_ —t/ R .
Use 01: Q—QDEE (1} 0‘14 C
]n| o |=e-: £C
Q/Qo = 0.01 (1) o, !
t
= In(0.01) =- S t=00116
o 0.14s
I==
Uge 01: ¢ (1} t 001169
(6)

I=12A (1)
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Q2.

Question Acceptable Answers Additional guidance | Mark
Numbher
Maximum 3 marks
¢ There cannot be a p.d. across his body (1)
¢  Electric field strength inside cage is (1) | Accept reference to Faraday
zero cage for MP2
3max
* Asno potential gradient (1)
¢ Current/electrons/charge would 1)
conduct through st
Or the current would not pass through
body
Q3.
Question Acceptable answers Adq‘iltmnal Mark
numhber guidance
An explanation that makes reference to:
¢ Electrons/charge transferred from negatively charged plate to
positively charge plate through the resistor (1)
¢ Hence the charge on capacitor decreases (exponentially) (1)
¢ Until the charge on the capacitor equals O/negligible (1) 3

Q4.
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Question
Number

Acceptable answers

Additional guidance Mark

. Uses V=1/C
OrV=Nm/C
Orv=wbsl!

* Useof T=N/Cms’
Or T=N/Am
Or T=Wbm?
Or Sub of B=F/IL and cancels
Is

Uses units of n = m™~ and completes
agreement

Alternative with base umnits:

*  Uses base unit of force =kg m 57
Or base unit of energy = kg m” 57

*  Uses base unit of charge=A s
Or uses A = Cg’!
Or Sub of 5=F/IL and cancel ['s
or A's

Uses base units of n = m™ and
completes agreement

1)

1)

1)

1)

1)

@)

Example of unit simplification:
J/C should equal % ®xA+m™3Cm
s Am

_Nm
T

c

(3)

Q5.

Q6.

Question
Number

Acceptable Answer

Additional Guidance

Mark

o useof@ =1t

w
. seof V=—
use o o

o W=51x=10°T

(1)
(1)
1)

Allow calculations based on power 1.2,
W

Example of calculation:
Q = It=25 x10°A x7.5 x10%s=188 C
W =0V=188Cx 2.7 x 10°V =5.08 x10%]
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Question ) . . .
Number Acceptable answers Additional guidance Mark
(i) » Useof P=1V (1) | Example of derivation:
o Tseof V=e—-FOr V=180 -0.036] (1) BEKW =1 xV
s Converts kW to W and rearranges BBEW =1 x (180 — 0-03!:31)
equation to that shown (1) 88000 = 1801 — 0.0361
0.0367° — 180] + 88000 =0 3
(ii) s UseofQ=1Ir (1) | Example of calculation:
6.1Ah=5530Axt
* Time that batteries can deliver this
power =40 s 50 more than 7 s (1) |r=0011h=40s )
Q7.
Question Acceptabl : Additional guid Mark
Number Acceptable answers Additional guidance al
*+ Deduce the p.d. across the total
resistance Example of calculation
(1) 6V
3 ) =——————————=10mA
¢« Useof P=FRorI™/R a 33KO+2T7EN
)
e P=33x10°W P = (1.0mA)? x 33000
(1) =33x103%W
Alternative
V=6V 33 =33V
! *33+27  ~
2,32V -
=;;MQ=3.3 = 107 W 3

Q8.
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Question | Answer Mark
Number

(a) The capacitor stores charge Or capacitor charges from the supply (1)

The idea that the capacitor doesn't fully discharge before being recharged. (1) 2
(h)(i) (64+44H2=54V (1) 1
(b)(i) | Useof F=1IR ) ) (1)

Average [=54 V(22 % 10°Q) =2 5= 107 A ecf value form (b)(1) (1) 2
(b)(m) | Tune =17 ms or 17.5 ms (1) 1
(b)(iv) | Use of Q =Ir (1)

Use of C =0T (1)

Use of AV=20V (1)

C' =21 pF (ecf values of ] and 7 from above) (1) 4

Example of cplcularion . _

0=25x10"Ax17=107s=425x10"C

C=425=107C/20V

C=21pF
(c) Uses a larger capacitance (1)

Because a larger time constant 1s needed

Or stores more charge

Or less AV=AQ/C (1) 2

Taotal for question 12
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Mark Scheme

Q1.
gﬂf:lg:: Acceptable Answer Additional Guidance Mark
Conversion of MeV toJ (1) | Example of calculation
(i)
See Q=79 % 1.6 x (1) | E;=5.5%10°eVx1.6x1071°]
10 and Q2 =2 % 1.6 eV1=8.8x10"13]
w 10—19
8.8x107%=

Useof V = ——amd (1) | 79X1.6X107%Cx2x1.6x107™°C 4
W =Qv i 4mx8.85x1012 Fmt r
r= 41x10*m (1) g 26 2

- 3.64x107%° N m*

= T BEx10T] =4.1x10"*m
. Electrons are behaving (1)
(i) L
like waves
wavelength=; (1) | MP3: Accept electron
momentum - .
Electron wavelensth 1 wav e.lengrh mmst be smular to 3
o = (1) the distance between

must be similar to the (adjacent) nuclei
atomic spacing in the
foul

Q2.



https://stemup.co.uk

gﬁigzr Acceptable Answer Additional Guidance Mark
s Useof W =0V ) Example of calculation:
- o 5 lr:l:L': =gl
+ Useof KE =;:m" @ 2
i < o [PLEATCES Y
» Useoflu=1.66=10"kg @) | T T EeT 66410 ke
s v=216%10" (msh @ 4
Q3.
Question Answer Mark
Number
B 1
Q4.
Question . .
Answer Additional guidance | Mark
Number
(a)(i) | thermionic emission (1)
e Acceptable Answer Additional guidance Mark
Number
(a)(ii) Example of calculation:
+ equate imy?and VQ (1) |E=1500V x 1.6 x1071°C=24x1071¢]
e v=23x10" ms™ _ [zxzaxi07?e] 7 1
(1} LJ‘—Jm—ZEXlD m s
(2)
LTEEETI Acceptable Answer Additional guidance | Mark
Number

(b)(i) |« useof F=EQandE=1% (1)

OR seeF=?

* equate F = ma and
F=EQ

d

(1)

(2)
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LR Acceptable Answer Additional guidance Mark
Number
(b)(ii)| » wuse of speed = (1) | Example of calculation:
distance/time
= =87x1071s
o t=87x1071° (s) (1) Sribime
+ useofa=-% (1) 1 50V x16x107°¢
dm . i —10 2
=— 8.7 = 10
° zx(n.oimxe.nxm-ﬂkg)“ X )
* use of s = ut +ae® (1)
with u = 0 and s=33x10"*m (6)
vertical
acceleration to
find s
e s=33x10%m (1)
LI Acceptable Answer Additional guidance Mark
Number
(c) e useof V=Vo 2 (1) | Example of calculation:
» vertical line (1) | Vo =53V xv2 =75V
+ positive and negative (1)
deflection shown
e maximum (1)
deflection 75 V
(4)
Q5.
e Acceptable answers Additional guidance Mark
Number P ) g 3
C joule per coulomb. 1

Q6.

Incorrect Answers:

A 15 reciprocal of volt
B 15 definition of amp
D 1s definrtion of watt
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Question . o L. . T
Number Acceptable Answer Additional Guidance Mark
* Photoelectric equation stated n
words (1) | MP1: Accept iifs for ¢ [with f5
Or hf =¢ defined]. and Ey max for  mvd
+% muawith ¢
defined
MP2: el does not
have to be the subject
e Henceel,=hf — ¢ (1) | of the equation
Or By mzx = Af — ¢and Ey oy
= {-_' I:r":
e Compare with y = mx + ¢ (1)
5
e So plot a graph of V. aganst f (1)
Or plot a graph of eV, against [ MPS is dependent
5 1s dependen
upon MP4
e Gradient = E (1) P
Or gradient =h
Q7.
g?;:;t;::-l Acceptable answers Additional guidance Mark
* Uses V=1/C {1}
OrV=Nm/C
OrvV=wbs! @)
s  Useof T=N/Cms?
Or T=N/Am
iy}
Or T=Wbm~ Example of unit simplification:
OrSubof B=F/ILand cancels (1) | y¢ epoutd equal X o A=m-3Cm
I's _nm ] A
T ¢
Uses units of n = m™~ and completes 1)
agreement

Alternative with base units:

*  TUses base unit of force = kg m 57
Or base unit of energy = kg m” 57 e

*  Uses base unif of charge=A s
Or uses A= (s’
Or Sub of B=F/IL and cancel I's (1))
orA's

Uses base units of n = m™~ and
completes agreement

1
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Q8.

Q9.

Q1lo0.

Quesnctl? Acceptable Answer Additional Guidance Mark
Number
o useof =1t (1) | Allow calculations based on power 1.e.
. _w O |y =¥
o useofV = < (1)
o W=51=10°]
Example of calculation:
0 = It=25 x10%A x7.5 x10%s=188 C 2
W =QV=188Cx 2.7 x 105V =5.08 x10%] §
?:uﬁﬁ“,' Acceptable Answer Additional Guidance Mark
Number
@ o Useof F=BQuvandF=EQ (1)
¢ Algebra to show v = E 1) 2
(ii) ¢ Useof W=0QVandE, = Example of calculation:
L _E_ taxiotvm?! e _ vt
2 : @ | YTET Tisx1wd T m v
¢ Useofv= 7 @ |e (9.33 % 105 ms? )
g _. 11 -1 —= =174 x10! Ckg! 3
. ;—l.?x:l.ﬂ Ckg @ |m 2x250V <
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Question - . o
Number Acceptable answers Addirtional guidance Mark
. L Example of calculation 4
+ Substitute el for 2 MV max in if= ¢f + @1
’ .l
e mY hf= g+ % My
+ Rearranges fo identify gradient = h'z @) f=g+ell
Q) |eV=nf—¢
+ Atftempt to find gradient using large V= hfie — e
triangle 1) gradient = h/e
- -34
¢ h=76x1077Ts gradient = (240 V- 1.00 V) =
1 ; c 14 z 14
(range: T5x 10 ¥ Isto 7.7 = 107##7T {69?3 = 10" Hz - 4025 = 10 HZ)
5) .
gradient=4.72 * 107 Vs
h=472x10%Vsx 1.6 107 C
h=758=107%7s
Q11.
Question - . -
Number Acceptable answers Additional guidance Mark
3

Q1l12.

p-d. could be too low

affect gradient

+ (Faint and difficult to see, so may
not be seen at the correct p.d. and)
recorded p.d. could be too high

+ (Range of frequencies could mean
light is seen before the light at the
stated frequency and) recorded

* Discussion of these poinfs, e.g.
opposite effects, could cancel or
could be systematic errors and not

1

1)

1)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

An explanation that makes reference
to the following points:

The potential difference creates

an electric field )
An (electric) field/force does @
work on the electrons

(mcreasing their kinetic energy)

Or an (electric) field/force
accelerates the electrons

(mncreasing their velocity) (1)
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Mark Scheme

Q1.

Q2.

i e o
gﬂ:;:: Acceptable Answer Additional Guidance Mark
(1) « Useof R=VT ()| Example of calculation
- V=22V D| yr=175x10-2A%x56001=98V )
AVVie=(12—98)V=22V
(i) An explanation that makes reference to the
following points:
Either
* 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 15 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)
{50 the p.d. across the lamp must decrease)
OR
+  Current flows through voltmeter (1)
®  So ciroust current mcreases
Or curent through resistor increases (l)
*  Sothe p.d. across the resistor increases (1)
3
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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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Q3.

Q4.

Q5.

Quesnon Acceptable answers Additional guidance Mark
Number

The only correct answer is D 6A 1

A is not correct because as it is 24 +

14

B is not correct because 24 +24

C is not correct because 24 + 34

ti ey c
g::;hl:: Acceptable Answer Additional Guidance
An explanation that makes reference to the
following poinis:

* The number of (free) charge carriers (1)
(per unit volume) in the thermistor 1y M:Pl Electrons okay for charge
decreased carrers

*  (Hence) the resistance of the (1) 3
thermistor increased

* And a larger fraction 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
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Question - . .
Number Acceptable answers Addirional guidance Mark
e use of 7= IR for the ammeter Example of calculation:
(1) | V=10x10"2Ax18 Q=0018V
¢ calculates current through the shunt DI DTQ%'DA —0.001A=1999 A
M | p=222Y_ g99x 1020
. 19994
¢  Shunt resistance = 9.0 = 10~
(€2) (dependent on MP2) (1)
Alternative if using 1/R rule for .
. Alternative:
parallel resistors
* use of /= IR for the ammeter V=10x10"2 A x1§ O=00I18V
. . -
. Calcglate.s equivalent resistance of R, = “'3:1; = 0.0000
the circuit -
1 _ 1 N 1
¢ Tses 1/R rule to calculate shunt 0.009 18 R,
2 _ 10-2
resistance = 9.0 » 107 (Q) s = 9.0x1070Q
Q6.
O_uesnol:} Acceptable Answer Additional Guidance Mark
Number
(i} T .
. The TV Tgr:{ph_ of an ohmuc couﬁu;tor MP1 accept converse ar t
15 a straight line through the ongin
Or V 1s directly proportional to J (1) MP?2 dependent on MP1
+ Hence Ohm's law 15 not obeyed for (1)
the LED 2
Q_uesnor-l Acceptable Answer Additional Guidance Mark
Number
() | Fither Exavmple of c:*llc;ulatmn:
) v 2V + P =5V
s  Vim =2V (from graph) 1) ]
. Useof Py +F =5V o ~Va =3;_
V R=————=16702
. Useof!f:T (1) 18107 A
« R=1700 (1
Or
8 1
+ Useof R= I— @
I (1)
s  Vim =2V (from graph) @
* Useof Ry + R=2780)
e R=1700Q M 4
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Q7.

Question
Number

Acceptable Answer

Additional Guidance

Mark

Ohm’s law requires
current to be
(directly)
proportional to the
(applied) p.d

Hence the line
should pass through
the origin

(There 1s scatter
around the line
drawn by the
student so) the
correct line may be
a curve

Conclusion that this
graph does not meet
the conditions for
Ohm’s law so the
student’s statement
15 invalid

1)

ey

1)

(1)

For MP1 accept Ohm'’s law requires [ o
v

In MP2, credit students who check values
from graph to see 1f I doubles when ¥
doubles

In MP3, credit students who draw a curve
onto the graph

MP4 dependent upon MP2 OR MP3

Q8.

Question
Number

Acceptable answers

Additional guidance

Mark

* Calculates p.d. across mternal resistance (1)

¢ Useof R=VF/1TI

¢ Internal resistance =6 Q

Example of calculation:

V. = 8.2V —-55V=27V
(1) .27V

=
045 A

(1
r=600Q
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QO.

Question Acceptable answers Additional guidance Mark
numhber
¢ R71=0.7-028kQ [read from graph] (1) Accept use of
¢ Use of F=IR (with 3.5 Vand R7) to find (R
and F'=IR (with FF=3.5 I} to find R (1) Vo=V4 R-R l
e R=1100-1300Q (1) - *
Or
"’Tcut"r(""e - ."J.nut) xRr=R
Example of calculation:
3.5
I =——=0.0047 A
750
R=—""_=11700Q
0.0047 3

Q1lo0.

Question

Number 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
1:;.& ( ) (1) | MP2: Accept I o« F because
creases. . . L
(external) resistance in the circuit is 2
v constant, so the current decreases
s J[=— sothe
R (L
current
decreases as the
(external)
resistance in the
circuit stays
constant
(ii) o UscofI=" (1) | Answer in range with no working
R . ,
. shown scores MP3 only
with R=220Q
or (220 +1) Example of calculation
352V "
e (Sumofemf = T 2200 =1.60x107A
sum of p.d. (1)
i e—V 4.0-3.52)V 3
1».?3::1111gta:»]{£_V:I - _ o3 1 —2000
useof r= — I 1.60x10A
with I from MP1
e =300 (allow 1

answers l.ll I'E‘lllg&‘
280-320)
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Q11.

{_‘i.‘:it;::-l Acceptable answers Additional guidance Mark
(i) Example of calculation
o Use of R=pld (1) 160m=06x10"m
o Using 4=0.5x28 (x10¥m?) (1) 0.5%107mx28x107m
R=68.602
 Useof V=IR (1) | 1.57 =Ix68.60
. 7=22(mA) (1) I'=13V/68.602
I=0022A=22mA 4
Question Acceptable answers Additional guidance Mark
Number ; P ) g
ii 1) | Use of show that val 1
@) + Use of F=BIL ecf values from (1) S 4 ;Ef 10?2 % LS gives
+ Force=53x 105N ) | 2
Example of calculation
F=040T=0.022A%06%10"m
F=53x10"N
Q1l2.
Question .. :
Acceptable answers Additional guidance Mark
number
Allow red fr th
An explanation that makes reference to- mi" e uce_ rreat e pa
or dnft velocity of electrons.
* A rise in temperature causes the amplitude of the
vibrating 1ons to increase (1)
¢ This causes the number of collisions per second
between the 1ons and the moving electrons to
increase (1) Accept current decreases
# So the rate of flow of electrons decreases
(causing the resistance of the metal to increase) 3

0y
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Q13.

Question
Number

Answer

Mark

(a)

Use of & = BA
Convertsemtom OrmT to T
$=11x=10""Wb

Example of calculation ]
F=60x10"m=24=x10"m=T4=x107T
$=107 = 10* Wb

(D)
(D
(D)

(b)

Use of £ = AD/Ar

Use of time = distance/speed

E=533mV (5.0mV or 5.5 mV depending on value of & used. ecf value
of @ from (a))

Or

Quotes & = Blv

1=6.0 x10"m used

£€=53mV

Example of calculation
Time=0024m/12ms"
t=0020s
e=11x10"Wb/0.02s
=55mV

1

(D)
(D
(1)

(1)
(1)
(1)

(c)

Useof I=V/R
Use of F =Bl

F =98 x 10° N (ecf value of £ from (b))
Thas force 1s too small to be felt. (this comment mmst be consistent with
their value of force)

Example of calculation
I=535mV//0250=0022A
F=74x 10" T » 0.022 A = 0.060 m
F=98x10"N

(1)
(1)
(1)
(D)

Total for guestion

10

Q14.
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Question
Number

Acceptable Answer

Additional
Guidance

Mark

V. =
lamp
OR R +R,

in circuit A, V=1IR,,,
[

1"R|'|:'I'ﬁ‘;ﬂ' _Rr'aj;mr]

when Rresistor has its

maximum value, I = 0

and I=

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

h o, V

so by making R4
equal to zero a full
range of p.d. s
(from0Vto12 V)
can be applied
which makes the
circuit more
suitable

(1)

(1)

(1)

(1)

(1)

(5)

Q15.
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?::::]jz:-l Acceptable Answer Additional Guidance Mark
(i) Use of y-sensitivity value (1) | Example of calculation: 2
Fa=40V 1) |Wp=2x20V=40V
(i) e Useofl =2 (1) | Example of calculation 3
R 40V
o Use gffrms = \TDE . {l} Iﬂ = 153'?26:?1026? A
Oruse of 1, = j L. =— = — 0.0189 A
e I_.=00194A ECF (1) 2
fromf(1)
(111} . _ (1) 3
* UseofR=R, +R, Example of calculation:
_ g2 T
. UseofP_—I R (or other valid (1) R=1500+ 1200 =270 0
power equation)
_ P=I'R
. P=0096W ECF from(1i) and (1) = (0.019 A)?
(@) X 270 0 = 0.0964 A
Q16.
Question - .. . o
Number Acceptable answers Additional guidance Mark
B 1
Q1l7.
Question Acceptable answers Additional guidance Mark
Number
Example of calculation 3

e Useof ¥ =1IR (1)
e Use of Viotal = Pmeter + Vmulﬁplier (1)

# Choice of R=25000Q (1)

V across meter = 0.0016 A x 625Q =10V
Vacross multiplier=50V-10V=40V

40V
0.00164 2500Q

R mltiplier =

MP3 dependent on MP1 or MP2

Q1s.
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Question

power supplied when % =1(1)

Acceptable answers Additional guidance Mark
number
(i) R=4740() Example of calculation:
R=27V0.057TA=4740
1
(ii) o Use of &1+ or correct attempt Answer consistent with calculated value.
to find » (1)
s »=579 0 or find ratio & (D Example of calculation:
_ n (6.0V —2.7V)
¢ Makes conclusion by comparing =—————-50=5790
.. ; 0.057 4
r and R, recognising maximum 3

Q1o9.
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Indicative content:

o  (Maximum/Tmtial) current 1s equal

to battery emf divided by R
Or current as switch closed
Or current as complete circust
Or current due to battery

Coal rotates

(movement of) coil “cuts/changes™

(magnetic) flux (linkage) / field

*  Which induces an emf {according

to Faraday’s law)

* (Opposes origmal emf/current
according to Lenz's law
Or current reduced as effect
opposes change

* The faster the coil rotates the

larger this (back) emf/effect the

smaller the current

Question | Acceptable Answers Additional Gudance

Number

*
This question assesses a
studn:-?nt’s ability to show a I.C I .Max Max
coherent and logically structured points | mark | linkage | final
answer with linkages and fully- mark | mark
sustained reasoning. available

6 4 2 -

Marks are awarded for indicative 5 3 5 5
content and for how the answer
is structured and shows lines of 4 3 1 4
rEESDniI"Ig. 3 2 1 3
The following table shows how 2 2 0 2
the marks should be awarded for 1 1 0 1
indicative content. 0 0 0 0

1c3 needs a link to co1l moving

icd depends on 1c3

Q20.
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Question | Answer Mark
Number

(a) The capacitor stores charge Or capacitor charges from the supply (1)

The idea that the capacitor doesn't fully discharge before being recharged. (1) 2
(h)(i) (64+44H2=54V (1) 1
(b)(i) | Useof F=1IR ) ) (1)

Average [=54 V(22 % 10°Q) =2 5= 107 A ecf value form (b)(1) (1) 2
(b)(m) | Tune =17 ms or 17.5 ms (1) 1
(b)(iv) | Use of Q =Ir (1)

Use of C =0T (1)

Use of AV=20V (1)

C' =21 pF (ecf values of ] and 7 from above) (1) 4

Example of cplcularion . _

0=25x10"Ax17=107s=425x10"C

C=425=107C/20V

C=21pF
(c) Uses a larger capacitance (1)

Because a larger time constant 1s needed

Or stores more charge

Or less AV=AQ/C (1) 2

Taotal for question 12



https://stemup.co.uk

Mark Scheme

Q1.
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B Additional guidance Mark
Numbher ANSWETS
o Useof AE = mcA@ (1) | Example of caleulation: 6
Use of AE = LAm (1)
Apply 3% to calculate For aluminium when being heated up to m pt.:
energy saved (1) |AE=14x10"3kgx902]kg *K™! x (660 — 293)K
— 3
e Useof P=VIiar (1) AE =4.63 X107 ] .
Use of O =TIt For aluminium when melting:
seoty AE =14% 10 % ke X 396 X 10° Jkg™! = 554 x 103
¢ UseofP =¥ or (D
Useof E =0V
* 2.69 X 10° ] compared
with 1.93 x 10°] (1)
for energy saved.
and concludes claim
mnvalid. 0.95
Or a phone could run Energy saved = —— X (4630 + 5540)]
for 5 days compared 0.05
to 7 days and
conclusion claim invalid
Or a phone could Energy saved = 1.93 X 10°]
run for 433 900 s _ -2 .
compared to 604 800s | P =37V X 120X 102 A=0.444W
and conclusion claim AE = 0.444 W X 7 X 24 X (60 X 60)s = 2.69 X 10° |
invalid
Q2.
Question Acceptable answers Additional guidance Mark
Number

t

s Useof P _z

¢ Time = 13 hours

» Use of P = FT for panel (1) Example of calculation:

(1) Total Power of panels=
380 x5.5V <045 A=9405W

(1) Time to charge = 12000 / 940.5 = 12.8 hours

Q3.
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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
gy 2
< 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)
AIEEELT Acceptable Answer Additional guidance Mark
Number
(b)(iii) Example of calculation:
» calculates area = (1) | 4= H['Dmlmm}z — 0.13 mm?2
0.13 (mm?) L2
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
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)
Q4.
D'uesrimll Acceptable answers Additional guidance Mark
Number
C 1

Q5.
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Question Mark
Number
(a)(i) Use of P=1T7 (1)
Power = 2000 W (1) 2
Example of calculation
Power=125A =230 V=2873 W
(a)(ii) P=FE#% (1)
Energy = 400 000 I (ecf from (1)) (1) 2
Example of calculation
Energy = 2873 W = 140 s =402 500 1T
(a)(ii1) Use of efficiency = useful energy output / total energy mput (1)
= 0.87 or 87% (ecf from (11)) (do not award 1f = 100%) (1) 2
Example of calculation
Efficiency =351 000 T/ 402 500 J= 0287 or 87%
(b) Some energy transferred by heating the kettle / element / wires /
surroundings
Or Some energy transferred as sound (1)
So not all of the (input) energy 1s transferred to (heating) the water
Or so useful energy output 1s less than energy input
Or only the energy heating the water 1s useful
| 2
Total for question 3
Q6.
Question .- ; _
Acceptable answers | Additional guidance | Mark
number
D
Q7.
g-:::z: Acceptable Answer Additional Guidance Mark
@) Use of P = VI (1) | Example of calculation 2
P=1900 W (1.9 kW) @ | p=230vx 820A=1890W
(a)(ii) Use of AE = mcA# Example of calculation 3

Useof P =22
At

At=112s0r 1135 [106s or 107
s if show that value used]

ECF from (a)(i)

ey

ey

AE = 0.655kg X 4190 T kg 'K !
% (100 — 22.5)K
AE =213 x10%]
213 x10%]

890W = 11255
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g:i;?;g: Acceptable Answer Additional Guidance Mark
(b)(i) ¢ After a short time of boiling in 1
the flask, all the apparatus would
be at 100°C.
Or so energy is not being usedto (1)
heat up the flask
Or so steam won't condense in
the flask
(b)(ii) . _ 1 Example of calculation 3
¢ Useof AE =mlL (1) Am _95x 107 kg
* Useofp =2 @ |"ar T 125
(1) |=7.6X10"*kgs™!
e 1T20W(172K AE
(L72KW) — =7.6%x10"*kgs!
At
x 2.26
% l':]ﬁ] kg—i
P=1720]s!
(b) (i) ¢ Comparison of answer to (a)(1) ﬁ:'g' rate at Wh'ldl_ ﬂl&rmﬂl EMETEY 15 3
th answer to (b)(ii) (1) | supplied to the water n the flask 15
w greater than rate at which thermal
» Not all of the energy from the energy 1s removed from the water
heater 15 used to turn water from in the heat exchanger.
liquid state into vapour (1)
Or energy 1s being used to heat If answer for ( b)(11) 15 bigger
the heat exchanger (1) | than 2 kW.1 mark for correct
Or not all the steam condenses in companson can be scored.
the heat exchanger
* Some energy is transferred to the
surroundings
Q8.
Question ) .. .
- Acceptable answers Additional guidance Mark
Number
The onlv correct answer is B It increases because there 1s an 1

Q9.

vibrations not affected

not affected

A is not correct because R decreases
as more conduction electrons
C is nof correct because lattice

D is not corvect because lattice vibrations

increase in the mumber of
conduction electrons.
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Question ) . . .
Number Acceptable answers Additional guidance Mark
(i) » Useof P=1V (1) | Example of derivation:
o Useof I"'=e—FOr "= 180 - 0.036] (1) BBEW =1 xV
s Converts kW to W and rearranges BBEW =1 x (180 — 0-03!:31)
equation to that shown (1) 88000 = 1801 — 0.0361
0.036° — 1801 + 88000 =10 3
(ii) ¢ TseofO=1Ir (1) | Example of calculation:
6.1Ah=550Axt
* Time that batteries can deliver this
power =40 s 50 more than 7 s (1) |r=0011h=40s )
Q1o0.
g:j:;:? Acceptable Answer Additional Guidance Mark
(1) Use of y-sensitivity value (1) | Example of calculation: 2
Va=40V @ |Vp=2x20V=40V
(ii) e Useofl =~ (1) | Example of calculation 3
J o =20V 02674
* Useofl.. =7 ] " 0 ng&;?A
— =V .
Oruse of V. = 7 L, = = = 0.0189 A
e [_.=0019A ECF 4] -
fromi1)
(1i1) . _ (1) 3
* Useof R=R, +R, Example of calculation:
) =2 -ali
. LseofPl I“R (or other valid 1) R=1500+1200 = 2700
power equation)
— . . I{].:l F=1IR »
» P=009W ECF from(i) and = (0.019 A)?

(11)

X 2700 =0.0964 A
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Mark Scheme

Q1.
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Question

Acceptable Answer|

N Additional Guidance Mark
umber
* T]:us question assesses a student"s_ Marks are awarded for indicative content and for how the
ability to show a coherent and logical | answer is structured and shows lines of reasoning.
structured answer with linkage The following table shows how the marks should be awarded
and fully-sustained reasoning for indicative content.
Indicative content: =
Number of MNumber of
IC1 Asthe magnet moves indicative marks awarded
through the coil there is marking for indicative
3 li:hﬂ;lge in maa:m:tic flux ].iIlkaEE points seen in | marking points
l:“-'l-th C01-1:| 'ﬂll.‘i'\:tf =
Or as the mapnet moves through 54 B
the coil the coil cuts (lines of) 2 3
magnetic flux 1 0
Or as the magnet moves through 0 0
the coil the coil cuts magnetic
field lines
IC2 Anemf is induced
acrozs the coil Total marks awarded is the sum of marks for indicative
IC3 This generates a cument content ?nd the marks for structure :md lines of reasoning
in the (capacitor) circuit IC points | IC mark Max linkage Max final
) mark mark 6
Cc4 The diode only allows
) S 6 4 2 s
current in one direction
3 3 2 3
IC5 So capacitor is charged 4 3 1 4
(repeatedly) 3 2 ] 3
IC6 When switch 1s closed 2 2 0 2
capacitor discharges 1 1 0 1
ﬂf]IOllgh the LED 0 0 0 0
Q2.
t'_)_uesnoI} Acceptable Answer Additional Guidance Mark
Number
(i) . :
. Thc IV gr:{ph_ of an ohmie coudu;tor MP1 accept converse at t
15 a straight line through the ongin
Or V is directly proportional to 7 (1) MP?2 dependent on MP1
* Hence Ohm's law 1s not obeyed for (1)
the LED 2
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%ﬁg:: Acceptable Answer Additional Guidance Mark
() | Either Exa'mple of <:f|1<::l.11:{tmn:
. 2V 4+, =5V
s  Vim =2V (from graph) 1) ]
. Useof Uy + V7 =5V ol Vs =3;v
¥ =————=16702
. Useof!{=? (1) 18x107A
» R=1700 (1)
Or
- 1
s Useof R= I— @
I (1)
s Vim =2V (from graph) @
e Useof Ry +R=2780)
e R=170Q a 4
Q3.
Question A bl - Additional guid Mark
Number Acceptable answers z tional guidance ax
(a) _ ) ) Example of calculation
* Use of R = F/Tusing pair of points @
from the graph R=700V/1444
« R=490 D | r=4860 2
Question - P . §
Number Acceptable answers Additional guidance Mark
(b) ) ) s
s (Calculated resistance point plotted 1)
correctly at (4.9 Q, 7.0V) 49Q —
Resistnce | "
» Resistance mncreases (constantly) with (L)
potential difference i 3
s Positive intercept with y-axis (less than @ porasial el

value from (a))

awarded.

MP3 conditional on MP2 being
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%‘;::E:: Acceptable answers Additional guidance Mark
+  (€) This question assesses a student’s
ability to show a coherent and The following table shows how the marks
logically structured answer with should be awarded for structure and lines of
linkages and fully-sustained TEasomng _ —
reasoning. }L_md['ﬂd'} faris
Marks are awarded for indicative ::S;n:re 1?;1 lines
content and for how the answer 1s ofreasonilng
stru::m.re-d and shows lines of Answer shows a >
Teasomng. coherent and logical
The following table shows how the structure with
marks should be awarded for hnkage ﬂﬂf_i fully
structure and lines of reasoning susiamed lines of
MNumber of Number of marks Frasomng
S . demonstrated
indicative points awarded for
: T - throughout
SEEn 1 answer mndicative pomis — -
5 3 Answer 1s pa_rtmlly 1
54 3 structured with some
33 5 linkages and lines of
- = = TEas0ng
1 : Answer has no 0
0 0 linkage between
points and 15
Indicati et unstructured
ndicative conten Accept charge camiers for electrons and only
* (As Vmgreafses) o penalise once for omission of charge carriers
accelemnqmvelccﬁy’energy of or lattice ions
electrons increases
* greater energy transfer in collisions Linkage marks
with lattice / 10ns Number of Paossible linkage
* increasing the temperature of dicative . marks
metal/filament/ions content points
awarded
* amplitude of vibrations of lattice/ 1ons 01 0
mereases i )
. L 2,3 1 0
* collision (rate) between lattice fions ’
and electrons increases 4,56 2
Or shorter distance between collisions
Or greater chance of collision )
e MP1 don’t award for “increased rate of
® due to the mncrease n resistance, flow®
current doesn’t increase in proportion
to potential difference MP2 to award mark there must be the
Or due to the increase i resistance idea of in{_‘]'eﬂse(]_."gre;{ter energy
the ratio of I'V decreases transfer between electrons and ions
Q4.
2‘11]1:;;;::-1 Acceptable answers Additional guidance Mark
(i) (1) | Example of calculation:
o Useof V= f l'm;—;,':— 24V
rms 2 va
M @
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Q5.

Q6.

Question
Number

Acceptable answers

Additional guidance

Mark

(i)

Energy is conserved
Or Kirchoff's law
Or potential
difference is energy
per unit charge

Sothesumofpdsina
series circuit must
equal the em f
applied

(MP2 is dependent on
MP1)

(1

(n

accept work done for energy
accept Vi for emf

Alternative:
Current is the same in both components (1)

IVmw= ITe+ ITpand ] cancels (1)

@

(i)

Alternate half cycles of sine
curve (with peak about
iv)

Horizontal line in 1¥ half
cycle and negative
half cycle of a sine
curve in 2% half cycle

horizontal lines/spaces at a
value of potential
difference of 0.6 V to
08V

(n

(1
(1

Vil V
™

\
.D & al
| !‘III L o time /s
\
Y
-3 { s

(3)

Question
Number

Answer

Mark

B filament bulb

Incorrect Answers:
A — this 15 not the graph for a diode

C — this 1s not the graph for an ohmie resistor
D — this 1s not the graph for a thermistor
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Question Acceptable answers Additional guidance Mark
Number
(i) An answer which makes reference to- 3
* Diode only lets current through n one (1)
direction
* (In positive half cycle of mput) D2 and
D4 conduct 4y
Or In positive half cycle of input D2
conducts
Or (In negative half cycle of input) D3 and (1)
D1 conduct
Or negatrve half cycle D3 conducts
* Current towards X Or down through R
OrXto¥
(ii) + Read off corresponding values of I and (1) | eg this can be any 7 {1n ms) and 3
t from graph corresponding ¥
(1
e UseofinV = InV. — = Example of calculation
o RC (1}
C=35x105F 1n3.5 = In4 — —008 5
= pod 3 = —_—
* > " T 22000 xC
. B} C=27=10°F
range 2.7 * 107 Fto 35 = 10—~ F
Alternate:
I=38V/22kQ=173mA
Alternate method
* UseofI=VIR =173 mA *8 ms=13.8 x104C
o Useof @=Irand C=AQ/AV C=138=10°C/04V=34x10"F
o C=27=x10%Fto335=10°F
Q7.
Q'u estion Acceptable answers Additional guidance Mark
Number
C 1
Q8.
Q_“ﬁm)[_l Acceptable answers Ad'.imﬂnm Mark
Number ouidance
A The pd. across the resistor added to the p.d. across the thermistor must 1

equal 6 V. This occurs when the current 1s 0.5 A

0.5

B assumes all the p.d. 1s across the thernustor
C assumes that resistor and thermistor connected 1n parallel
D assumes that the p.d. across the resistor and thermistor 15 more than 6 V
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Q9.

Q10.

Question
Number

Answer

Mark

B thermistor graph

Incorrect Answers:

A — ohmic conductor graph
C — filament lamp graph

D — diode granh
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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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Question
Number

Acceptable Answer

Additional
Guidance

Mark

V. =
lamp
OR R +R,

in circuit A, V=1IR,,,
[

1"R|'|:'I'ﬁ‘;ﬂ' _Rr'aj;mr]

when Rresistor has its

maximum value, I = 0

and I=

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

h o, V

so by making R4
equal to zero a full
range of p.d. s
(from0Vto12 V)
can be applied
which makes the
circuit more
suitable

(1)

(1)

(1)

(1)

(1)

(5)

Q12.
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e Acceptable answers Additional guidance Mark
number
* This question assesses a student’s ability to Guidance on how the mark
show a coherent and logically structured scheme should be applied:
answer with linkages and fully-sustained The mark for indicative content
reasoning.
should be added to the mark for
Marks are awarded for indicative content lines of reasoning. For example,
and for how the answer 1s structured and an answer with five indicative
shows lines of reasoning. marking points which is partially
The following table shows how the marks s_tmctured ‘mth. some linkages and
should be awarded for indicative content. lines of reasoning scores 4 marks
(3 marks for indicative content
Number of Number of and 1 mark for partial structure
indicative marks awarded and some linkages and lines of
marking for indicative reasoning).
points seen in | marking points If there are no linkages between
ansv;er 1 points, the same five indicative
] 3 marking points would vield an
19 2 overall score of 3 marks (3 marks
1 1 for indicative content and no
0 0 marks for linkages).
Question Acceptable answers Ad(;llllﬂ]lill Mark
number guidance
* The following table shows how the marks should
(continued) | be awarded for structure and lines of reasoning.
Number of
marks
awarded for
structure of
answer and
sustained
line of
reasoning
Answer shows a coherent and 2
logical structure with linkages
and fully sustained lines of
reasoning demonstrated
throughout
Answer 1s partially structured 1
with some linkages and lines of
reasoning
Answer has no linkages 0
between points and 1s
unstructured
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Question Acceptable answers Adl.]ltmna] Mark
number guidance
* Indicative content Allow provides
(continued) dc to charge
* The supply creates a changing magnetic field in the iron battery or similar.
core
¢ Rate of change of flux in toothbrush coil is equal to rate
of change of flux in charger coil (for an ideal
transformer)
* The changing flux linkage in the coil of the toothbrush
induces an e m f according to Faraday's law
¢ E=—N do/dt s0 to step down the e.m f there must be
fewer turns in the toothbrush coil
* The em f in the toothbrush coil must be larger than the
toothbrush battery 6
¢ Diode is included so battery 1s not discharged by the
alternating e.m f.
Q13.
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)
o Current through fixed resistor R=0.94 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
pd. (1)
* 5o the reading on the voltmeter will
increase. (1)
OR
* the current through R decreases (1) 3

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

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

Q14.
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Question

Number

Answer

Mark

(a)

Operable circut with bulb and power supply variable to 12 'V (1gnore meters)
Ammeter correctly positioned
Voltmeter correctly positioned

(volimeter may be across ammeter as well. or whole circuit — but not across
anv additional resistive components such as a variable resistor)

(1)
()
(1)

(b)(D)

The gradient of this graph 1s the rate of change of current with p.d.
Resistance 1s the ratio of pd/current
Or It 1s calculated using a value of pd + the corresponding value of current

Or 1t 1sn’t a straight line so the gradient 1s not R

{credit R not constant. so value at 6 V isn’t applicable to other voltages)

()

()

(b)(id)

Use of R=VA
R=4760

Example of calculation
R=0600V/126A
R=4760

()
()

(o)

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

The resistance increases

(Because) the temperature increases (accept heats up)

Increasing the amplitude of the oscillation of the lattice 1ons
Leading to more (frequent) collisions of electrons with lattice 1ons

Allow converse marks for an explanation explicitly based on decreasing
potential difference

(L)
(D
(L
(L

Total for question

11

Q15.

Question
Number

Answer

Mark

Q1l6.

Question
Number

Answer

Mark

Q17.
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(%uesnﬂn Acceptable answers Additional guidance Mark
Number
The only correct answer is C I 1
A is not correct because it shows ‘/
constant resistance L,
B is nof correct because it shows Vv
decreasing resistance
D is not correct because it shows an I
independent of V
Q18.
Question - . )
Number Acceptable answers Additional guidance Mark
*» Diode @)
¢ It conducts/allows current 1 one 1)
direction only MP3 allow threshold voltage
e The diode conducts when the p.d.
15 beyond 0.2-0.7V
Or For negative p.d.s the
resistance 15 (very) high
Or 1in the reverse/backward @
direction the resistance 1s (very) 3
high
Or at breakdown/large voltage the
diode will conduct in the reverse
direction
Q1l109.
Question . . .
Number Acceptable answers Addirional guidance Mark
¢  The diode only conducts (current) @
when the potential difference (2)
across if 1s (at least =) 0.7V D

¢  The diode does not conduct current
when the p.d. is
negative/reversed.
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Q20.

Question | Answer Mark
Number

(As temperature of thernustor increases) its resistance decreases (1)

(do not credit the converse)

(Large) increase in:

n Or electrons (per unit volume) Or charge carriers (per unit volume) (1)

Any One from (conditional on mark 2 and not awarded if there are

contradictory statements about any of these quantities)

(slight) decrease in v / velocity / drift velocity

A and O remain constant

Reference to R = V/I (1) 3
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Mark Scheme

Ql.
erlestmn Answer Additional Guidance Mark
Number
*  Use of Area = width = thickness (1) | Example of calculation: 3
1) 049 0mx0.115m
» UseofR=2 ( 12x 1030 =
e a 0.0050m x t
o |
o thickness =94 x 10~+m thickness = 9.4 = 10~*m
Q2.
Question : - .
Number Acceptable answers Additional guidance Mark
@ , .
* Vattop/start =0V o Alternative NS
Or recognition “potential divider Constant Current () in wire (1)
Or ¥ increases (by implication) (1) |p.d. across section of wire =Ir between
Or 7 at bottom = 1.5V A and loop (1) 3

Two sections of wire act as series

resistors

Or R=pll4 o
Or comment about & proportional to

length

I

1.5

£
lliE."

potential difference proportional to oy
length of wire

Increases from 0V to 1.5V hnearly (1)
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Question

Acceptable answers

Additional guidance

Mark

(using a SUVAT AND a=gsm &)

Valid comparnison of their calculated

guantity and the stated quoted
uncertainty.

(1) 06ms” =98Ims sind
g=36"

Number
(b Example of calculation
) * Tangentdrawnat 1.5s @)
#  Scales p.d. to give distance @ Gradient = 1IV-02Vv =0.9Vs!
s
*  Gradient determined using a base of As 1.5V represents 2.00 m
triangle of at least 1.0 5
+v 2.00m
Oruseof 5= w 5 ") tand correct ' (1) |v=09 V! sy 12ms’
- ® 3 4
read from graph o))
e velocity=10ms! —13ms!
Question _ " .
Number Acceptable answers Additional guidance Mark
{c) Use of (1) Example of calculation
seotv=utar 15ms™ =12ms™ +ax05s
Use of a=gsmn & M ﬂ_[l.?rms_l  0.6ms
05 T
Calculates a value for a. for v @ 4

Q3.
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Question Answer Additional Guidance Mark
Number
. ) 3
(i) e Calculation of mean (1) Example of calculation
e Use of half range Or maximum (1) F (1.40+1.44+1.42+1.41) mm
_difference from the mean - 4
) ) =1.42 mm
e % uncertainty = 1.4% (1) _
- (1.44 — 1.40) mm/2 1008
= b i
’ 1.42 mm "
=1.41%
(i) o Useof 4 = mr? (1) Example of calculation 3
l
« Uscof R =% (1) 142 x 1073 m\’
e p=6.9x107(Qm). so (1) A=m 2 N
Wire 15 nj.ade 158 x 10-5 m?2
from stainless steel
_0720x1.58x 107 m? _
p= 1.65m B
6.9x 107" Om
Q4.
guesh'm.l Acceptable Answer Additional Guidance Mark
umber
- I T MP3 accept R=18.150Q
* Useofd=mr withs @ WP3. Allow calculation of p using given
_ oL (1) | values and subtraction of total %
*« Useof R =— uncertainty
A .
*  With at least one of the Example of calculation:
following values @ | 4=7r? =1x(0.13x10%m] =531x10%m?
REI81e L=130m M R4 1810x531:10%n
. u p=rt SIS W _ 539,107 m
A=nx013x10"m/ L 1.30m
s p=(73->74)x107 Qm 4

Q5.
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Question Acceptable answers Additional guidance Mark
number
(a) s Use of Example of calculation:
R= £L & — L:df
4@ R, Ld
. i—‘? =0.5 [accept 2:4 or 1:2 or 1/2] (1) R_B B 2Ld” _E _05
* R, L(2dY 4 2
(b) » Correct F:ransfer of data for gradient (1) Answer to be consistent with
* Large triangle used (1) calculated value.
e p=113x10%0m (1)
Conclusion: Example of calculation:
¢ 1.1 10*Om is greater than 3 x 10° Om, | Gradient= pl =16.5x10° Om’
s? resistivity increases when clay is added p=165x 100 Om¥0.15m=11 x 4
@ 104 Om
Q6.
Question Acceptable Answer Additional guidance | Mark
Number
(a)(i) | An explanation that

makes reference to
the following points:

» total resistance of 1
strand decreases (1)

+ this increases the (1)
current in the
strand OR
remaining bulbs
are brighter

« greater power /
energy
consumption with (1)
blown bulbs OR
reduces the life of

the remaining
bulbs

(3)
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Question

Acceptable Answer

Additional guidance

Mark

Number
(a)(ii) |+ wuseof V=IRand (1) | Example of calculation:
addition of resistances Total current = sum of current in
in series to determine the four healthy strands +
current in strand with 5 current in the unhealthy strand
blown bulbs . ( - ) ( - )
% - S50x8.0 01 (45x8.0 N)+(5x3.00)
use of V = IR and
addition of resistances J=20A
in series to determine
current in healthy
strands
OR
use of resistance in
parallel and series to
determine total
resistance
« [=29A (1)
(3)
» 29A<3A sofuse (1) | Allow credit for a consistent
does not blow conclusion from an incorrect
calculation of current
%L:J?EEZP A:fssp;it;le Additional guidance | Mark
(b)(i) « usea (1)
micrometer
_ o rdy2
* A=n(3) (1)
OR A = ar?
and r = %
e repeats (1)
readings in
different
planes/pos
itions
(3)
SR Acceptable Answer Addltlonal Mark
Number guidance
(b)(ii) |+ current directly proportional

to cross-sectional area

(1)
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LDEEELT Acceptable Answer Additional guidance Mark
Number
(b)(iii) Example of calculation:
e calculates area = (1) | 4= ﬂ{'ﬂ--imm}z — 0.13 mm?Z
0.13 (mm?) L2
« useofy=mx +c (1)
1.: 1.38;\)(0.13:1]11" —28A
« I =28A (1) .06 mo
.« 28A<3Asothe (1) Wire is suitable as T < 3 A
Eree;z zu;ﬁfglfvit; Allow credit for a consistent
= conclusion from an incorrect
calculation of current
Accept converse working to
find diameter of 3 A fuse wire | (4)
Q7.
Questlor_\ Acceptable Answer Additional Guidance Mark
Number
(a)(i) |+ axes and labels (1) | Example of graph:
. 60
s suitable scale (1) © R
,/
+ all points plotted (1) 40 -
correctly 30 S
20 =
: . G o
+ line of best fit drawn (1) ||~ 10 v
= 0
O 200 400 600 800 1000 120014001600
I_..'A .-".Il'l'l
_ (4)
(a)(ii) | » attempt to measure (1)
gradient using large
triangle
« p=(0.035-0.041) (1)
am to 2 sf (2)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

(b)

Two problems identified

with solutions from:

« taking only one reading
could produce an
unreliable result

¢ 5o take repeat readings
of length and diameter

« metre ruler cannot be
used to measure the
diameter with sufficient
precision

OR metre rule can only
measure diameter at
ends of cylinder

¢ 50 use Vernier callipers
instead

« comment about non-
uniform shape

* 5o take repeat readings
at different positions/
orientations

(1)

(1)

(1)

(1)

(1)

(1)

Accept micrometer
giving precision of
0.01 mm for
diameter

(4)

Q8.

Question
number

Acceptable answers | Additional guidance | Mark

D

Q9.
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F=53x10"°N

F=040T=0022A%06x10"m

g:':]igz: Acceptable answers Additional guidance Mark
(i) Example of calculation
» Useof R=pl/4 (1) R 1.60m=06x10"m
e Using 4=0.5x28 (<106 m?) (1) 05107 mx28x10"m
R =68.60)
e Useof V=IR () | 1.5 =Ix68.6Q
. I=22(mA) (1) | f=15V/68.60
I=0022A=22mA 4
e Acceptable answers Additional guidance Mark
Number ) P : sut
ii 1) | Use of show that val 1
@ ¢ Use of F=BIL ecf values from (1) S 4 ;e:n 10}? 1} L v gves
+ Force=53x 10N @ | 2
Example of calculation

Q1lo0.
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Example of calculation
Energy =64 x 107°7/1.6 x 10 C
Energy =4.0 eV

Question | Answer Mark
Number
(a) A statement which mmplies only certain energy levels are allowed e g.
Allowed/possible energy of atoms/electrons
Discrete energy of an atom/electron 1) 1
(b) Identifies correct pairs of levels, 4 and 2 AND levels 2 and 1 (1)
Two arrows both showing correct direction [irrespective of identified levels] 1) 2
Level 4 0
Level 3 | =18
Level 2 ¥ -312
Levell ———— ¥ 64
(c) Max 3
Atom/electron gams energy and moves to a higher level
Or atony/electron becomes excited (1)
atom/electron has discrete energies
Or atom/electron can only move between fixed levels (1)
Or only certain energy changes are possible
atom/electron falls to a lower level (1)
By enutting energy in the form of photons Or reducing their energy by
emitting photons (1)
Photons have a specific energy/frequency Or reference to E= if Or photon energy
= Ex— Ei 1) 3
(d) Use of E = hf with any of the g)ossible energy differences 1)
Identifies AE as (+) 0.4 (x 107 1) 1)
f=6.0x10"Hz (1) 3
Example of caleulation
Smallest energy difference is 0.4 x 107 J
f=04x10"7/6.63 %1075
f=603x 10" Hz
(e) Divides an energy by 1.6 x 107 1)
Energy = 4.0 (V) (no ue) 1) 2

Ql1.
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%‘;i:lg:: Acceptable Answer Additional Guidance Mark
(a) ¢ Useof R=V/I(1) Example of calculation:
¢ Useof R=pl/A (1)
e p=134x=10"0m (1) R=150V/i411A=03650Q
p=RAT=0365Q == (1.82 = 10732
m*/0.707 m
p=134%10750Qm 3
(b) An explanation that makes reference to: Example of calculation:
» Calculates percentage uncertainty (02707 x100% =03 %
in/as 0.3% and in d as 1% (1) (0.02/1.82)x 100%=1%
s Calculates percentage uncertainty %WUinp=2x1%+03%=23%
in resistivity by doubling that for 1.34 x107% x 0.0023 = 0.003
d and adding that for 7 (1) 13721078 = p = 1.31x107°
¢ Calculates range of values for p (1)
Using these values the technician If answer to calculation 1s wrong, then
could not conclude whether the credit can still be given for MP4 for
wire was Kanthal or Nichrome (1) comments consistent with the calculated
value.
If no calculation is completed then MP4 4
cannot be awarded.
Q1l2.
?‘ﬁﬁ;g: Acceptable answers Additional guidance Mark
% This question assesses a student’s abality to
show a coherent and logically structured IC IC mark Max Max
answer with linkages and fully-sustained points linkage final
feasonImE. mark | mark
Marks are awarded for indicative content and available
for how the answer iz structured and shows 6 4 2 6
lines of reasoning.
5 3 2 5
The following table shows how the marks -
shonld be awarded for indicative content. 4 3 1 4
o Useof R=pll4d 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
1s proportional fo {)
+ This is because current is constant
throughout length
+  When the voltmeter is across the
whole length it will read the p.d.
across the cell/ 1.5V
Or when the voltmeter terminals are 5
together it will read 0V
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Q13.

Q14.

Q15.

QuESfID]..l Acceptable Answer Additional Guidance Mark
Number

» The measurement of resistance 1 MP1 accept use of 0.05 giving 0.3 %

has an uncertamty of 0.6 % @ Example of calculation:

Uncertainty in

* The measurement of the lenggth 010 o o

has an uncertamty of 4 % @ - IEIEQXIGO,{:_ 0.55%
»  The measurement of the diameter Une ert;u E‘f" e

has an uncertainty of 4 % @ | 000m h0es — 400

1.25m

s  The % uncertamty n diameter 1s Uncertainty in

doubled giving the greatest (1) 0.0lm ) )

amount of uncertainty into the d= 37 #100% =3.7%

value for the resistivaty ~m 4

Question . : I
Number Acceptable answers Additional guidance Mark
*  Useof m° (1)
o UseofR=p0lld (1)
e Length=0056m (1y | Example of calculation:
Area = w(0.95 x 10~%m)?=2.8(4)=10°°
m?
[ = 2.0x10 3 Nxz.0(4)x 1075 m? —0056m
4.55%10°7 0m
3

“Show that™ value [ = 0.062 m
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gtig:: Acceptable Answer Additional Guidance Mark
¢ Useofd= i Or use of mr?
4
E )
¢ UseofR= % 1)
o C(Calculates [ — 1.5 (1)
¢ Height=27.1 m so 1t 1s not
taller than 30 m (1)
OR
. Example of calculation:
o UseofA =%Druse of mr? A
nd* mx(1.2x107°m)* |
¢ (Calculate wire length wire for ~Tz =1.13X10
30 m statue [[ = 31.5 m] I RA
o UseofR=2 P _ _
4 _ 43x107%0 % 1.13 X 10™*m?
* R=47x10°Q(=43x107 B 1.7X107%0m
(?) so statue 15 not taller than = 28.6m 4
30m Height =286 m—15m=271m
Q16.
Question . . _
- Acceptahble Answer Additional Guidance Mark
Number
(a) # As graphene is only 1 atom thick so the MP1: accept graphene can only
CSA/thickness is far smaller than for a be 1 atom thick but steel can be
sample of steel any thickness
Or most applications need a thickness
greater than one atom (MP1. treat references to
Or 1f more than one layer of graphene cost/energy as neutral)
15 used 1t will be weaker or the bonds
between the layers will not be strong
Or Graphene 1s difficult to
manufacture because 1t has only one
atomic layer (1)
¢ Although graphene has a greater (1)
breaking stress it will break at a lower
force
2
Question o, . \
— Acceptahble Answer Additional Guidance Mark
Number
(b) * Use of depth of graphite = 100 = (1) | Example of calculation
diameter of 1 carbon atom Depth of graphite = 100 % 1.4 =
O 10 m=14=10"%m
¢ Use of cross-sectional area = depth =
(0.5 x 107 m) CSA=14x10%mx 050 x
D) (10 m=70x%10"m?
RA
* Useofp= F 1 _ L029 %1050 % 7.0 X10™2m?
- . _0200m -
* p=36x10°0mOr36uQOm 36107 Qm 4
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Qlueshun Acceptable Answer Additional Guidance Mark
Number
(c) Max 3
¢ Silicon will only release a (photo) MP1: accept single frequency
electron for a (1) | for limited range
limited range of
frequencies/wavelengths
(1)
* Silicon releases only one (photo)
electron per incident photon (1)
o (Greater current (for the same
illumination) 1n graphene (1)
¢ Graphene (cells are) more efficient
Or graphene cells could be smaller /
cheaper / thinner 3
Q1l7.
T Acceptable answers Additional gmdance Mark
Numbher . i
Use of ¥ = IR (1) | Example of calculation
18V
n=—————=18950
Use of R =pl/4 D) | Ren=5 =2
Rum=—? _=84210
(Min) resistivity = 160 (Q m) %5 X107 A
Or (max) resistivity = 730 (Q m) 1 meE:w =1642
i 0.75m
Compacted clay pathways and Qm
limestone are present mn the soil (1) - RA _ 84210 x0.650m® _ 770.8 4
mET T 0.75m T
Om
conclusion to be consistent with
calculated values

Q18.
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Q19.

?_11::;:;::.1 Acceptable answers Additional guidance Mark
(i) |+ Use ofcross-sectional area =72 Or
ad® (1) Example of calculation
4 A=m7(19= 10" m)’ =1.134 = 10~ m?
ol (1) R_I:S.b:-ciﬂ_sﬂm][ 1.6 m]—?g 010
+ Use 0fR=: T iaizaxio—tm?® )
1) Rpx=14=79010=110620
+ Correct use of factor of 14 p= =":40.t:=52-1 W
2 {]} 1106.2 62
* Useof P= %
« P=W @ 0
Question - - . .
Number Acceptable answers Additional guidance Mark
(ii) | Either
* Initially( the resistance is low so)
current will be the greatest (1)
* As P=PR the greatest power is 1)
transferred
1
# Change in current has more effect
as it is squared
(1)
+ Heating effect greatest when R is
lowest. so breaks when switched
o1l
1)
OR
1)
+ p.d. is constant
1)
« P=V"R
+ Power is greatest when R is @
lowest
¢ Heating effect is greatest when R
is lowest, so breaks when 1
switched on @)
1
OR 1)
. 1)
¢ p.d 1s constant
+ Inifially (resistance is low so) 1) 4
current will be the greatest
¢ Ag P=IV the greatest power is
transferred
¢ Heating effect is greatest when R
is lowest, so breaks when
switched on
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2_:::;:;::.1 Acceptable answers Additional guidance Mark
270K corresponds to a range allow 2 x 10°°Qmto 2.1 x 10 Qm
resistivity of 2 % 1078 {0 m) (1)
Use of P=VT @ Example of calculation:
Use of R=pl/A @ | 40%10° W =110x10" VxJ
. I=364A
Use of P=IR 1 . .
2x107 Qm=1.050=10" m =
Power losses from copper R= = 5, 2 =010 >
1452107 m
cables 19 kW so more than -
7 kKW and that the F=364"A"x01450=192kW
superconductor would save
energy. MP3 dependant on
MP2.3.4 (1)
(Acceptable range for Power losses:
26 kW to 34 kW)
Q20.
Question Acceptable Answers Additional Guidance Mark
Number
{a) A description that makes reference to two of
the following:
» No need for further calculation Or gives (1) | Do not accept more precise or no
a value for resistance without calculation parallax or quicker
No need for an additional power supply (1)
Uncertainties caused by two devices s .
(possibly) greater than that caused by one (1) -
device
Question Acceptable Answers Additional Guidance Mark
Number
(b)) s (As applied force increases) the length (]) Reference to formula may be m terms
(of wire) increases/stretches Or the wire (1) | of proportionality or direct quote of
is longer equation _ o
s the resistance increases with reference to (1) | Do not accept change mn resistivity 2
rR=2
A



https://stemup.co.uk

Question Acceptable Answers Additional Guidance Mark
Number
(b)(ii) (x may seen in place of w)
_ AR
¢ Useof GF = — )
€0 R @ Example of calculation:
« Substitution of € == into GF equation GF =28
w (1} d eR
) o — 0001
» Aw=25x10"°m (L) ﬁwfts 102)
Aw=25%10"°m 3
Accept 25 x 1073 cm /2.5 x 1072
num
Question Acceptable Answers Additional Guidance Mark
Number
{c) An explanation that makes reference to the following:
* As small changes (in w) are multiplied many tumes
Or can use a longer wire (on a small gauge)
Or to achieve a greater change 1n the length (1)
* (So) greater sensitivity .
Or larger changes in R (for a given change 1n width) (1) -
Q21.
Question Acceptable answers Additional Guidance Mark
Number
_pl Use of: any dimensionally correct
* Useof R=— @ substitutions eg usmng a diameter
¢ Use of area formula with correct (1) squared 3
ralue of radi . -
vane ot radiis Accept R=8.62 as due to rounding
— (]) Area _
* R=89Q Example of calculation:
R= 112x10°0Omx1m/
n(0.2x1073)2 m?
Q22.
%u estion Acceptable answers Additional guidance Mark
Number
1
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Q23.

Question
Number

Answer

Mark

@)

Use of R = pli/d
R=178
Example of calculation

R=49x10"Qmx=1.0m/29x10° m’
R=17Q

(1)
(1

(b)

Area decreases

Resistance inversely proportional to area
Or quote R = pl/4

So this change (also) increases resistance

(Accept for 2™ mark. I = ndqv, I decreases if A decreases. R = V/I)
(Final mark dependent on presenting a logical explanation linking area
change and resistance — not just stating increased resistance.)

(1)

(1)
(1)

T

Total for question

tn

Q24.
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Question
Number

Answer

Mark

(a)

best fit line

use of gradient Or use of R/ from graph or table

use of p = R4/

resistivity = 4.7 = 107 Qm (range 4.5 t0 4.8 % 107 Qm)

Example of calculation
oradient=440Q+10m=44Qm’"
p=Axgradient=1.06x 107 m’x44Qm”
resistivity = 4.66 x 107 Qm

(1)
(1)
(1)
(1)

(b)

temperature increases (with mereasing current)
resistance/resistivity would have increased (with temperature)

(1)
(1)

(c)

Precaution
Explanation

E.g. ensure good contact (e.g. tight croc clips); so pd across contact resistance
doesn’t make V results inaccurate

E g Avoid pressmg too hard on wire; as a deformation would affect cross-
sectional area and therefore resistance

e.g. ensure wire 1s straight so length measurement 1s accurate

e.g ensure eyes perpendicular to scale to avoid parallax errors

Do not credit:

diameter of wire since area 15 not in the table
repeat and average

high resistance voltmeter

keep temperature constant

(1)
(1)

Total for question

Q25.
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Question
Number

Acceptable answers

Additional guidance

Mark

e Useof InV = In¥, — —
RC

Or Draws initial tangent to
curve and uses 7= RC

Or

Deternunes f when ¥ has
decreased to approx. 37%

(1)

+ Conversion hours to seconds

(D
(D

¢ Calculates resistance in range
2.4 x 10" to 2.8 x 10" (Q)

e Useof R = pl/A 1)

e Resistivity in range 2.2 x10° Q (1)
t02.6x10° Qm
yes above 104 Qm

S0

Example of calculation:

20 x3600s

R x 0.1 x 107%(s)
R=26x1010

In6 = In100 —

26 10i1g = PX 06X 107%m

5.6 x 10~3 m?
Resistivity = 2.4 x 10°Qm

Using T=RC
7x3600s=0.1x10"*F xR

R=25x10"Q(allow Tin

range 7 — & hour)

Q26.

Question
Number

Answer

Mark

(a)

The (maxinum) length 1s {directly) proportional to the area

@

(b)(3)

Useof plid =R
R=134(Q)

Example of calculation

)
@)

R=168*10"0m=80m=10x10"m’

R=1340

(]

(b)(ii)

Use of P=FR
P =160 W allow ecf from (1)

Example of calculation
P=(11AYx=1340Q
P=162W (157 W if theyuse 1.3 Q)

@
@)

[

(b) (i)

Use of V=IR Or use of P = FT Or use of P = I*/R

V" =13V allow ecf from (1) and/or (11)

Example of calculation
F=11A=134Q=147V

@)
@)

(14.3 Vif1.3 € 15 used)

(3]

(c)

To prevent (use of a cable with) resistance that 1s too large

(Accept answers that refer to maintaining or not exceeding a resistance of about

13 Q)

Meaning more energy / power / p.d. available for the shredder

@

@

(3]

Total for Question
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Q27.

Q28.

Question Acceptable answers iti ]
Number p Additional guidance Mark
¢ Makes a cvlinder of longer length
Or
Makes a cylinder of smaller
radius/area (1)
» As R= % this change will ) 2

increase the resistance

[MP2 dependent on MP1]
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Question
Number

Answer

Mark

(a)()

Determunes width of at least 9 coils
Use of half of their diameter in 7 7°

Area=(1.961t02.42) x 107 (m’)

Example of calculation

18 coils =1.00 cm

Diameter = 0.0100 m = 18 =556 % 10 m
Area=m x (5.56 x 107 =2’

Area=242 %107 m"

(1)
(1)
(1)

(a)(ii)

Use of R=pl/4 )
Resistivity magnitude = 4.4 x 107 (show that value gives 3.7x 107)
Unit Om

Example of calculation
p=RA/I
=220x24%x107m’/12m
=44x10"Qm

(1)
(1)
(1)

(a)(ui1)

A sensible response with some detail. e.g.

*  Avoid difficulty in reading a small scale while holding 1t
and counting tums
* it can be enlarged and done more accurately
* compare with unravelling and using a micrometer
* remams 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 )

(1

(b)

Use of ratio of lengths = pd
V=82V

Example of calculation
F=(70em/102em) = 12V
=82V

(D
(D

(]

Total for question

Q29.

Question
number

Acceptable answers

Additional
guidance

Mark

An explanation that makes reference to the following points:

* Resistance increases with decreasing intensity (1)

¢ As distance increases light intensity decreases so resistance
increases (1)

Q30.
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Question

Acceptable answers it 3
Number P Additional guidance Mark
(i) Example of Calculation.
Useof p = % (1) _ 0.043 kg
5300 kgm™*
63 1) 2
V=81 x 10 (m? (
(=) F=81x10%m’
(11) Show that value gives 2.50 2
Use of A= and ¥ = Al (1)
Example of Calculation.
Useof R =2 ) . .
A A=n(6x 103 mm)? =113 x 10*
(1) | m? 3

R=250 (ecf from (a)(1))

8.1 % 108m®=(1.13 x 104 m%) ]
1=0.0716m

_ (40x107° 0m)(0.0716 m)

(1.13 x 107* m?)

E=234Q
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Mark Scheme

Ql.

Q2.

Q3.

ti .y .
g::;hl:: Acceptable Answer Additional Guidance
An explanation that makes reference to the
following poinis:
* The number of (free) charge carriers (1)
(per unit volume) in the thermistor 1y M:Pl Electrons okay for charge
decreased Carrers
*  (Hence) the resistance of the (1) 3
thermistor increased
* Aﬂd a larger fracti-:_m 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
Question o . . o
Number Acceptable answers Additional guidance Mark
Example of calculation
- - ~ - —3 2
* Use of w~ or md"/4 1) Cross sectional area = HM# =12 =10 m’
Ts = 1 \ -
* Useofl=ndvg B 9 A=17%10%m * 125 10% m? x v x 1.6 % 107° C
e v=58106.0x10" 1 S 3
ms? v=58=10"msg"
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Question Acceptable answers Additional guidance Mark
number
®  Uses weight of displaced air = Example of calculation:
pVe (1) Weight of air displaced = pVg =
* Finds resultant force = 1.20 kg m™x2880 m?x 9.81m 2 = 33 903N
upthrust — weight (1) Resultant upward force =33 903 N -
* UsesF=mato find (3400 kg x 9.81m s) =549 N
acceleration (1) Acceleration = 549 N/3400 kg = 0.161 m 52
o Acceleration =0.161 m s2 (1) 4
Q4.
Question | Answer Mark
Number
(a) Mean velocity of charge carriers (1) 1
(h)(1) vfor Y 1s twice v for X Or v for X 1s half v for Y (1)
I = ngvA and »n and g are constant Or v inversely proportional to A (1) 2
= (bya) | (QWC —Work must be clear and orgamsed 1n a logical manner using technical
wording where appropnate)
Resistance of Y 1s greater than the resistance of X (1)
(v greaterfor Y...)
therefore electrons gain more ke between collisions (with lattice 1ons)
Or therefore more frequent collisions (with latiice 10ns)
Or therefore more energy lost per collision (with lattice 1ons)
Or therefore more energy lost i a given tume m collisions (with lattice 1ons) (1)
therefore greater pd required for a given current (1) 3
(MP2 and 3 accept reverse argument in terms of v for X)
Taotal for Question 6
Q5.
Question .. .
Acceptable Answer Additional Guidance Mark
Number
An explanation that makes reference to:
s amplitude of lattice vibration increases (1)
Must be the 1dea of a greater
¢ resulting in more frequent collisions of frequency of collisions, not just a
electrons with lattice ions (1) greater number of collisions.
& 5o this results in a smaller (mean) drift Do not accept collisions between
velocity J=mndve and consequently the electrons. 3
current decreases (1)
MP3 dependent on MP1 and MP2
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Q6.

Question | Answer Mark
Numiber
Identifies (electron) diffraction (1)
(Electron) has wave properties/behaviour (1)
(Electron) has wavelength sinular to atomic size/spacing (1) 3
(do not accept defraction for 1% mark)
Q7.
Question | Answer Mark
Number
D 1
Q8.
Question . . .
Number Acceptable answers Addirional guidance Mark
Example of derivation:
+ Equates F=Bev and F=¢E (1) Bev= eE
*  Substifutes E=17/d 1) Bev=el’d
. R BI F,
Or F=el/dseen —_H
o ned d @)
* Replaces v with J/ nad ) . Bl
* Substifufe 4 = 4 = { and leads to " net
given equation 1)
i Alternative:
Alternative: Bl = OF
+ Equates F=Blland F=QEwith (1) | Totalcharge Q=ned]
Q identified as total charge Bl = ne.&f'E
BI=nedlg/d
Fa=BI/net

Or

L

L

L

Substitutes £=1"/d
F=0V/dseen

Substitutes O = nedl and cancels [

Substitute 4 = 4 = { and leads to
given equation
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QO.

Question | Answer Mark
Number
B 1
Q10.
e Acceptable answer Additional guid Mark
Xumher £ CCE‘Pta e ANnswers AL f1ona gmniance lar
It increases because there is an 1

The only correct answer is B

A is not correct because R decreases

as more conduction electrons

C is nof correct because lattice
vibrations not affected

D is not correct because lattice vibrations
not affected

increase in the mumber of
conduction electrons.

Q11.
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Question | Answer Mark
Number
(a) Oscillations/vibrations (of molecules) parallel to direction of propagation (1)
Or oscillations parallel to direction of wave travel
Or oscillations parallel to direction of energy transfer
Produces compressions and rarefactions (1) | 2
(b) Otherwise there wouldn’'t be a way of telling which bit of reflected sound
origmated with which bit of enutted sound
Or so one returns before one enutted (1) |1
(ci) time (= 1=16 Hz) = 0.063 (5 ) (at least 2 sf) (1) (1
(cii) | Use of factor of 2 (1)
Use of v = s/t (1)
distance =48 m (1) | 3
(Use of ‘show that” value gives 46m)
Example of calculation
2 x distance = 1530 ms™” x 0.063 s
distance =48 m
(ciii) | A shorter time between clicks because the distance 1s shorter
Or more frequent clicks allow rapid motion to be perceived.
Or allow position to be deternuned precisely/accurately. (1 |1
(d) Speed m air lower than speed in water (1)
So  wavelength i awr shorter than  wavelength in  water
Or pulse length in air is shorter than pulse length in water
Or attempt at numerical comparison of wavelength or pulse length (1)
So bat echolocation will detect smaller targets Or detect smaller differences in
position (conditional on MP2) (1) | 3
(Accept ‘show more detail’ or “better resolution”)
Total for question 11
Q1l12.
Question s , E
Acceptable Answer Additional guidance Mark
Number
B 1:4 (1)

Q13.



https://stemup.co.uk

Question
Number

Answer

Mark

(a)

When illuminated:

Use of the word photon

photons/light cause emission of (photo)electrons
Idea that (photo) electrons form a current

photon energy greater than or equal to work function.

In darkness:
No photons so no photoelectrons released

(1)
(1)
(1)
(1)

(1)

(b)

Use of E = hf

Conversion of eV to J

One of the 4 values below correct

f=52x10"Hzor A =5.8 x10" m for caesium

f=88x10"Hzori= 3.4 %107 m for zinc

Comment that Cs 1s in the visible range or Zn 1s ultraviolet — allow even without
supporting calculation

Alternative method

Allow assumed max freq/mun wavelength for visible light then, calculation of
work function, quoted in eV, comparison with given work functions, conclusion:
Use of (1); work fn (1), in eV (1), comparison (1)

Example of calculation
f=o+h=(2.14x16%x10) T+ 663 x10"Js
= 5.2 %10 Hz for caesium
f=0=h=(3.63x1.6x1077)J=6.63x107"Js
= 8.8 x10™ Hz for zinc

(1)
(1)

(1)
(1)

(ci)

Maximum displacement of the wave Or maximum displacement from the mean
Or maximum displacement from equilibrium

(1)

(cii)

Max 3

Size of the gap (in the soundtrack) determines the amount of light

Amount of light determines number of photons

Number of photons determunes number of (photo) electrons (released by
phototube)

Number of electrons determines size of current (in the circuit)

(Combining MP 1 and 2 by writing “size of the gap determuines number of
photons™ scores 1 mark.

Combimng MP 2 and 3 by writing “the amount of light deternmunes number of
(photo) electrons™ also scores 1 mark)

(1)
(1)

(1)
(1)

Total for question

13

Q14.

Question

Acceptable answers Additional guidance
Number P =

Mark
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Q15.

Question
Number

Answer

Mark

C voo=
B

A — this answer 15 mcorrect
B — this answer 1s incorrect
D — this answer 1s incorrect
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Mark Scheme

Ql.


https://stemup.co.uk

?_11::;;;::.1 Acceptable answers Additional guidance Mark
s As temperature increases number
of (free) charge carriers (in Accept electrons for charge carriers
thermistor) increases so its
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) 3
Current increases so p.d. across
resistor increases
» P.D. (across thermistor) decreases
Q2.
?i];f:;:: Acceptable answers Additional guidance Mark
(a) . ) ) Example of calculation
s Use of R = F/T using pair of points @
from the graph R=700V/144A
1
*+ R=490Q W r=4s60 2
%ﬁ:;g:: Acceptable answers Additional guidance Mark
) _ _ '
» Calculated resistance pomt plotied (L)
correctly at (4.9 Q. 7.0V) 49Q —
Resistance ______.-f"'—-
» Resistance increases (constantly) with (1)
potential difference i 3
o : : izt GEAe Y
» Positive intercept with y-axis (less than o)) o aslell
value from (a))
MP3 conditional on MP2 being
awarded.
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Question . .
Acceptable answers Additional guidance Mark
Number P g
+  (€) This question assesses a student’s
ability to show a coherent and The following table shows how the marks
logically structured answer with should be awarded for structure and lines of
linkages and fully-sustained [Eas0mng _ —
reasoning. }L_md['ﬂd'} frarks
Marks are awarded for indicative awardecfor
i structure and lines
content and for how the answer 1s of reasoning
stru::m.re-d and shows lines of Answer shows a >
Teasomng. coherent and logical
The following table shows how the structure with
marks should be awarded for linkage and fully
structure and lines of reasoning susiamed lines of
Number of Number of marks rrasomng
e . demonstrated
indicative points awarded for
: S eTEE ; throughout
SEEn 1 answer mndicative pomis - -
5 3 Answer 1s partially 1
54 3 structured with some
33 5 linkages and lines of
- = = TEas0ng
1 L Answer has no 0
0 0 linkage between
points and 15
Indicati et unstructured
ndicative conten Accept charge camiers for electrons and only
* (As Vmgreafses) o penalise once for omission of charge carriers
accelemnqmvelccﬁy’energy of or lattice ions
electrons increases
* greater energy transfer in collisions Linkage marks
with lattice / 10ns Number of Paossible linkage
* increasing the temperature of dicative . marks
metal/filament/ions content points
awarded
* amplitude of vibrations of lattice/ 1ons 01 0
mereases i )
. _ 2,3 1 o
* collision (rate) between lattice fions ’
and electrons increases 4,56 2
Or shorter distance between collisions
Or greater chance of collision )
= MP1 don’t award for ‘increased rate of
® due to the mncrease n resistance, flow®
current doesn’t increase in proportion
to potential difference MP2 to award mark there must be the
Or due to the increase in resistance idea of increased/greater energy
the ratio of I'V decreases transfer between electrons and 1ons
Q3.
Question | Answer Mark
Number
D 1



https://stemup.co.uk

Q4.

Question Answer
Number

Mark

A dark and cold

1

Incorrect Answers:

B — correct descrniption for LDR but mcorrect for thermustor

C — incorrect description for LDR but correct for thermnmstor
D — mcorrect description for LDR and incorrect for thernustor

Q5.
Question | Answer Mark
Number
(a) Mean velocity of charge carriers (1) 1
(h)(1) vfor Y 1s twice v for X Or v for X 1s half v for Y (1)
I = ngvA and »n and g are constant Or v inversely proportional to A (1) 2
= (bya) | (QWC —Work must be clear and orgamsed 1n a logical manner using technical
wording where appropnate)
Resistance of Y 1s greater than the resistance of X (1)
(v greaterfor Y...)
therefore electrons gain more ke between collisions (with lattice 1ons)
Or therefore more frequent collisions (with latiice 10ns)
Or therefore more energy lost per collision (with lattice 1ons)
Or therefore more energy lost i a given tume m collisions (with lattice 1ons) (1)
therefore greater pd required for a given current (1) 3
(MP2 and 3 accept reverse argument in terms of v for X)
Taotal for Question 6
Q6.
Question .. .
Acceptable Answer Additional Guidance Mark
Number
An explanation that makes reference to:
s amplitude of lattice vibration increases (1)
Must be the 1dea of a greater
¢ resulting in more frequent collisions of frequency of collisions, not just a
electrons with lattice ions (1) greater number of collisions.
& 5o this results in a smaller (mean) drift Do not accept collisions between
velocity J=mndve and consequently the electrons. 3
current decreases (1)
MP3 dependent on MP1 and MP2
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Q7.

Question Acceptable answers Additional guidance Mark
number
. Allow reduce mean free path
An explanation that makes reference to: ) . P
or drift velocity of electrons.
* A rise in temperature causes the amplitude of the
vibrating 1ons to increase (1)
¢ This causes the number of collisions per second
between the 1ons and the moving electrons to
increase (1) Accept current decreases
# So the rate of flow of electrons decreases
(causing the resistance of the metal to increase) 3
(1)
Q8.
ti Additional
Question Acceptable answers oo Mark
number guidance
# The number of charge carriers increases with Accept number
temperature (1) of electrons.
¢ So this lowers the resistance (despite the increase in
lattice vibrations) (1) 2
Qo.
Question - - . )
Number Acceptable answers Additional guidance Mark
@ * (Moving) electrons collide with 1)
lattice/ions
s Transfer of energy to (lattice) ions so (1) 2
they vibrate with larger amplitude/speed
(and the temperature increases)
(ii)

¢ Electrons/ions in the tube collide with

mercury/phosphor atoms and excite @1
electrons (in the mercury/phosphor
atoms)

@)

s FEnergy is released in the form of
photons as the electrons move back
down (to the ground state)

down

Mention of work function scores 0

MP2 Allow de-excite for move back

[
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Q1lo0.

Question | Answer Mark
Number
(a) Operable circuit with bulb and power supply vanable to 12 V (1gnore meters) (1)
Ammeter correctly positioned (1)
Voltmeter comrectly positioned (1)
3
{volimeter may be across ammeter as well. or whole circuit — but not across
anv additional resistive components such as a variable resistor)
(h)(i) The gradient of this graph 1s the rate of change of current with p.d. (1)
Resistance 1s the ratio of pd/current
Or It is calculated using a value of pd = the corresponding value of current
Or it 150t a straight line so the gradient 1s not R (1) 2
{credit R not constant. so value at 6 V isn’t applicable to other voltages)
(b)i) | Useof R=F1 (1)
R=4760Q (1) 2
Example of calculation
R=600V/126A
R=4760
“(c) (QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate)
The resistance increases (1)
{Because) the temperature increases (accept heats up) (1)
Increasing the amplitude of the oscillation of the lattice 1ons (1
Leading to more (frequent) collisions of electrons with lattice 1ons (1) 4
Allow converse marks for an explanation explicitly based on decreasing
potential difference
Total for question 11
Q1ll.
Question Answer Additional Guidance Mark
Number
B is the only A 1s incorrect because amplitude does 1
correct answer increase

does increase

transfer does increase

C is incorrect because rate of collision

D is incorrect because rate of energy
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Q1l2.

Question | Answer Mark
Number
(a) Oscillations/vibrations (of molecules) parallel to direction of propagation (1)
Or oscillations parallel to direction of wave travel
Or oscillations parallel to direction of energy transfer
Produces compressions and rarefactions (1) | 2
(b) Otherwise there wouldn't be a way of telling which bit of reflected sound
origmated with which bit of enutted sound
Or so one returns before one emuitted (1) |1
(ci) time (= 116 Hz) = 0.063 (s ) (at least 2 sf) (1 |1
(cii) Use of factor of 2 (1)
Use of v = s/t (1)
distance =48 m (1) | 3
(Use of ‘show that” value gives 46m)
Example of calculation
2 x distance = 1530 m s~ x 0.063 s
distance =48 m
(ciii) | A shorter time between clicks because the distance 1s shorter
Or more frequent clicks allow rapid motion to be perceived.
Or allow position to be determuned precisely/accurately. (1) [ 1
(d) Speed in air lower than speed in water (1)
So  wavelength in  amr  shorter than  wavelength m  water
Or pulse length in air 1s shorter than pulse length in water
Or attempt at numerical comparison of wavelength or pulse length (1)
So bat echolocation will detect smaller targets Or detect smaller differences in
position (conditional on MP2) (1) | 3
(Accept ‘show more detail’ or “better resolution’)
Total for question 11
Q13.
Question | Answers Additional Guidance Mark
Number

(1)
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Q14.

%L:J?EZP Acceptable Answer Additional guidance Mark
D the number density of the
conduction electrons
increases (1)
Q15.
3:;1?: Answer Mark
1

A amphitude of the vibrations of the lattice ions

Incorrect Answers:
B — the distance travelled by charge carriers between collisions will

decrease 1f the temperature increases
C — the drift velocity of conduction electrons will decrease if the

temperature increases
D — the number of conduction electrons per unit volume will remain

constant if the temperature increases

Ql6.
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Question
Number

Answer

Mark

(a)

When illuminated:

Use of the word photon

photons/light cause emission of (photo)electrons
Idea that (photo) electrons form a current

photon energy greater than or equal to work function.

In darkness:
No photons so no photoelectrons released

(1)
(1)
(1)
(1)

(1) |5

(b)

Use of E = hf

Conversion of eV to J

One of the 4 values below correct

f=52x10"Hzor A =5.8 x10" m for caesium

f=88x10"Hzori= 3.4 %107 m for zinc

Comment that Cs 1s in the visible range or Zn 1s ultraviolet — allow even without
supporting calculation

Alternative method

Allow assumed max freq/mun wavelength for visible light then, calculation of
work function, quoted in eV, comparison with given work functions, conclusion:
Use of (1); work fn (1), in eV (1), comparison (1)

Example of calculation
f=o+h=(2.14x16%x10) T+ 663 x10"Js
= 5.2 %10 Hz for caesium
f=0=h=(3.63x1.6x1077)J=6.63x107"Js
= 8.8 x10™ Hz for zinc

(1)
(1)

(1)

(1) | 4

(ci)

Maximum displacement of the wave Or maximum displacement from the mean
Or maximum displacement from equilibrium

(1)

(cii)

Max 3

Size of the gap (in the soundtrack) determines the amount of light

Amount of light determines number of photons

Number of photons determunes number of (photo) electrons (released by
phototube)

Number of electrons determines size of current (in the circuit)

(Combining MP 1 and 2 by writing “size of the gap determuines number of
photons™ scores 1 mark.

Combimng MP 2 and 3 by writing “the amount of light deternmunes number of
(photo) electrons™ also scores 1 mark)

(1)
(1)

(1)
(1) | 3

Total for question

13

Q17.

Question

Number

Answer

Mark
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Q1l8.

Question
Number

Answer

Mark

(a)

Series sketch with two bulbs

Connected in series:

because when one is removed there 1s a break in the circuit
Or

because when one is removed there is no current

Or

so the bulbs could have different p.d.s

Not connected in parallel because:

if one removed, still complete circuit (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)

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

Example of caleulation
OW=TIx230V
I=0.17A

(1)
(1)

(]

(b)(ii)

Use of appropriate equation
R=13008

Example of caleulation
P=TVR

40 W= (230 V)’ /R
R=1323Q

(1)
(1)

(b) Giid)

Use of R = VT
R=13¢&

Example of calculation
R=25V/02A
R=1250

(1)
(1)

(c)

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

Potential difference — total (required) p.d. 1s 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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(d)

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
Q109.
Question Acceptable Answer Additional Guidance | Mark
Number
* increasing the current (1)
through the coil
increases the heating
effect
¢ this causes the (1)
resistance of the coil to
increase (due to the
collisions between
conduction electrons
and lattice ions)
¢ so for a given p.d. this (1)
would result in the
current decreasing
e this would increase the (1) | MP4 conditional
focal length of the lens, mark, dependent on
hence the need to limit MP3 being awarded
the current (4)

Q20.
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Question

i Acceptable answers Additional guidance Mark
Number

Increased temperature causes more energy Or reverse argument

transfer to lattice 1ons / atoms 1)

More charge carners released / available Y

I=nAdvg, so relative increase in [

(1)
Reference to R = F'/ I to justify decrease in
R o) 1
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Mark Scheme

Ql.

Question | Answer Mark
Number
B 1
Q2.
Question Answer Mark
Number
A dark and cold 1
Incorrect Answers:
B — correct descniption for LDR but mcorrect for thermustor
C — mncorrect description for LDR but correct for thermmstor
D — mcorrect description for LDR and incorrect for thermustor
Q3.
Question - e . i
Number Acceptable answers Additional guidance Mark

The only correct answer is B

decreases increases

C and D are incorrect as the resistance

decreases
A iz incofrect as » iNcTeases
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Q4.

Question
Number

Answer

Mark

Identifies (electron) diffraction

(Electron) has wave properties/behaviour

(1)

(1)

(Electron) has wavelength sinular to atomic size/spacing (1)

(do not accept defraction for 1™ mark)

Q5.

Question
Number

Acceptahle Answer

Additional Guidance

Mark

An explanation that makes reference to
the following:

¢ The idea that the electrons gam energy

from the light

{(As the lamp 15 moved towards the
LDR) the
intensity/brightness/illumination of
light falling on the LDE increases

This increased the number of
{conduction) electrons

Which reduced the resistance of the
LDR

decreasing the potential difference
across the LDE. Or mcreasing the
potential difference across the fixed
resistor/voltmeter

1)

(1

(D

1)

(D

MP1 e g If the frequency of the
light is high enough the electrons
will gain energy from the light (and)
Jump to the conduction band)

MP2 assume the answer 1s in terms

of the lamp moving towards the
LDR unless stated otherwise

MP3 accept charge carrier
(density) for electrons

LF /]

Q6.
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sti .- .
Q_'ue*; on Acceptable answers Additional guidance Mark
Number
The only correct answer is B It mcreases because there 1s an 1
A is not correct because R decreases increase in the number of
as more conduction electrons conduction electrons.
C 15 not corvect becauise lattice
vibrations not affected
D is not correct because lattice vibrations
not affected
Q7.
Question Acceptable Answers Additional guidance Mark
Number
Max 6
Similarities
s  An electron absorbs a photon
Or electrons gain energy from a photon (1)
* photons need a minimum amount of (1)
energy
& S0 light must be above a cerfain (1
frequency
* increasing the light infensity increases
the mumber of electrons (released per (1)
sec)
» FEwvidence for the particle model of light (1)
Differences
s In the photoelectric effect electrons are
released from the surface (1)
+ But electrons remain within the LDE. (1) 6
+ Photoelectric effect occurs in metals )

Q8.

Or LDR 1s a semiconductor
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Question | Answer Mark
Number
(a) best fit line (1)
use of gradient Or use of R/ from graph or table (1)
use of p = R4/ (1)
resistivity = 4.7 = 107 Qm (range 4.5 t0 4.8 % 107 Qm) (1) |4
Example of calculation
gradient=440Q=10m=440m"
p=Axgradient=1.06x 107 m’x44Qm”
resistivity = 4.66 x 107 Qm
(b) temperature increases (with increasing current) (1)
resistance/resistivity would have increased (with temperature) (1) | 2
(c) Precaution (1)
Explanation (1) | 2
E.g. ensure good contact (e.g. tight croc clips); so pd across contact resistance
doesn’t make V results inaccurate
E g Avoid pressmg too hard on wire; as a deformation would affect cross-
sectional area and therefore resistance
e.g. ensure wire 1s straight so length measurement 1s accurate
e.g ensure eyes perpendicular to scale to avoid parallax errors
Do not credit:
diameter of wire since area 1s not in the table
repeat and average
high resistance voltmeter
keep temperature constant
Total for question 8
Qo.
g:?;t;:: 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 LDE decreases to almost zero
B assumes the resistance of the LDR. decreases a little
C assumes the resistance of the LDR increases a little

Q1lo0.
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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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(d)

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
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	31. Understand that electric current is the rate of flow of charged particles and be...
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