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at
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ho

w
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ur

 w
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ki
ng

’. 
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r q
ue
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ns
 in
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m
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r o
f s

ig
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t f
ig
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d 
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d,
 c
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d 

be
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w
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de
d 
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r c
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 a

ns
w

er
s 

w
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un
de

d 
by

 
th

e 
ex
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e 

nu
m
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es
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 th

e 
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ar
k 
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va
lu
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.  
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w
er

s 
gi
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in
 s
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d 
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0n )
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 re
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g 
th
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, c
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 c
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 m
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 c
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 p
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r c
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f c
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 c
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 b
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U
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M
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K 

SC
H
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M
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TH
ER

 M
AT

TE
R

S 
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m
ar

ks
 

ar
e 

in
de

pe
nd

en
t m

ar
ks

, w
hi

ch
 d

o 
no

t d
ep

en
d 

on
 o

th
er

 m
ar

ks
. F

or
 a

 B
 m

ar
k 

to
 b

e 
sc

or
ed

, t
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 p
oi

nt
 to

 w
hi

ch
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 re
fe
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 m

us
t b

e 
se

en
 

sp
ec
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e 
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nd

id
at

e’
s 

an
sw

er
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 M
 m

ar
ks

 
ar

e 
m

et
ho

d 
m

ar
ks
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po

n 
w

hi
ch

 a
cc

ur
ac

y 
m

ar
ks

 (A
 m

ar
ks

) l
at

er
 d

ep
en

d.
 F

or
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n 
M

 m
ar

k 
to

 b
e 

sc
or

ed
, t
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 p

oi
nt
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 w

hi
ch
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fe
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m
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t b

e 
se

en
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 c

an
di

da
te
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ns
w

er
. I

f a
 c

an
di

da
te
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 s
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 p

ar
tic

ul
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 M
 m
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k,

 th
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 n
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e 
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t A
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ar
ks

 c
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re
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e 
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m
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m
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pp
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um
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al

 q
ue

st
io
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he
se

 c
an

 b
e 

sc
or

ed
 e

ve
n 

if 
th

e 
po

in
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o 
w

hi
ch
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 re
fe

r 
ar

e 
no
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te
n 
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n 
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e 
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nd
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 p

ro
vi
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d 
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or
ki

ng
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iv
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de
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e 
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e 
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ex
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n 

eq
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ar
k 
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d 
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e 
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id
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w
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t d
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w
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e 
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e 
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 m
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k 
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d.
 A

 C
 m
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ar
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 c
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ro
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 b
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 d
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w
 a

 C
 m
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k 
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 s
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 m
ar
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 c
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m
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ly
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w
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de

d 
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in

al
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w

er
s 
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 n

um
er
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al

 q
ue
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io
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 fi
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um
er

ic
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, e
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r A

 
m
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ks
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s 
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, w
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rre
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 u
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nd
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n 
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ce
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 n

um
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r o
f s

ig
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an

t f
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ur
es
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ll 
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e 
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aw

ar
de

d.
  

 
H

ow
ev

er
, a

n 
A 

m
ar

k 
fo

llo
w

in
g 

an
 M

 m
ar

k 
is

 a
 d
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 m
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 c
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m
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m

ar
ks

 d
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t d
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 b
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ck
et
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 e

.g
. 1
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) m
ea
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 th

at
 th

e 
m

ar
k 
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 s

co
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d 
fo

r 1
0,

 re
ga

rd
le

ss
 o
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he

 
un

it 
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 H
ow

ev
er
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f a

 w
or

d 
in

 b
ra

ck
et

s 
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 w
ith
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th
er

 w
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d 
th
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 c
le
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ng
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en
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e 
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nd
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lin
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in
di
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s 
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t b
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e 

an
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er
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et
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R

 / 
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is
 in
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iv
e 

an
sw

er
s,

 a
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at
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r s
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g 
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e 
m
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. 
 ee

oo
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Th
is

 m
ea

ns
 "e

ac
h 

er
ro

r o
r o

m
is

si
on

". 
 ow

tte
. 

Th
is

 m
ea

ns
 “o

r w
or

ds
 to

 th
at

 e
ffe

ct
”. 

 Ig
no

re
 

Th
is

 in
di

ca
te

s 
th

at
 s

om
et

hi
ng

 w
hi

ch
 is

 n
ot

 c
or

re
ct

 o
r i

rre
le

va
nt

 i.
e.

 it
 is

 n
ot

 a
 c
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tra

di
ct

io
n 

(C
O

N
) i

s 
to

 b
e 

di
sr

eg
ar

de
d 
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d 

do
es

 n
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cu
r a

 p
en
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/ d
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ot
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O
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s 
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 o
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e 
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ca
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ng
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pp
lie
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 ec
f 

m
ea

ni
ng

 "e
rro

r c
ar

rie
d 

fo
rw

ar
d"
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 m
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nl

y 
ap

pl
ic
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le
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 n

um
er

ic
al

 q
ue

st
io

ns
, b

ut
 m

ay
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 p
ar
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ul

ar
 c
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be
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lie
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in

 
no

n-
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m
er
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al

 q
ue

st
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ns
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in
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 c

an
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lie
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 c
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ay

 b
e 

aw
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de
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 p
ro
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de

d 
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e 
su
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eq

ue
nt

 w
or

ki
ng
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 c

or
re

ct
, 

be
ar

in
g 

in
 m

in
d 
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e 

ea
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er
 m

is
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ke
. T

hi
s 

pr
ev

en
ts

 a
 c

an
di

da
te

 fr
om

 b
ei

ng
 p

en
al
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ed

 m
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e 
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e 
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 p
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on
ly
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lie
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 m
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e 
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k 
sc

he
m

e.
 A

lw
ay
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an
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rre
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r f
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 p
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 q
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.f.
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at

 w
ou

ld
 o

th
er

w
is

e 
ga

in
 a

ll 
th

e 
m

ar
ks

 a
va

ila
bl

e 
fo

r t
ha

t 
an

sw
er

: m
ax

im
um

 1
 p

er
 q

ue
st

io
n.

 N
o 

de
du

ct
io

n 
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 b
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r b
ot

h 
m

om
en

tu
m

 a
nd

 im
pu

ls
e.

 
 

Be
w

ar
e 

: J
 N

O
T 

ac
ce

pt
ab

le
 fo

r m
om

en
ts

.  
 

C
on

do
ne

 w
ro

ng
 u

se
 o

f u
pp

er
 a

nd
 lo

w
er

 c
as

e 
sy

m
bo

ls
, e

.g
. p

A 
fo

r P
a.

  
 Ar

ith
m

et
ic

 e
rro

rs
 If

 th
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6 Calculation specific guidance 
 

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show 
your working’.  

 
For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded by 
the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.  

 
For answers given in standard form (e.g. a  10n) in which the convention of restricting the value of the coefficient (a) to a value between 1 
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.  

 
Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded. 
Exceptions to this general principle will be noted in the mark scheme. 

7 Guidance for chemical equations 
 

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.  
 

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme. 
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Acronyms and shorthand in the mark scheme. 
 
acronym/shorthand explanation 

A marks Final answer marks which are awarded for fully correct final answers. 

C marks Compensatory marks which may be scored to give partial credit when final answer (A) marks for a question have not 
been awarded.  

B marks Independent marks which do not depend on other marks.  

M marks Method marks which must be scored before any subsequent final answer (A) marks can be scored. 

Brackets ( ) Words not explicitly needed in an answer, however if a contradictory word/phrase/unit to that in the brackets is seen 
the mark is not awarded. 

Underlining The underlined word (or a synonym) must be present for the mark to be scored. If the word is a technical scientific 
term, the word must be there. 

/ or OR Alternative answers any one of which gains the credit for that mark. 

owtte Or words to that effect 

ignore identifies incorrect or irrelevant points which may be disregarded, i.e., not treated as contradictory. Ignore is also 
used to indicate an insufficient answer not worthy of credit on its own. 

CON An incorrect point which contradicts any correct point and means the mark cannot be scored. 

ecf [question part]  Indicates that a candidate using an erroneous value from the stated question part must be given credit here if the 
erroneous value is used correctly here. Cf. SSMP 4. Always annotate with ECF 

cao correct answer only 
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Question Answer Marks Guidance 

all   Any correct final answer, to the number of significant figures 
given in the mark scheme or more, scores all A marks even 
if reached by wrong Physics. 

   Any numerically correct final answer with a unit error scores 
all marks except the last A mark, even if reached by wrong 
Physics. Annotate U. 

   Where a C, B or M mark is available for quoting a formula or 
equation this can be written in any form and in words, 
symbols or numbers unless the mark scheme specifies 
otherwise. 

   Where an equation is quoted in numerical values from the 
question, a C, B or M mark is awarded even if the 
substituted values are incorrect by a power-of-ten. 
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Question Answer Marks 

1(a) (average thickness =) 1.4 (mm) A2 

 (average thickness =) 56 ÷ 40  (C1) 

1(b) any three from: 
measuring cylinder (partially) filled with water 
 
(initial) volume measured / noted 
 
strip submerged in water owtte 
(new / 2nd) volume (of strip and water) measured 

B3 

 volume of strip = difference in volumes B1 

1(c) ( =) 8.92 A3 

 ( =) 296 ÷ 33.2 (C2) 

 (density =) mass ÷ volume OR ( =) m / V in any form (C1) 

 g / cm3 B1 

   
Question Answer Marks 

2(a)(i) (length of spring with 8.0 N load =) 20 (cm) B1 

2(a)(ii) (load for length of 21 cm =) 9.3 (N) A2 

 (extension of 7 cm = length of) 21 cm (C1) 

2(b) shape B1 

PMT

thealevelphysicstutor.comCIE IGCSE · Paper 3 Theory Core 0625 3 · Mark Scheme · Question Paper



0625/32 Cambridge IGCSE – Mark Scheme 
PUBLISHED 

February/March 2023  
 

© UCLES 2023 Page 8 of 12  
 

Question Answer Marks 

2(c) (m = ) 0.88 (kg) A3 

 (m = ) 8.6 ÷ 9.8 (C2) 

 W = mg OR (m =) W ÷ g (C1) 

   
Question Answer Marks 

3(a)(i) (speed =) 25 (m / s) A3 

 (speed =) 250 ÷ 10 (C2) 

 (speed =) gradient of d-t graph OR d ÷ t in any form (C1) 

3(a)(ii) (QR –) at rest or stationary B1 

3(b) any two from 
(wide tyres have) large (contact) area  
(so) less pressure (on ground) 
so less likely to sink (into soft ground) 

B2 

   
Question Answer Marks 

4(a)(i) any two from: 
 
high speed 
 
moving freely 
 
random (motion) OR (moving in) any / all directions 

B2 

4(a)(ii) collisions (of particles with walls of cylinder OR surface) B1 
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Question Answer Marks 

4(b) any three from: 
pressure increases 
(because) molecules are closer together / more densely packed OR area of cylinder decreases 
(so there are) more collisions per unit area (with walls of cylinder) 
pressure = force ÷ area  

B3 

   
Question Answer Marks 

5(a) (work done =) 60 (J) A3 

 (work done =) 12  5(.0) (C2) 

 (work done =) force  distance in any form (C1) 

5(b) chemical store (in candle) decreases B1 

 energy is transferred by radiation / light / em / IR waves B1 

 thermal store of surroundings has increased owtte B1 

   
Question Answer Marks 

6(a)(i) 2.0 (cm) B1 

6(a)(ii) (so frequency =) 5.0 (Hz) A2 

 (frequency =) number of waves (sent out) per s / unit time OR 
time for 1 wave = 0.2 s OR 2 waves in 0.4 s 

(C1) 

6(b) vibrations OR oscillations (of particles) B1 

 at right angles OR perpendicular B1 

 to direction of propogation B1 
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Question Answer Marks 

6(c) (v =) 360 (m / s) A3 

 (v =) 400  0.90 (C2) 

 =) λ (C1) 

   
Question Answer Marks 

7(a) same size (as object / book) B1 

 same distance from mirror (as book / object) B1 

 virtual B1 

7(b) (use:) security marking OR detecting fake bank notes OR sterilising water B1 

 (harmful effect:) damage to surface cells / skin OR eyes OR damage to cells / genes / DNA OR skin cancer B1 

   
Question Answer Marks 

8(a) negative charges OR electrons B1 

 move from rod OR move to cloth B1 

8(b) (ball Q is) positive B1 

 (ball R is) negative B1 

8(c) (free) electrons B1 
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Question Answer Marks 

9(a)(i) (I =) 6.8 (A) A4 

 (I =) 1500 ÷ 220 (C2) 

 P = I  V OR (I =) P ÷ V (C1) 

 1.5 kW = 1500 W  (C1) 

9(a)(ii) (cost of energy =) 84 (p) A3 

 (cost of energy =) 1.5  4(.0)  14 (C2) 

 (cost of energy =) power  time  cost of 1 kW h  
OR  
number of kW h  cost of 1 kW h  

(C1) 

9(b) large current (in extension lead / socket) B1 

 (can cause) overheating / fire B1 

   
Question Answer Marks 

10(a) any three from 
(when switch S closed) current in coil P 
coil P has (changing) magnetic field 
magnetic field (from P) links with / cuts coil Q 
e.m.f. / voltage / current induced / produced / generated in coil Q 

B3 

10(b) two coils (of copper wire) B1 

 (wrapped around / linked by soft) iron core B1 

 more turns on secondary coil OR less turns on primary coil B1 
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Question Answer Marks 

11(a) 95 B1 

 146 B1 

11(b) (amount remaining =) 3(.0) (mg) A3 

 (amount remaining =) 12  ½  ½ OR 12  1/4 (C2) 

 860 years is 2 half-lives (C1) 

   
Question Answer Marks 

12(a) (closest to Sun) Mercury 
    Venus 
(furthest from Sun) Earth 

B2 

12(b) distance M1 

 travelled by light (in the vacuum of space) in one year A1 

12(c) 2.6  103 (s) OR 2600 (s) A2 

 time = distance ÷ speed OR 7.8  1011 ÷ 3.0  108  
OR 780 000 000 000 ÷ 300 000 000 

(C1) 
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6 Calculation specific guidance 
 

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show 
your working’.  

 
For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers  when rounded 
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.   

 
For answers given in standard form (e.g. a  10n) in which the convention of restricting the value of the coefficient (a) to a value between 1 
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.  

 
Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is  not awarded. 
Exceptions to this general principle will be noted in the mark scheme. 

7 Guidance for chemical equations 
 

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.  
 

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme.  
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Acronyms and shorthand in the mark scheme. 
 
acronym/shorthand explanation 

A marks Final answer marks which are awarded for fully correct final answers. 

C marks Compensatory marks which may be scored to give partial credit when final answer (A) marks for a question have not 
been awarded.  

B marks Independent marks which do not depend on other marks.  

M marks Method marks which must be scored before any subsequent final answer (A) marks can be scored.  

Brackets ( ) Words not explicitly needed in an answer, however if a contradictory word/phrase/unit to that in the brackets is seen 
the mark is not awarded. 

Underlining The underlined word (or a synonym) must be present for the mark to be scored. If the word is a technical scientific 
term, the word must be there. 

/ or OR Alternative answers any one of which gains the credit for that mark. 

owtte Or words to that effect 

ignore identifies incorrect or irrelevant points which may be disregarded, i.e., not treated as contradictory. Ignore is also 
used to indicate an insufficient answer not worthy of credit on its own. 

CON An incorrect point which contradicts any correct point and means the mark cannot be scored.  

ecf [question part]  Indicates that a candidate using an erroneous value from the stated question part must be given credit here if the 
erroneous value is used correctly here. Cf. SSMP 4. Always annotate with ECF 

cao correct answer only 
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Question Answer Marks 

1(a) (walking with) constant/steady/uniform speed  B1 

1(b) 2 (m / s) A3 

 12 ÷ 6 (C2) 

 (speed =) gradient of distance-time graph (C1) 

1(c) (11(.0) – 6(.0) =) 5(.0) (s) B1 

1(d) faster OR more (before talking to friends / in section AB) OR double / twice (the speed) B1 

   
Question Answer Marks 

2(a) (42 – 30 = ) 12 (cm3) B1 

2(b) ( =) 8(.0) A3 

 ( =) 320 ÷ 40 (C2) 

 (density =) mass ÷ volume OR ( =) m / V in any form (C1) 

 g / cm3 B1 

2(c)(i) friction / drag (upward arrow) B1 

 weight (downward arrow) B1 

2(c)(ii) (falling with) {constant / steady / uniform} speed B1 
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Question Answer Marks 

3(a) (P =) 2.4 (N / cm2) A3 

 (P =) 48 ÷ 20 (C2) 

 (P =) F ÷ A (C1) 

3(b) (moment = ) 380 (N cm)  A3 

 (moment = ) 12  32 (C2) 

 moment = force  (perp.) distance from pivot (C1) 

   
Question Answer Marks 

4(a) chemical (potential energy) B1 

4(b) 63 (J) A3 

 (work done =) 14  4.5 (C2) 

 (work done =) force  distance (moved in direction of force) (C1) 

4(c) 180 (W) A3 

 (power input =) 5400 ÷ 30 (C2) 

 (power input =) energy input ÷ time OR E ÷ t (C1) 
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Question Answer Marks 

5(a) any two from: 
 
• (particles are;) random arrangement / pattern 
• close together OR idea slightly further apart than in solid  
• move randomly OR move around / about (freely)  
• colliding with each other / walls 
• have some vibrational energy / motion 

B2 

5(b) pressure increases B1 

 any two from: (because) 
 
• particles move faster OR have increased kinetic energy 
• more (frequent) collisions (with walls of container) 
• harder collisions (with walls of container) 

B2 

5(c) infrared OR radiation (through space and atmosphere) B1 

 conduction (through the metal) B1 

   
Question Answer Marks 

6(a)(i) 30 (mm) B1 

6(a)(ii) 10 (Hz)  A2 

 idea of frequency = no. of waves per second (C1) 

6(b)(i) electromagnetic wave(s) OR any named electromagnetic wave OR wave (on surface of) water OR (seismic) S-wave / 
secondary wave 

B1 

6(b)(ii) (vibrations or they are) at right angles OR perpendicular M1 

 to direction of propagation OR direction of energy transfer A1 
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Question Answer Marks 

7(a)(i) 10 (cm) A2 

 (focal length =) 2  5 (C1) 

7(a)(ii) ray continued in straight line through centre of lens B1 

 ray parallel to axis continued to pass through focal point B1 

 (top of) image position indicated as where rays cross B1 

7(b)(i) X-rays B1 

7(b)(ii) security marker OR detecting fake bank notes OR sterilising food / water B1 

7(b)(iii) damage to (surface) cells / skin / eyes  
OR (leading to) cancer / eye conditions 

B1 

   
Question Answer Marks 

8(a) use of compass to give direction of field lines 
 
first method 
(use of plotting) compass(es)  
 
idea of mark arrow position OR move compass in direction of  
arrow  

B1 

 start from different position(s) OR join up marks / draw lines  
(to show pattern)  
 
OR alternative method 
 
(use of plotting) compass(es)  
place number of compasses around magnet 
idea that arrows line up to show pattern 

B3 

PMT
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Question Answer Marks 

8(b) steel B1 

8(c) electric motors OR loudspeakers OR burglar alarms B1 

   
Question Answer Marks 

9(a) correct symbol for:  

 ammeter B1 

 lamp B1 

 thermistor B1 

 symbols connected in series circuit B1 

9(b)(i) 27 ()  A3 

 5.4 ÷ 0.2(0) (C2) 

 (R=) V ÷ I  OR V = I  R or in any form (C1) 

9(b)(ii) 32 (J)  A3 

 (E =) 5.4  0.2  30 (C2) 

 (E=) VIt OR P  t OR I 2  R  t (C1) 

9(c) current increases B1 

 (because) resistance (of thermistor) decreases B1 

PMT
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Question Answer Marks 

10(a) electron B1 

 proton B1 

10(b) any three from: 
 
3 protons (in nucleus) 
4 neutrons (in nucleus)  
3 electrons outside nucleus 
nucleus labelled 
electron orbits seen 

B3 

10(c) (5700  3 =) 17 100 (years) A2 

 (from 120 mg to 15 mg takes) 3 half-lives (C1) 

   
Question Answer Marks 

11(a) Mercury B1 

 Mars B1 

11(b) 370 (s) A3 

 1.1  1011 ÷ 3.0  108 (C2) 

 speed = distance ÷ time OR (t = ) d ÷ s (C1) 

11(c) value smaller than 9.8 (N / kg) B1 

 Venus has smaller mass ORA OR 
gravitational field strength depends on / proportional to mass 

B1 

 

PMT
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6 Calculation specific guidance 
 

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show 
your working’.  

 
For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded by 
the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.  

 
For answers given in standard form (e.g. a  10n) in which the convention of restricting the value of the coefficient (a) to a value between 1 
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.  

 
Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded. 
Exceptions to this general principle will be noted in the mark scheme. 

7 Guidance for chemical equations 
 

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.  
 

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme. 
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Acronyms and shorthand in the mark scheme 
 

acronym/shorthand explanation 

A marks Final answer marks which are awarded for fully correct final answers. 

C marks Compensatory marks which may be scored to give partial credit when final answer (A) marks for a question have not 
been awarded.  

B marks Independent marks which do not depend on other marks.  

M marks Method marks which must be scored before any subsequent final answer (A) marks can be scored. 

Brackets ( ) Words not explicitly needed in an answer, however if a contradictory word/phrase/unit to that in the brackets is seen the 
mark is not awarded. 

Underlining The underlined word (or a synonym) must be present for the mark to be scored. If the word is a technical scientific term, 
the word must be there. 

/ or OR Alternative answers any one of which gains the credit for that mark. 

owtte Or words to that effect. 

ignore Identifies incorrect or irrelevant points which may be disregarded, i.e., not treated as contradictory. Ignore is also used 
to indicate an insufficient answer not worthy of credit on its own. 

CON An incorrect point which contradicts any correct point and means the mark cannot be scored. 

ecf [question part]  Indicates that a candidate using an erroneous value from the stated question part must be given credit here if the 
erroneous value is used correctly here. 

cao correct answer only 
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Question Answer Marks 

1(a) 21 (cm3) B1 

1(b) 0.2(0) (cm3)  A4 

 (average volume of one drop) =  4(.0) / 20 C3 

 (volume = 25 – 21 =) 4(.0) (cm3) C1 

 total volume = number of drops  (average) volume of one drop C1 

1(c) any four from: 
• measure volume of water (in a measuring cylinder) 
• add metal to water in the measuring cylinder  
• so that metal is completely submerged 
• measure (new) volume of water in a measuring cylinder (with metal) 
• find the difference between the two volumes. 

B4 
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Question Answer Marks 

2(a) 300 (N) A2 

 (resultant force =) force to right – force to left OR 1200 – 900 C1 

 to the right OR in forward direction B1 

2(b)(i) 7.20 (s)  B1 

2(b)(ii) 16 (m / s) A3 

 200 / 12.8 C2 

 (average speed =) (total) distance / (total) time in any form C1 

2(c) 48 (m) A3 

 1
2

 (6 + 18)  4.0 OR  6  4 + 1
2

  12  4 C2 

 distance = area under graph  

OR area = 1
2

 (sum of parallel sides)  base  

C1 
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Question Answer Marks 

3(a) 6000 (N cm) A3 

 (moment of force =) 200  30 C2 

 (moment of force =) force  (perpendicular) distance (of force from pivot) C1 

3(b)(i) any two from: 
• chemical energy to (gravitational) potential energy (of sail) 
• chemical energy to kinetic energy  
• kinetic energy (of winch) to kinetic energy (of rope / sail) 
• kinetic energy (of rope / sail) to (gravitational) potential energy (of sail). 

B2 

3(b)(ii) chemical energy OR kinetic energy to thermal OR sound (energy) B1 
   

Question Answer Marks 

4(a) (weight =) 50 (N) A2 

 (weight =) mass  g OR 5  10 C1 

4(b) 75 (J) B1 

4(c) 3.9  A4 

 280 / 72 C3 

 (P =) F / A OR (pressure =) force / area C1 

 (area = 4  18 =) 72 (cm2) C1 

 N / cm2 B1 
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Question Answer Marks 

5(a)(i) 880 (mm Hg) A3 

 (180 – 60 =) 120 (mm Hg) C2 

 (left tube =) 60 (mm Hg) AND (right tube =) 180 (mm Hg) seen C1 

5(a)(ii) (U-tube) manometer B1 

5(b)(i) any two from: 
• molecules in air moving at high speed / kinetic energy 
• molecules collide with cylinder OR wall (of cylinder) OR piston 
• force of collisions (per unit area) cause pressure. 

B2 

5(b)(ii) smaller / lower pressure (on cylinder) B1 

 (because) reduced rate of collisions OR fewer collisions with cylinder OR wall (of cylinder) OR piston (per unit area) B1 
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Question Answer Marks 

6(a)(i) refraction B1 

6(a)(ii) wavelength M1 

 (of) waves (in shallow water) is shorter / smaller ORA A1 

 OR  

 speed (M1) 

 (of) waves / wavefronts (in shallow water) is slower ORA (A1) 

6(b) 2.5 (Hz) A3 

 25 / 10 C2 

 (frequency =) number of (complete) waves sent out OR passing a point in one second / unit time OR 1 Hz is 1 wave in one 
second OR no. of waves ÷ time taken 

C1 

6(c)(i) any electromagnetic wave OR an S-wave  B1 

6(c)(ii) (particle vibrations are) perpendicular / at right angles  B1 

 to the direction of propagation / wave travel / energy transfer B1 
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Question Answer Marks 

7(a) any two from: 
• (bar XY) is a (permanent) magnet  
• (because) end X is repelled (by magnet/S pole) 
• (so) end X is a S pole. 

B2 

7(b) (plotting) compass placed at one point on / near magnet B1 

 (repeatedly mark and) move compass in direction of arrow B1 

 start from different positions (to show pattern) B1 
   

Question Answer Marks 

8(a) 5 correct symbols for 3 marks 
3 or 4 correct symbols for 2 marks 
1 or 2 correct symbols for 1 mark 
 
any from: 
• correct symbol for battery 
• correct symbol for ammeter 
• correct symbol for lamp 
• correct symbol for fixed resistor 
• correct symbol for switch. 

B3 

 all components drawn connected in a series circuit B1 

8(b) electrons B1 

8(c) 6(.0) (V) A3 

 0.40  15 C2 

 (V =) I  R OR R = V / I     C1 
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Question Answer Marks 

9(a)(i) protects (transformer / wiring) from fire / overheating B1 

9(a)(ii) any two from: 
• large current (in fuse) 
• (causes) fuse to melt 
• (and so) prevents current in appliance OR breaks circuit OR isolates appliance from supply. 

B2 

9(b) 110 (V) A3 

 Vs / 230 = 150 / 314 OR Vs = (150 / 314) × 230 OR Vs = 230 / 2.093 OR 150 / 314 = ? / 230 C2 

 Vs / Vp = Ns / Np C1 

9(c)(i) (soft) iron  B1 

9(c)(ii) copper B1 

9(c)(iii) fewer turns on output / secondary (than on input coil) B1 
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Question Answer Marks 

10(a) 4 correct ticks for 3 marks 
2 or 3 correct ticks for 2 marks 
1 correct tick for 1 mark  
 

characteristic type of radiation 

 (alpha)-particles  (beta)-particles  (gamma)-rays 

electromagnetic wave   (✓) 

least ionising   ✓ 

least penetrating ✓   

a helium nucleus ✓   

negatively charged  ✓  
 

B3 

10(b) 241 B1 

       (Pu)  

 94 B1 

10(c) 2(.0)  1012 (atoms) A3 

 8(.0) ( 1012) / 4 OR 8(.0) ( 1012)  1
2

  1
2

  C2 

 28 years = 2 half-lives OR 28 years / 14 = 2 (half-lives) C1 
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6 Calculation specific guidance 
 

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show 
your working’.  

 
For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded 
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.  

 
For answers given in standard form (e.g. a  10n) in which the convention of restricting the value of the coefficient (a) to a value between 1 
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.  

 
Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded. 
Exceptions to this general principle will be noted in the mark scheme. 

7 Guidance for chemical equations 
 

Multiples  /  fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.  
 

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme. 
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NOTES ABOUT MARK SCHEME SYMBOLS AND OTHER MATTERS 

 
 
M marks are method marks upon which further marks depend.  For an M mark to be scored, the point to which it refers must be seen in a 

candidate's answer.  If a candidate fails to score a particular M mark, then none of the dependent marks can be scored. 
 
B marks are independent marks, which do not depend on other marks. For a B mark to scored, 
 the point to which it refers must be seen specifically in the candidate’s answers. 
 
A marks In general A marks are awarded for final answers to numerical questions. 
 If a final numerical answer, eligible for A marks, is correct, with the correct unit and an 
             acceptable number of significant figures, all the marks for that question are normally awarded. It is very occasionally possible to 

arrive at a correct answer by an entirely wrong approach. In these rare circumstances, do not award the A marks, but award C 
marks on their merits. However, correct numerical answers with no working shown gain all the marks available. 

 
C marks are compensatory marks in general applicable to numerical questions. These can be scored even if the point to which they refer 

are not written down by the candidate, provided subsequent working gives evidence that they must have known it. For 
example, if an equation carries a C mark and the candidate does not write down the actual equation but does correct substitution 
or working which shows that they knew the equation, then the C mark is scored. A C mark is not awarded if a candidate makes 
two points which contradict each other. Points which are wrong but irrelevant are ignored. 

 
Brackets ( ) around words or units in the mark scheme are intended to indicate wording used to clarify the mark scheme, but the marks do not 

depend on seeing the words or units in brackets e.g.  10 (J) means that the mark is scored for 10, regardless of the unit given. 
 
Underlining indicates that this must be seen in the answer offered, or something very similar. 
 
OR  /  or indicates alternative answers, any one of which is satisfactory for scoring the marks. 
 
e.e.o.o. means "each error or omission". 
 
o.w.t.t.e. means “or words to that effect”. 
 
Ignore indicates that something which is not correct or irrelevant is to be disregarded and does not cause a right plus wrong penalty. 
 
 Spelling Be generous about spelling and use of English.  If an answer can be understood to mean what we want, give credit. However, 

beware of and do not allow ambiguities: e.g. spelling which suggests confusion between reflection  /  refraction  /  diffraction  or 
thermistor  /  transistor  /  transformer. 

 

PMT

thealevelphysicstutor.comCIE IGCSE · Paper 3 Theory Core 0625 3 · November 2023 · Mark Scheme · Question Paper



0972/31 Cambridge IGCSE (9–1) – Mark Scheme 
PUBLISHED 

October/November 2023  
 

© UCLES 2023 Page 6 of 13  
 

Not / NOT indicates that an incorrect answer is not to be disregarded, but cancels another otherwise correct alternative offered by the 
candidate i.e. right plus wrong penalty applies. 

 
e.c.f. means "error carried forward" . This is mainly applicable to numerical questions, but may occasionally be applied in non-numerical 

questions if specified in the mark scheme.  
 This indicates that if a candidate has made an earlier mistake and has carried an incorrect value forward to subsequent stages of 

working, marks indicated by e.c.f. may be awarded, provided the subsequent working is correct. 
  
Significant  Answers are normally acceptable to any number of significant figures ≥ 2. Any 
Figures     exceptions to this general rule will be specified in the mark scheme.  
 
Units Deduct one mark for each incorrect or missing unit from an answer that would otherwise gain all the marks available for that 

answer: maximum 1 per question.  No deduction is incurred if the unit is missing from the final answer but is shown correctly in 
the working. Condone wrong use of upper and lower case symbols, e.g. pA for Pa. Use the annotation Xp to signify where a 
unit penalty has been applied. 

 
Arithmetic errors Deduct only one mark if the only error in arriving at a final answer is clearly an arithmetic one. Regard a power-of-ten error as an 

arithmetic one. 
 
Transcription  Deduct only one mark if the only error in arriving at a final answer is because given or 
errors previously calculated data has clearly been misread but used correctly. 
             
Fractions Only accept these where specified in the mark scheme. . 
 
Crossed out work Work which has been crossed out and not replaced but can easily be read, should be marked as if it had not been crossed 

out. 
 
Use of  NR (# key on the keyboard) Use this if the answer space for a question is completely blank or contains no readable words, figures or 

symbols. 
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Question Answer Mark 

1(a)(i) (distance =) 400 (m) B1 

1(a)(ii) 4(0) (m  /  s) A3 

 400 ÷ 100 (C2) 

 (speed =) gradient of distance-time graph OR distance ÷ time (C1) 

1(a)(iii) stationary OR stopped OR at rest (between 100 and 150 s) B1 

 (then) constant  /  steady speed (between 150 and 250 s) B1 

1(b) 15 (m / s) (due) west  /  W B1 
   

Question Answer Marks 

2(a) 7.7  A3 

 400 ÷ 52  (C2) 

 (density =) mass ÷ volume OR m / V (C1) 

 g / cm3 B1 

2(b) friction OR drag OR (air) resistance B1 

 3.9 (N) B1 

2(c) (weight = 97.5 ÷ 42) = 2.3 (N) A4 

 W  42 = 3.9  25 {OR 97.5} OR (W =) 3.9  25  /  42 (C3) 

 (moment of cylinder =) 3.9  25 OR 97.5  (C1) 

 clockwise moment = anticlockwise moment OR moment of cylinder = moment of block (C1) 
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Question Answer Mark 

3(a) at least 4 circles widely separated (gaps at least the diameter of circles) B1 

 random arrangement B1 

3(b) any three from: 
regular / uniform arrangement 
 
fixed (positions) 
 
vibrating 
 
close(ly) OR tight(ly) (packed) 

B3 

3(c)(i) conduction B1 

3(c)(ii) any three from: 
water particles (at bottom of pan) gain thermal / internal / kinetic energy 
 
(water) particles move apart 
 
density of liquid decreases OR liquid becomes less dense 
 
less dense liquid rises  
 
causing liquid to circulate (in pan) 

B3 

3(c)(iii) 100 (°C) B1 
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Question Answer Mark 

4(a)(i) (amplitude =) 15 (cm) B1 

4(a)(ii) (frequency =) 0.5 (Hz) A2 

 (frequency =) number of waves sent out / emitted in one second 
OR 1 wave in 2.0 (s) OR frequency = 1 ÷ 2(0) 

(C1) 

4(b) diffraction B1 

4(c)(i) refraction B1 

4(c)(ii) (change of) wavelength OR (wave) speed OR velocity B1 
   

Question Answer Marks 

5(a) microwaves (after radio waves) B1 

 X-rays (after ultraviolet) B1 

5(b) (use of infrared) any one from: electric grills, short range communications such as remote controllers for televisions, 
intruder alarms, thermal imaging, optical fibres, (heating) solar panels 

B1 

 (use of ultraviolet) any one from: security marking, detecting fake bank notes, sterilising water / food B1 

5(c) (infrared can cause) (skin) burns B1 

(ultraviolet can cause) damage to (surface / skin) cells / eyes OR skin cancer OR can cause eye conditions e.g. cataracts B1 
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Question Answer Mark 

6(a) KE of wind B1 

 rotates / turns / spins turbine OR blades B1 

 (turbine) turns / spins / rotates generator B1 

6(b) (output voltage =) 1200 (V) OR 1.2 kV A4 

 (V =) 624 000 ÷ 520 (C3) 

 conversion: 624 kW = 624 000 (W) (C1) 

 power = I  V OR (V =) P ÷ I (C1) 

6(c) any two from: 
 
greater efficiency 
as lower current (is used) 
(so) reduces power / energy losses 
thinner cables can be used (so reducing costs) OR pylons further apart 
idea of increased distance of transmission (of electrical power) 

B2 

   
Question Answer Mark 

7(a) 7 (cm) B1 

7(b) arrow drawn (perpendicularly) from principal axis to intersection of rays. B1 

7(c) (image is) real B1 

 inverted B1 
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Question Answer Mark 

8(a) (plotting) compass OR iron filings B1 

 detail of method B1 

 idea of using a (plotting) compass to give direction of magnetic field B1 

8(b) any four from: 
 
current in coil P 
(changing) magnetic field around / in coil P 
(magnetic field) links with / cuts coil Q 
an induced emf (across) coil Q OR voltage / current produced / generated in coil Q 
(induced emf) causes pointer on (sensitive) voltmeter to move 
when current steady no changing magnetic field OR no field (lines) cutting coil Q 
pointer then returns to zero 

B4 

   
Question Answer Mark 

9(a)(i) (to) change / control current (in circuit / heater)  
OR change / control p.d. voltage (across heater)  

B1 

9(a)(ii) (6.0 ÷ 1.5 =) 4 (cells) B1 

9(a)(iii) symbol for voltmeter seen or used B1 

 connected in parallel with heater B1 

9(b) (E =) 260 (J) A3 

 (E =) 1.6  40  4.0 (C2) 

 (E =) I  t  V OR P = I  V AND (E =) P  t (C1) 
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Question Answer Mark 

10(a)(i) (nucleon number =) 225 
(proton number =)     89 (Ac) B1 

10(a)(ii) (number of electrons =) 89 B1 

10(b) point at (20, 2.0) plotted correctly  B1 

 point at (30, 1.0) plotted correctly B1 

 points joined by a (smooth) curve to about 30 days B1 
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Question Answer Mark 

11(a) 

 
 

B1 

 B1 

 B1 

11(b) Hydrogen and  B1 

 Helium   (answers maybe in either order) B1 

 visible (light) and B1 

 Ultraviolet    (answers maybe in either order) B1 

11(c) 100 000 (light-years) B1 
 

Sun 

Mercury 

       Mars 

……Moon………. 

………Earth……… 

 …Venus……. 
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6 Calculation specific guidance 
 

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show 
your working’.  

 
For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded 
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.  

 
For answers given in standard form (e.g. a  10n) in which the convention of restricting the value of the coefficient (a) to a value between 1 
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.  

 
Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded. 
Exceptions to this general principle will be noted in the mark scheme. 

7 Guidance for chemical equations 
 

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.  
 

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme. 
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NOTES ABOUT MARK SCHEME SYMBOLS AND OTHER MATTERS 
 
M marks are method marks upon which further marks depend. For an M mark to be scored, the point to which it refers must be seen in 
 a candidate’s answer. If a candidate fails to score a particular M mark, then none of the dependent marks can be scored. 
 
B marks are independent marks, which do not depend on other marks. For a B mark to scored, 
 the point to which it refers must be seen specifically in the candidate’s answers. 
 
A marks In general A marks are awarded for final answers to numerical questions. 
 If a final numerical answer, eligible for A marks, is correct, with the correct unit and an 
 acceptable number of significant figures, all the marks for that question are normally awarded. It is very occasionally possible 
 to arrive at a correct answer by an entirely wrong approach. In these rare circumstances, do not award the A marks, but award 
 C marks on their merits. However, correct numerical answers with no working shown gain all the marks available. 
 
C marks are compensatory marks in general applicable to numerical questions. These can be scored even if the point to which they 
 refer are not written down by the candidate, provided subsequent working gives evidence that they must have known it. 
 For example, if an equation carries a C mark and the candidate does not write down the actual equation but does correct 
 substitution or working which shows that they knew the equation, then the C mark is scored. A C mark is not awarded if a 
 candidate makes two points which contradict each other. Points which are wrong but irrelevant are ignored. 
 
Brackets ( ) around words or units in the mark scheme are intended to indicate wording used to clarify the mark scheme, but the marks do 
 not depend on seeing the words or units in brackets e.g. 10 (J) means that the mark is scored for 10, regardless of the unit 
 given. 
 
Underlining indicates that this must be seen in the answer offered, or something very similar. 
 
OR / or indicates alternative answers, any one of which is satisfactory for scoring the marks. 
 
e.e.o.o. means ‘each error or omission’. 
 
o.w.t.t.e. means ‘or words to that effect’. 
 
Ignore indicates that something which is not correct or irrelevant is to be disregarded and does not cause a right plus wrong penalty. 
 
Spelling Be generous about spelling and use of English. If an answer can be understood to mean what we want, give credit. However, 
 beware of and do not allow ambiguities: e.g. spelling which suggests confusion between reflection / refraction / diffraction or 
 thermistor / transistor / transformer. 
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Not/NOT indicates that an incorrect answer is not to be disregarded, but cancels another otherwise correct alternative offered by the 
 candidate i.e. right plus wrong penalty applies. 
e.c.f. means ‘error carried forward’. This is mainly applicable to numerical questions, but may occasionally be applied in non-
 numerical questions if specified in the mark scheme. 
 This indicates that if a candidate has made an earlier mistake and has carried an incorrect value forward to subsequent stages 
 of working, marks indicated by e.c.f. may be awarded, provided the subsequent working is correct. 
  
Significant Answers are normally acceptable to any number of significant figures ⩾ 2. Any 
 Figures exceptions to this general rule will be specified in the mark scheme.  
 
Units Deduct one mark for each incorrect or missing unit from an answer that would otherwise gain all the marks available for 
 that answer: maximum 1 per question. No deduction is incurred if the unit is missing from the final answer but is shown 
 correctly in the working. Condone wrong use of upper and lower case symbols, e.g. pA for Pa. Use the annotation Xp to 
 signify where a unit penalty has been applied. 
 
Arithmetic errors Deduct only one mark if the only error in arriving at a final answer is clearly an arithmetic one. Regard a power-of-ten error as 
 an arithmetic one. 
 
Transcription Deduct only one mark if the only error in arriving at a final answer is because given or 
errors previously calculated data has clearly been misread but used correctly. 
 
Fractions Only accept these where specified in the mark scheme. 
 
Crossed out work Work which has been crossed out and not replaced but can easily be read, should be marked as if it had not been crossed 
 out. 
 
Use of NR (# key on the keyboard) Use this if the answer space for a question is completely blank or contains no readable words, figures 
 or symbols. 
 
Linking pages to other questions RM Assessor3 
It is not unusual for candidates to write all or parts of answers to question outside the normal marking zone for that question. It is absolutely vital 
that such work is marked. Examiners need to follow up cases where candidates reach the end of the answer zone in the middle of a sentence or 
cross out all the work that fills the answer zone, or use an asterisk or arrowed line or otherwise to suggest that an answer is completed or replaced 
elsewhere on the paper. 
 
If all the extra work is clearly visible in the next marking zone there is no need to link it. 
In all other cases where there is extra work that cannot be seen in the normal marking zone, examiners will need to use full screen mode to find 
the page which needs linking to a particular question and click ‘link to question’. The page is then automatically linked to that question and will 
appear below the zone for that question when marked. 
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Blank Pages 
There are no blank pages in this question paper. 
 
Annotation 
To increase marking transparency, reduce the number of enquiries about results and assist team leaders, the following is mandatory: 
• For all questions with two or more marks, examiners should tick to indicate where each credit is awarded. 
• For questions with one mark, examiners do not need to annotate the script to indicate that credit is awarded. 
• Any text annotation or annotation in a comment box should never contain – 1 or allow a possible misinterpretation that negative marking was 

applied. 
Normally place the ticks close to where the mark is scored. 
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Question Answer Marks 

1(a) 8(.0) (m / s) B1 

1(b) 1. accelerating OR acceleration B1 

2. steady or constant speed B1 

3. decelerating OR deceleration B1 

1(c) 40 (m) A3 

½  8(.0)  10 (C2) 

distance (travelled) = area below speed–time graph (C1) 
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Question Answer Marks 

2(a) (30 – 10 =) 20 (N) B1 

forwards OR in direction of 30 N force B1 

2(b)(i) (work done =) 2000 (J) A3 

(work done =) 40  50 (C2) 

(work done =) force  distance (moved in direction of force) OR (W) = F × d (C1) 

2(b)(ii) internal OR thermal energy (of surroundings / tyres) B1 

kinetic energy B1 

2(c) (pressure =) 6.3 (N / cm2) A3 

(pressure =) 240  38 (C2) 

(pressure =) force  area OR (p) = F  A (C1) 
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Question Answer Marks 

3(a) any three from: 
 

• part fill measuring cylinder with water 

B3 

• measure / note volume (of water) B1 

• submerge metal in measuring cylinder (B3) 

• determine increase in volume OR measure new volume of water (and metal) 
 
AND 
 

• find the difference in the two volumes OR increase in volume = volume of metal 

(B1) 

3(b) 19 (g / cm3) A3 

350  18 (C2) 

density = mass  volume OR ρ = m  V (C1) 
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Question Answer Marks 

4(a)(i) (wasted output energy = ) 12 (J) B1 

4(a)(ii) (form of energy wasted is) internal OR thermal (energy) B1 

4(b) (energy =) 4500 (J) A4 

(energy =) 15  300 (C3) 

power = energy  time OR (energy =) power  time (C1) 

5.0 minutes = 300 s (C1) 

4(c) any three from: 
 

• infrared OR e-m waves (from Sun) heat atmosphere 
 

• thermal energy transfers to kinetic energy of wind 
 

• kinetic energy of wind transfers to KE of turbine / blades 
 

• KE of turbine transfers to KE of generator 
 

• generator transfers kinetic energy to electrical energy 

B3 
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Question Answer Marks 

5(a) any three from: 
 
• random motion (of particles) 
 
• high speed 
 
• widely separated (compared to particles in liquid or solid) 
 
• random arrangement 
 
• constantly colliding (with each other / walls) 

B3 

5(b) any two from: 
 
• speed decreases 
 
• (because) kinetic energy OR (internal) energy decreases 
 
• (and so) collision rate decreases 

B2 
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Question Answer Marks 

6(a) (sound is) reflected (from cliff ) OR echo (from cliff) B1 

6(b) (d =) 440 (m) A3 

(d =) 340  1.3 (C2) 

(d =) s  t OR s = d  t (C1) 
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Question Answer Marks 

7(a)(i) reflection B1 

7(a)(ii) diffraction B1 

7(a)(iii) refraction B1 

7(a)(iv) change in speed B1 

7(b) (vibrations are) at right angles / perpendicular B1 

(to the) direction of propagation of the wave B1 

7(c) tick in 1st and 3rd boxes 
 
 radio waves 

B1 

 
 
 light waves 

B1 

7(d) ( =) 6(.0) (m) A3 

( =) 1500  250 (C2) 

velocity (of wave) OR wave speed = frequency  wavelength OR ( =) v  f (C1) 

✓ 

✓ 
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Question Answer Marks 

8(a)(i) 0.11 (m) B1 

8(a)(ii) 0.08 (m) B1 

8(a)(iii) any two from: 
 
• diminished OR smaller 
 
• inverted OR upside down 
 
• real 

B2 

8(b)(i) X (–rays) (box on left) B1 

gamma (rays / radiation) (box on right) B1 

8(b)(ii) security marker OR detecting fake bank notes OR sterilising (medical instruments / water / food) B1 

8(b)(iii) damage to skin OR (surface) cells OR eyes B1 
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Question Answer Marks 

9(a) either: 
 
close switch 
 
(see if) lamp lights OR reading on ammeter 
 
OR 
 
lamp lights OR reading on ammeter 
 
(so material is (a)) conductor 
 
OR 
 
lamp lights OR reading on ammeter 
 
(so must have electric) current in tin 

B2 

9(b) mention of free OR de-localised electrons (in the metal) B1 

able to move from one atom / ion / particle to another B1 

when p.d. OR voltage (applied across the metal / material) B1 
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Question Answer Marks 

10(a) (energy =) 2400 (J) A3 

(energy =) 2.2  90  12 (C2) 

(energy =) current  time  voltage OR(E) = V  I  t OR (energy =) power  time OR P  t (C1) 

10(b) live OR line earth OR ground neutral B2 

10(c) 40 A3 

(Ns) = (12  228)  760 OR 228 / 12 = 760 / Ns (C2) 

Ns / Np = Vs / Vp (C1) 
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Question Answer Marks 

11(a) 1 Mercury 2 Mars      3 Jupiter 4 Saturn B2 

11(b) any four from: 
 
• (particles of) dust OR gas 
 
• (gas / dust / rocks) orbiting Sun / protostar / star 
 
• (idea of forming) a disc of material 
 
• material (in the disc) colliding 
 
• (and) smaller objects join to make larger objects owtte 
 
• (accretion / combining due to) force of gravity 
 
• (small) rocky planets formed near the Sun 
 
• (large) gaseous planets formed furthest from Sun 

B4 
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4 (a) turning effect OR force × distance (from fulcrum)   [1] 
 
 
 (b) (i) A AND idea of bigger distance from hinge / pivot   [1] 
 
 (ii) the door closes  [1] 
 
 
5 (a) (molecules) close together / touching / strong forces holding molecules together  [1] 
  (molecules) vibrate / are not free to move around  [1] 
 
 
 (b) temperature (of wax) increases (as time increases) [1] 
  between 4 and 8 minutes the temperature stays the same [1] 
  because the wax is melting (between 4 and 8 minutes) [1] 
  temperature increases again / after 8 minutes [1] 
  wax has all melted / is all liquid (after 8 minutes) [1] 
 
 
6 (a) less pollution / reduced carbon (dioxide) emissions (compared to fossil fuels) OR other 

environmental reason [1] 
 
 
 (b) any three from: 
  output expected from wind turbine 
  energy use by factory 
  wind is intermittent 
  whether location has suitable amount of wind  
  cost / time to recoup cost of turbine 
  whether location / noise will cause nuisance to neighbours [max 3] 
 
  valid discussion of at least one factor from list above, linking it to the decision [1] 
 
 
7 (a) increase in kinetic energy due to motion  [1] 
  increase in gravitational potential energy [1] 
  due to increase in height [1] 
  increase in strain / elastic energy of pole because it is bent [1] 
 
 
 (b) total energy remains constant (note: can be implied by second mark)  [1] 
  gravitational potential energy lost = kinetic energy gained (+ thermal energy / heating) [1] 
 
 
8 (a) beard tip to cross perpendicular to mirror [1] 
  distance beard tip to mirror = distance mirror to cross B [1] 
 
 
 (b) incident ray from beard tip to mirror and reflected ray along line from eye to cross B or  

angles of incidence and reflection are approximately the same [1] 
  arrows from beard to eye [1] 
 
 
 (c) angles i and r correctly labelled [1] 
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9 (a) radio OR television [1] 
  ultraviolet [1] 
 
 
 (b) “long wavelength” written at left end of spectrum [1] 
 
 
 (c) cooking / ovens / grills / heating / remote-controls / burglar alarms  [1] 
  cancer treatment / medical imaging / sterilisation / use as a tracer [1] 
 
 

10 (a) (i) 150 + 200 or 350 (Ω) seen or implied by correct final answer [1] 

   use of I = V/R in any form or 12/candidate’s resistance seen or 12/350 implied by correct 
answer  [1] 

   0.034 to at least 2 sig. figs. [1] 
   A or mA as appropriate  [1] 
 

  (ii) candidate’s (i) × 200 or proportion or potential divider calculation  [1] 
   6.9 (V) to at least 2 sig. figs.  [1] 
 
 (iii) variable resistor symbol drawn in suitable position on circuit [1] 
 
 
 (b) (i) parallel [1] 
 
 (ii) brighter [1] 
   p.d. / voltage (across lamp) is greater [1] 
 
 
11 (a) (i) at least two continuous loops either side of magnet, from one pole to the other [1] 
   at least one arrow, not contradicted, showing direction N to S [1] 
 
 (ii) magnet which operates when there is a current OR coil wrapped round iron bar  [1] 
 
 
 (b) (i) alternating current changes direction OR direct current is in one direction only [1] 
 
 (ii) mention of magnetic field [1] 
   changing magnetic field / flux linkage, however expressed OR field lines being cut etc. [1] 
   induced emf / current / electricity [1] 
 
 
12 (a) break up of unstable nuclei [1] 
  emission of ionising radiation / alpha / beta / gamma [1] 
 
 
 (b) only half-life ticked  [1] 
 
 
 (c) (i) clear statement of start point (can be inferred from markings on graph) [1] 
   clear halving [1] 
   2 minutes  [1] 
 
 (ii) 550/2 OR 1100/4 OR 2200/8 e.c.f. (c) (i) [1] 
   275 (counts / min) e.c.f. (c) (i) [1] 
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 (d) (i) any two from: 
   emissions (from radioactive substances) are ionising 
   (ionising) radiation can damage cells / body tissue / burns 
   risk of cancer 
   risk of radiation sickness 
   risk of mutations / damage to offspring [max 2] 
 
  (ii) any two different examples from:  
   use of gloves 
   tweezers 
   lead / concrete 
   maintain distance 
   minimise exposure time [max 2] 
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er

lin
in

g 
U

nd
er

lin
in

g 
in

di
ca

te
s 

th
at

 t
hi

s 
m

u
st

 b
e 

se
en

 in
 th

e 
an

sw
er

 o
ff

er
ed

, o
r 

so
m

et
hi

ng
 v

er
y 

si
m

ila
r.

 
 O

R
 /

 o
r 

T
hi

s 
in

di
ca

te
s 

al
te

rn
at

iv
e 

an
sw

er
s,

 a
ny

 o
ne

 o
f w

hi
ch

 is
 s

at
is

fa
ct

or
y 

fo
r 

sc
or

in
g 

th
e 

m
ar

ks
. 

 ee
oo

. 
T

hi
s 

m
ea

ns
 ‘e

ac
h 

er
ro

r 
or

 o
m

is
si

on
’. 

 ow
tt

e.
 

T
hi

s 
m

ea
ns

 ‘o
r 

w
or

ds
 t

o 
th

at
 e

ff
ec

t’.
 

 Ig
no

re
 

T
hi

s 
in

di
ca

te
s 

th
at

 s
om

et
hi

ng
 w

hi
ch

 is
 n

ot
 c

or
re

ct
 o

r 
irr

el
ev

an
t i

.e
. i

t i
s 

no
t a

 c
on

tr
ad

ic
tio

n 
(C

O
N

) 
is

 to
 b

e 
di

sr
eg

ar
de

d 
an

d 
do

es
 n

ot
 in

cu
r 

a 
pe

na
lty
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 S
pe
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B
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 s
pe
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f E

ng
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h.
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 a
n 

an
sw

er
 c

an
 b

e 
un

de
rs

to
od

 to
 m

ea
n 

w
ha

t w
e 

w
an

t, 
gi

ve
 c

re
di

t. 
H

ow
e

ve
r,

 
do

 n
ot

 a
llo

w
 a

m
bi

gu
iti

es
, 

e.
g.

 s
pe

lli
ng

 w
hi

ch
 s

ug
ge

st
s 

co
nf

us
io

n 
be

tw
ee

n 
re

fle
ct

io
n 

/ r
ef

ra
ct

io
n 

/ d
iff

ra
ct

io
n 

or
 th

er
m

is
to

r 
/ 

tr
an

si
st

or
 /

 t
ra

ns
fo

rm
er
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 N

ot
 / 

N
O

T
 

T
hi

s 
in

di
ca

te
s 

th
at

 a
n 

in
co

rr
ec

t a
ns

w
er

 is
 n

ot
 to

 b
e 

di
sr

eg
ar

de
d,

 b
ut

 c
an

ce
ls

 a
no

th
er

 o
th

er
w

is
e 

co
rr

ec
t a

lte
rn

at
iv

e 
of

fe
re

d 
by

 
th

e 
ca

nd
id

at
e,

 i.
e.

 r
ig

ht
 p

lu
s 

w
ro

ng
 p

en
al

ty
 a

pp
lie

s.
 

 ec
f 

m
ea

ni
ng

 ‘e
rr

or
 c

ar
rie

d 
fo

rw
ar

d’
 is

 m
ai

nl
y 

ap
pl

ic
ab

le
 to

 n
um

er
ic

al
 q

ue
st

io
ns

, 
bu

t 
m

ay
 in

 p
ar

tic
ul

ar
 c

irc
um

st
an

ce
s 

be
 a

pp
lie

d
 in
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n-
nu

m
er

ic
al

 q
ue

st
io

ns
. T

hi
s 
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ca
te

s 
th

at
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 c
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di

da
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ad

e 
an

 e
ar

lie
r 

m
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ke
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 c
ar

rie
d 

an
 in
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rr

ec
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ue
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rw
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d 
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ub

se
qu

en
t s
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ge

s 
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 w
or

ki
ng

, m
ar

ks
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di
ca

te
d 

by
 e

cf
 m

ay
 b

e 
aw

ar
de

d,
 p

ro
vi

de
d 

th
e 

su
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eq
ue

nt
 w

or
ki

ng
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co

rr
ec
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g 
in

 m
in

d 
th

e 
ea

rli
er
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is

ta
ke
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T

hi
s 

pr
ev

en
ts
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 c

an
di

da
te

 f
ro

m
 b

ei
ng

 p
en

al
is

ed
 m

or
e 

th
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 o
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fo
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a 

pa
rt
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m
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ke

, b
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pp
lie
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 m
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nn
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ed
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ar
k 
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m
e.
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ay
s 
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n
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te
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cf
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lie
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o 
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rr

ec
t a
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S
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w
er
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ep
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r 
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fic
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t f
ig

ur
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 e
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en
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 r

ul
e 
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 b
e 
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ar
k 

sc
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m
e.
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ot
at

e 
w
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F
 fr

om
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e 
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ol
ba

r.
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 s
ec

on
d 

(o
r 

fu
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he
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. f
ig

. 
er

ro
r 
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 s
in

gl
e 

qu
es

tio
n 

is
 n

ot
 p

en
al

is
ed

; 
an

no
ta

te
 w

ith
 S

F
 S

F
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 n
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m
al
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cc
ep

ta
bl

e 
to

 q
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 ju
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.f
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fo

r 
an

sw
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s,
 w
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.f 
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D

ed
uc

t o
ne

 m
ar
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fo

r 
ea
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rr
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r 
m
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si

ng
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m
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n 

an
sw

er
 th

at
 w

ou
ld

 o
th

er
w

is
e 
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in

 a
ll 

th
e 

m
ar

ks
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va
ila

bl
e 

fo
r 

th
at

 
an

sw
er

: 
m

ax
im

u
m

 1
 p

er
 q

u
es

ti
o

n
. N

o 
de

du
ct

io
n 

is
 in

cu
rr

ed
 if

 th
e 

un
it 

is
 m

is
si

ng
 fr

om
 th

e 
fin

al
 a

ns
w

er
 b

ut
 is

 s
ho

w
n 

co
rr

ec
tly

 
in

 th
e 

w
or

ki
ng

. A
nn

ot
at

e 
w

ith
 U

.  
 

F
or

 m
or

e 
th

an
 o

ne
 u

ni
t e

rr
or

 in
 a

 q
ue

st
io

n,
 a

nn
ot

at
e 

U
U

 to
 in

di
ca

te
 a

n 
er

ro
r 

w
hi

ch
 h

as
 n

ot
 b

ee
n 

pe
na

lis
ed
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U
nl

es
s 

lis
te

d 
he

re
 o

r 
st

at
ed

 in
 t

he
 m

ar
k 

sc
he

m
e 

fo
r 

th
e 

qu
es

tio
n,

 d
o 

no
t 

ac
ce

pt
 d

er
iv

ed
 u

ni
ts

 e
.g

. 
kg
 m
 s

–2
 fo

r 
N

 is
 N

O
T

 
ac

ce
pt

ab
le

. T
he

 f
ol

lo
w

in
g 

ar
e 

ac
ce

pt
ab

le
 a

lte
rn

at
iv

es
: 

N
 m

 fo
r 

J,
 J
 s

–1
 o

r 
N
 m

s–1
 fo

r 
W

, N
 m

–2
 fo

r 
P

a
, N

 s
 a

nd
 k

g 
m
 s

–1
 a

re
 b

ot
h 

ac
ce

pt
ab

le
 fo

r 
bo

th
 m

om
en

tu
m

 a
nd

 im
pu

ls
e.

 
 

B
ew

ar
e:

 J
 N

O
T

 a
cc

ep
ta

bl
e 

fo
r 

m
om

en
ts

.  
 

C
on

do
ne

 w
ro

ng
 u

se
 o

f u
pp

er
 a

nd
 lo

w
er

 c
as

e 
sy

m
bo

ls
, e

.g
. p

A
 fo

r 
P

a.
 

 
 A

rit
hm

et
ic

 e
rr

or
s 

If 
th

e 
o

n
ly

 e
rr

or
 in

 a
rr

iv
in

g 
at

 a
 fi

na
l a

ns
w

er
 is

 c
le

ar
ly

 a
n 

ar
ith

m
et

ic
 o

ne
, t

he
n 

th
e 

m
ar

k 
aw

ar
de

d 
w

ill
 b

e 
on

e 
m

ar
k 

lo
w

er
 th

an
 

th
e 

m
ax

im
u

m
 m

ar
k.

  
 

R
eg

ar
d 

a 
po

w
er

-o
f-

te
n 

er
ro

r 
as

 a
n 

ar
ith

m
et

ic
 e

rr
or

 u
nl

es
s 

ot
he

rw
is

e 
sp

ec
ifi

ed
 in

 th
e 

m
ar

k 
sc

he
m

e.
 A

nn
ot

at
e 

w
ith

 P
O

T
. D

o 
no

t 
pe

na
lis

e 
th

e 
sa

m
e 

P
O

T
 e

rr
or

 m
or

e 
th

an
 o

nc
e.

 A
nn

ot
at

e 
P

O
T

 P
O

T
. H

ow
ev

er
 if

 th
e 

po
w

er
-o

f-
te

n 
er

ro
r 

is
 d

ue
 to

 th
e 

w
ro

ng
 

om
is

si
on

 o
r 

in
cl

us
io

n 
of

 g
 (

=
 1

0 
N
 / 

kg
) 

th
is

 r
ul

e 
do

es
 n

ot
 a

pp
ly

. 
 

T
he

 u
se

 o
f a

 w
ro

ng
 S

I p
re

fix
 in

 th
e 

fin
al

 a
ns

w
er

 is
 c

ou
nt

ed
 a

s 
a 

po
w

er
-o

f-
te

n 
er

ro
r 

ra
th

er
 th

an
 a

 u
ni

t e
rr

or
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T
ra
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ro
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 t
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er

ro
r 
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iv
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g 

at
 a
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in

al
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w
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ec
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se

 p
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ou

sl
y 

ca
lc

ul
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ed
 d
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a 

ha
s 

cl
ea

rly
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ee
n 

m
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bu

t 
us

ed
 

co
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tly

, t
he
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th
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t q

ue
st

io
n 

th
e 

m
ar

k 
w

ill
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 m
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 F
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ct

io
ns

 
A

llo
w

 th
es

e 
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 w

he
re

 s
pe

ci
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d 
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 th
e 

m
ar

k 
sc

he
m

e;
 t

he
y 

ar
e 

a 
fo
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 o

f 
si

g.
 f

ig
. 

er
ro

r;
 a

nn
ot

at
e 

w
ith

 S
F

. 
C

on
se

qu
en

tly
, 

w
he

n 
a 

si
g.

 f
ig

. 
er

ro
r 

an
d 

a 
fr

ac
tio

n 
is

 u
se

d 
in

 t
he

 s
am

e 
qu

es
tio

n,
 t

he
 s

ec
on

d 
an

sw
er

 m
ay

 s
til

l b
e 

aw
ar

de
d 

fu
ll 

m
ar

ks
.  

 C
ro

ss
ed

 o
ut

 
W

or
k 

w
hi

ch
 h

as
 b

ee
n 

cr
os

se
d 

ou
t 

an
d

 n
o

t 
re

p
la

ce
d

 b
u

t 
ca

n
 e

as
ily

 b
e 

re
ad

, s
ho

ul
d 

be
 m

ar
ke

d 
as

 if
 it

 h
ad

 n
ot

 b
ee

n 
cr

os
se

d
 

ou
t.

 L
oo

k 
to

 s
ee

 if
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 h
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 b
ee

n 
re

pl
ac

ed
 o

n 
a 

bl
an

k 
pa

ge
 o

r 
an

ot
he

r 
pa

rt
 o

f 
th

e 
sa

m
e 

pa
ge
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 U

se
 o

f 
N

R
 

(#
 o

r 
/ k

ey
 o

n 
th

e 
ke
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oa

rd
).

 U
se

 th
is

 if
 th

e 
an

sw
er

 s
pa
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 fo

r 
a 
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tio
n 

is
 c

om
pl

et
el

y 
bl

an
k 

or
 c

on
ta

in
s 

no
 r

ea
da

bl
e 

w
or

ds
, 

fig
ur

es
 o
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sy
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bo

ls
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R

M
 A

ss
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so
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P

le
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 th
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ow
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M
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T
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 t
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l b
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 s
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6 Calculation specific guidance 
 

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show 
your working’.  

 
For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded by 
the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.  

 
For answers given in standard form (e.g. a  10n) in which the convention of restricting the value of the coefficient (a) to a value between 1 
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.  

 
Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded. 
Exceptions to this general principle will be noted in the mark scheme. 

7 Guidance for chemical equations 
 

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.  
 

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme. 
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Acronyms and shorthand in the mark scheme. 
 
acronym / shorthand explanation 

A mark Final answer mark which is awarded for fully correct final answers including the unit. 

C mark Compensatory mark which may be scored when the final answer (A) mark for a question has not been awarded.  

B mark Independent mark which does not depend on any other mark.  

M mark Method mark which must be scored before any subsequent final answer (A) mark can be scored. 

Brackets ( ) Words not explicitly needed in an answer, however if a contradictory word/phrase/unit to that in the brackets is seen the 
mark is not awarded. 

Underlining The underlined word (or a synonym) must be present for the mark to be scored. If the word is a technical scientific term, 
the word must be there. 

/ or OR Alternative answers any one of which gains the credit for that mark. 

owtte Or words to that effect. 

ignore Indicates either an incorrect or irrelevant point which may be disregarded, i.e., not treated as contradictory.  

insufficient an answer not worthy of credit on its own. 

CON An incorrect point which contradicts any correct point and means the mark cannot be scored. 

ecf [question part]  Indicates that a candidate using an erroneous value from the stated question part must be given credit here if the 
erroneous value is used correctly here. 

cao correct answer only 
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Question Answer Marks 

1(a) speed = 4.3 m / s speed = 4.3 m / s 
 

A2 

 correct vector triangle or rectangle drawn use of Pythagoras’ theorem 
e.g. a2 + b2 = c2 OR (speed =) ( ) +2 22.5 3.5  

 

(C1) 

 direction = 54° or 55° direction = 54° or 55° 
 

A2 

 resultant velocity vector (including arrow) use of trigonometry to find angle 
e.g. tan   = 3.5 / 2.5 

 

(C1) 

1(b) a scalar quantity  
distance, time, mass, energy, temperature 

B1 

 a vector quantity 
force, weight, acceleration, momentum, electric field strength, gravitational field strength 

B1 

   
Question Answer Marks 

2(a) ship is not solid steel / there are air spaces in ship B1 

 (average) density of ship is less than the density of the water B1 

2(b) the centre of gravity is lower and (so) the ship is more stable A2 

 the centre of gravity is lower OR ship more stable (C1) 

2(c) 1.4  107 J OR 14 MJ OR 14 000 kJ A2 

 ∆Ep= mg(∆)h OR (∆Ep= ) mg(∆)h OR 30 000  9.8  48 (C1) 
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Question Answer Marks 

3(a) energy cannot be created or destroyed B1 

 energy can be transferred / transformed (between energy stores) B1 

3(b)(i) energy transferred in one hour at a rate of transfer of 1 kW B1 

3(b)(ii) 7200 (kWh) A2 

 (∆)E = Pt OR (∆E) = Pt OR 1800  4.0 OR 1.8  4.0 OR 7.2  10n (C1) 

3(c) any two from: 
• geothermal 
• nuclear 
• tidal 

B2 

   
Question Answer Marks 

4(a) delocalised / free / mobile electrons B1 

 electrons move through metal OR electrons collide with distant particles OR electrons carry energy through the metal B1 

 lattice vibrations transfer energy to neighbouring particles OR particles vibrate and cause nearby / adjacent particles to 
vibrate OR vibrating particles collide with particles transferring energy  

B1 

4(b)(i) (attractive) forces (between particles are much) greater in liquids (than in gases) B1 

 particles in gases are (much) further apart (than in liquids) B1 

4(b)(ii) occurs at a fixed temperature B1 

 takes place throughout the liquid B1 
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Question Answer Marks 

4(c) 3.93 J / (g °C) OR 3930 J / (kg °C) A4 

  = m / V OR (m =) V OR 1.03  200 OR 206 SEEN (C1) 

 c = E / m∆ OR (c = ) E / m∆ OR 60 700 / (206  75) OR 60700 / (1.03  200  75) (C1) 

 (m =) 206 (g) OR (∆) = 75 (°C) (C1) 

   
Question Answer Marks 

5(a)(i) 42° A2 

 n = 1 / sin c OR c = sin–1 (1 / n) OR c = sin–1 (1 / 1.5)  (C1) 

5(a)(ii) ray continues along radius of semicircle within plastic M1 

 ray reflected inside plastic on straight edge, with angle of reflection = angle of incidence AND emerges from block along 
the normal 

A1 

5(b)(i) (focal length =) 7.2 cm B1 

5(b)(ii) two correct rays from: 
• ray from top of object through centre of lens 
• ray from top of object (that would pass through F on LHS of lens) refracted parallel to the principal axis 
• ray from top of object to lens, parallel to principal axis, refracted through F (same distance on right of lens as F marked 

on left of lens) 

M2 

 Two rays correctly extended back to intersect to left of object and line from principal axis to top of image labelled I. A1 

5(c) diverging lens in front of eye lens B1 

 rays meeting on the retina B1 
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Question Answer Marks 

6(a) (region where) particles are close(r) together (than normal) OR (region where) there is a great(er) pressure (than normal)   B1 

 (region where) particles are further / far apart (than normal) OR (region where) there is a low(er) pressure (than normal) B1 

6(b) light does not need a medium to travel through OR sound needs a medium to travel through (and there is no medium 
between Sun and Earth) 

B1 

6(c) 3100 m OR 3.1 km A2 

 v = s / t OR (s =) vt OR 340  9  (C1) 

6(d) 1400 C A3 

 I = Q / t OR (Q = )I t OR 3.0  104  48  10–3 (C1) 

 (t =) 48  10–3 OR (t =) 4.8  10–2 OR (t =) 0.048 SEEN  (C1) 

   
Question Answer Marks 

7(a) work done in passing charge through / across a component B1 

 work done per unit charge B1 

7(b)(i) (definition of emf:) E = W / Q B1 

7(b)(ii) 270 J A2 

 W = EQ OR 9.0  30 (C1) 
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Question Answer Marks 

7(c)(i) correct symbols for d.c. power supply, a lamp and a thermistor 
 

 

 
 

 

B1 

 three components in a complete series circuit B1 

7(c)(ii) resistance (of thermistor) decreases (when temperature increases) B1 

 resistance of circuit decreases OR greater current (in lamp so brightness of lamp increases) OR greater p.d. across lamp 
(so brightness of lamp increases) 

B1 

   
Question Answer Marks 

8(a) downwards / into the page / anti-clockwise B1 

8(b) current, (magnetic) field, motion at right angles to each other B1 

 magnetic field from left to right / N to S AND current is from A to B / positive to negative B1 
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Question Answer Marks 

8(c) (at vertical) the coil stops OR (at vertical) the coil overshoots and comes back OR the coil vibrates (about the vertical) B1 

 any one from: 
• (as the coil approaches vertical) the turning effect decreases 
• (at vertical) the turning effect is zero 
• (past vertical) the turning effect reverses / changes direction 

B1 

8(d) reverses the current  B1 

 any two from: 
• (brushes) ensure current is maintained / owtte 
• coil rotates continuously / continues to move in the same direction 
• (allows current to change direction) without wires getting tangled 
• (reverses the current) every half turn / 180 degrees / OR (reverses the current) when the coil is vertical / at right angles 

to the magnetic field 

B2 

   
Question Answer Marks 

9(a)(i) large unstable nucleus OR neutrons hit nucleus OR neutrons are released (from nucleus) B1 

 (large) nucleus splits (into smaller nuclei) B1 

 (large) release of energy  B1 
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Question Answer Marks 

9(a)(ii) advantage – one from: 
• Continuous supply of energy  
• not affected by the weather OR not affected by wind strength 
• produces large amounts of energy 

B1 

 disadvantage – one from: 
• resources finite / not renewable 
• cost / difficulty of building / cost / difficulty of decommissioning 
• danger if any leak of radiation 
• produces hazardous / dangerous waste OR difficulty of storage of used radioactive material OR nuclear waste must be 

stored for a long time 

B1 

9(b) 2
1H  + 2

1H  → 3
2He  + 1

0n   

 LHS correct B1 

 3
2He  on RHS B1 

 1
0n  on RHS B1 

   
Question Answer Marks 

10(a) 24 km / s A3 

 v = 2r / T OR (v =) 2r / T OR (2  2.28  108) / (690  24  60  60) (C1) 

 (2  2.28  108) / (690  24  60  60) OR (T =) 690  24  60  60 OR (T=) 59 616 000 (s) (C1) 

10(b) elliptical / ellipse B1 
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Question Answer Marks 

10(c)(i) wavelength (of light from distant galaxies) increases B1 

 occurs when galaxies are moving away (from Earth) B1 

10(c)(ii) speed / velocity (that galaxy is moving away from Earth) B1 
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6 Calculation specific guidance 
 

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show 
your working’.  

 
For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers  when rounded 
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.   

 
For answers given in standard form (e.g. a  10n) in which the convention of restricting the value of the coefficient (a) to a value between 1 
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.  

 
Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is  not awarded. 
Exceptions to this general principle will be noted in the mark scheme. 

7 Guidance for chemical equations 
 

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.  
 

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme.  
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Acronyms and shorthand in the mark scheme. 
 
acronym / shorthand explanation 

A mark Final answer mark which is awarded for fully correct final answers including the unit. 

C mark Compensatory mark which may be scored when the final answer (A) mark for a question has not been awarded.  

B mark Independent mark which does not depend on any other mark.  

M mark Method mark which must be scored before any subsequent final answer (A) mark can be scored.  

Brackets ( ) Words not explicitly needed in an answer, however if a contradictory word/phrase/unit to that in the brackets is seen the 
mark is not awarded. 

Underlining The underlined word (or a synonym) must be present for the mark to be scored. If the word is a technical scientific term, 
the word must be there. 

/ or OR Alternative answers any one of which gains the credit for that mark. 

owtte Or words to that effect. 

ignore Indicates either an incorrect or irrelevant point which may be disregarded, i.e., not treated as contradictory.  

insufficient an answer not worthy of credit on its own. 

CON An incorrect point which contradicts any correct point and means the mark cannot be scored. 

ecf [question part]  Indicates that a candidate using an erroneous value from the stated question part must be given credit here if the 
erroneous value is used correctly here. 

cao correct answer only 
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Question Answer Marks 

1(a) constant speed B1 

constant / uniform deceleration B1 

stationary B1 

1(b)(i) 7.1  105 J OR 710 000 J OR 710 kJ A2 

EK= ½mv2 OR (EK= ) ½mv2 OR ½  18 000  (8.9)2 (C1) 

1(b)(ii)  31 000 N OR 31 kN A3 

W = Fd OR (F =) W / d OR 710 000 / 23 (C1) 

F = 710 000 / 23 (C1) 

   
Question Answer Marks 

2(a) (Impulse =) force  time (for which force acts) B1 

2(b)(i) F∆t = ∆{mv} OR (F =) ∆{mv} / ∆t OR (F =) ∆p / t M1 

{2800  1400} (/ 1) = 3 920 000 N OR {2800  1400} (/ 1) = 3920 kN A1 

2(b)(ii) 4.0  105 kg OR 400 000 kg A3 

(at maximum mass) force = weight of rocket OR F = mg  (C1) 

(m=) F / g OR 3.9  106 / 9.8 OR 4(.0)  10N (kg) (C1) 
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Question Answer Marks 

3(a)(i) 2.0  105 Pa OR 200 000 Pa OR 200 kPa A2 

(P =) F / A OR 13 000 / (0.016  4) (C1) 

3(a)(ii) Any four from: 
• friction between road and tyre  
• temperature of air / tyre increases  
• particles (of air in tyre) move faster 
• particles (of air) collide harder with the walls (of the tyre) OR particles (of air) collide more frequently with the walls (of 

the tyre) 
• force (on the tyre wall) increases, AND area (of tyre) is constant (so tyre pressure increases) 

B4 

3(b) (maximum number = ) 34 A3 

pV = constant OR {2.0  106  0.026} = 1.0  105  V2  (C1) 

V2 = 0.52 (m3) OR (V2 =) {2.0  106  0.026} / 1.0  105 

OR (number of balloons =) {2.0  106  0.026} / {1.0  105  0.015} 
(C1) 

   
Question Answer Marks 

4(a) energy transferred per unit mass per unit temperature change  A2 

(thermal) energy (transferred) per unit temperature change (C1) 

4(b)(i) (m =) 2.2 kg A2 

 m = V in any form OR 910  0.0024 (C1) 

4(b)(ii) 7.0  105 J OR 700 000 J A2 

c = ∆E / { m∆ } OR (∆E =) mc∆ OR 2.2  2000  160 OR 2.184  2000  160 (C1) 
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Question Answer Marks 

4(b)(iii) 1700 W A2 

(P =) E / t OR 700 000 / 7  60 OR 704 000 / 7  60 OR 698 880 / 7  60  (C1) 

 
 

 
Question Answer Marks 

5(a)(i) 
 

application region of electromagnetic spectrum 

cancer treatment gamma rays 

bluetooth radio waves 

optical fibres infrared 

security marking ultraviolet 

sterilising food gamma rays 

wireless internet Microwaves 
 

B3 

5(a)(ii) 3.0  108 (m / s) OR 300 000 000 (m / s) B1 

5(b)(i) three crests parallel to the barrier B1 

same wavelength as wave after the gap B1 

5(b)(ii) central part of crest (parallel to the (gap in the) barrier) is straight  B1 

crests have curved ends  B1 
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Question Answer Marks 

6(a) ray from top of object to tip of image M1 

line labelled L drawn perpendicular to principal axis at its intersection with previous ray A1 

6(b) ray from top of O parallel to principal axis to lens AND ray from lens to tip of I 
OR ray from tip of I parallel to principal axis to lens AND ray from lens to top of O 

B1 

2.1 cm B1 

6(c) virtual  B1 

upright B1 

   
Question Answer Marks 

7(a) 

 

B1 

7(b)(i) 1.5 V A2 

Vout / VR = Rout / R OR VR = 3 Vout  (C1) 

7(b)(ii) 0.51 C A2 

I = Q / t OR (Q =) It OR 1.7  10–3  300  (C1) 
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Question Answer Marks 

8(a)(i) three concentric circles centred on X B1 

second and third circles further apart than first and second circles B1 

direction of arrows clockwise B1 

8(a)(ii) strength of magnetic field increases  B1 

 its direction reverses   B1 

8(b) any three from: 
• P = I 2R OR power (loss) = I 2R 
• (high voltage allows) low current (so at same power output, less power  / energy lost)  
• thin wires have high resistance (so more power / energy lost) 
• (low) current has a greater effect (on efficiency) than (high) resistance (of the thin wires) 

B3 

   
Question Answer Marks 

9(a)(i) most of the atom is empty space  B1 

9(a)(ii) any two from: 
1 the nucleus is very small 
2 mass of gold nucleus is much greater than mass of alpha particle 
3 the nucleus is positively charged 

B2 

corresponding explanation to conclusion: 
1 not many alpha particles pass close to the nucleus / owtte 
2 large force between alpha and nucleus (has bigger effect on small mass of alpha) 
3 alpha particles are positively charged, AND force is repulsive  

B2 

9(b)(i) (in the nucleus a) neutron is changed into a proton (and an electron which is the emitted -particle) B1 
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Question Answer Marks 

9(b)(ii) 22 g A3 

(87 years is) three half -lives OR 25 / 8 OR 87 / 29 = 3 (half lives) (C1) 

1 / 8th (of the strontium remains) OR 25 / 8 (decays) OR 3.125 seen (C1) 

   
Question Answer Marks 

10(a)(i) position A and / or E B1 

position G B1 

10(a)(ii) 1 month  B1 

10(b)(i) 110 000 (km / h) A3 

(v = )2r / T  (C1) 

T = 365  24h OR 2  1.5  108 / 365  24 (C1) 

10(b)(ii) 500 s A2 

v = s / t OR (t =) s / v OR 1.5  1011 / 3.0  108 (C1) 

   
Question Answer Marks 

11(a) inward force / force of gravitational attraction, is balanced by an outward force / force due to fusion reactions B1 

11(b)(i) ratio of the speed at which the galaxy is moving away from the Earth/observer to its distance (from the Earth/observer)  A2 

ratio of speed (of a galaxy) to distance (away from observer) (C1) 
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Question Answer Marks 

11(b)(ii) (age of universe =) d / v = 1 / H0 OR age (of universe) = 1 / H0 B1 

11(b)(iii) 4.5  1017 (s) B1 
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ve
s 

a 
te

xt
 b

ox
 to

 w
rit

e 
co

m
m

en
t –

m
uc

h 
ea

si
er

 
to

 u
se

 th
an

 in
 th

e 
pr

ev
io

us
 v

er
si

on
 o

f R
M

 
as

se
ss

or
 

 
SF

 
 SF

SF
 

er
ro

r i
n 

nu
m

be
r o

f s
ig

ni
fic

an
t f

ig
ur

es
 

si
gn

ifi
ca

nt
 fi

gu
re

 e
rro

r n
ot

 p
en

al
iz

ed
. 

PO
T 

 PO
T 

PO
T 

po
w

er
-o

f-t
en

 e
rro

r 
 PO

T 
pe

na
lty

 n
ot

 a
pp

lie
d 

as
 a

lre
ad

y 
ap

pl
ie

d 

EC
F 

er
ro

r c
ar

rie
d 

fo
rw

ar
d 

 
TV

 
to

o 
va

gu
e 

^ 
om

is
si

on
 m

ar
k 

 
I 

ig
no

re
 

? 
un

cl
ea

r 
 

 
 

U
  

U
U

  
un

it 
pe

na
lty

 a
pp

lie
d 

un
it 

pe
na

lty
 n

ot
 a

pp
lie

d 
be

ca
us

e 
al

re
ad

y 
ap

pl
ie

d 
ea

rli
er

 in
 s

am
e 

qu
es

tio
n 

 
SC
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ec
ia

l c
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N
O

TE
S 

AB
O

U
T 

M
AR

K 
SC

H
EM

E 
SY

M
BO

LS
 A

N
D

 O
TH

ER
 M

AT
TE

R
S 

 
 B 

m
ar

ks
 

ar
e 

in
de

pe
nd

en
t m

ar
ks

, w
hi

ch
 d

o 
no

t d
ep

en
d 

on
 o

th
er

 m
ar

ks
. F

or
 a

 B
 m

ar
k 

to
 b

e 
sc

or
ed

, t
he

 p
oi

nt
 to

 w
hi

ch
 it

 re
fe

rs
 m

us
t b

e 
se

en
 s

pe
ci

fic
al

ly
 in

 th
e 

ca
nd

id
at

e’
s 

an
sw

er
. 

 M
 m

ar
ks

 
ar

e 
m

et
ho

d 
m

ar
ks

 u
po

n 
w

hi
ch

 fu
rth

er
 m

ar
ks

 d
ep

en
d.

  F
or

 a
n 

M
 m

ar
k 

to
 b

e 
sc

or
ed

, t
he

 p
oi

nt
 to

 w
hi

ch
 it

 re
fe

rs
 m

us
t b

e 
se

en
 in

 
a 

ca
nd

id
at

e'
s 

an
sw

er
.  

If 
a 

ca
nd

id
at

e 
fa

ils
 to

 s
co

re
 a

 p
ar

tic
ul

ar
 M

 m
ar

k,
 th

en
 n

on
e 

of
 th

e 
de

pe
nd

en
t m

ar
ks

 c
an

 b
e 

sc
or

ed
. 

 C
 m

ar
ks

 
ar

e 
co

m
pe

ns
at

or
y 

m
ar

ks
 in

 g
en

er
al

 a
pp

lic
ab

le
 to

 n
um

er
ic

al
 q

ue
st

io
ns

. T
he

se
 c

an
 b

e 
sc

or
ed

 e
ve

n 
if 

th
e 

po
in

t t
o 

w
hi

ch
 th

ey
 

re
fe

r a
re

 n
ot

 w
rit

te
n 

do
w

n 
by

 th
e 

ca
nd

id
at

e,
 p

ro
vi

de
d 

su
bs

eq
ue

nt
 w

or
ki

ng
 g

iv
es

 e
vi

de
nc

e 
th

at
 th

ey
 m

us
t h

av
e 

kn
ow

n 
it.

 
Fo

r e
xa

m
pl

e,
 if

 a
n 

eq
ua

tio
n 

ca
rri

es
 a

 C
 m

ar
k 

an
d 

th
e 

ca
nd

id
at

e 
do

es
 n

ot
 w

rit
e 

do
w

n 
th

e 
ac

tu
al

 e
qu

at
io

n 
bu

t d
oe

s 
co

rre
ct

 
su

bs
tit

ut
io

n 
or

 w
or

ki
ng

 w
hi

ch
 s

ho
w

s 
he

 k
ne

w
 th

e 
eq

ua
tio

n,
 th

en
 th

e 
C

 m
ar

k 
is

 s
co

re
d.

 A
 C

 m
ar

k 
is

 n
ot

 a
w

ar
de

d 
if 

a 
ca

nd
id

at
e 

m
ak

es
 tw

o 
po

in
ts

 w
hi

ch
 c

on
tra

di
ct

 e
ac

h 
ot

he
r. 

Po
in

ts
 w

hi
ch

 a
re

 w
ro

ng
 b

ut
 ir

re
le

va
nt

 a
re

 ig
no

re
d.

 
 A 

m
ar

ks
 

In
 g

en
er

al
, A

 m
ar

ks
 a

re
 a

w
ar

de
d 

fo
r f

in
al

 a
ns

w
er

s 
to

 n
um

er
ic

al
 q

ue
st

io
ns

.  
If 

a 
fin

al
 n

um
er

ic
al

 a
ns

w
er

, e
lig

ib
le

 fo
r A

 m
ar

ks
, i

s 
co

rre
ct

, w
ith

 th
e 

co
rre

ct
 u

ni
t a

nd
 a

n 
ac

ce
pt

ab
le

 n
um

be
r o

f s
ig

ni
fic

an
t f

ig
ur

es
, a

ll 
th

e 
m

ar
ks

 fo
r t

ha
t q

ue
st

io
n 

ar
e 

no
rm

al
ly

 
aw

ar
de

d.
 

 Br
ac

ke
ts

 ( 
) 

Br
ac

ke
ts

 a
ro

un
d 

w
or

ds
 o

r u
ni

ts
 in

 th
e 

m
ar

k 
sc

he
m

e 
ar

e 
in

te
nd

ed
 to

 in
di

ca
te

 w
or

di
ng

 u
se

d 
to

 c
la

rif
y 

th
e 

m
ar

k 
sc

he
m

e,
 b

ut
 th

e 
m

ar
ks

 d
o 

no
t d

ep
en

d 
on

 s
ee

in
g 

th
e 

w
or

ds
 o

r u
ni

ts
 in

 b
ra

ck
et

s,
 e

.g
. 1

0 
(J

)  
m

ea
ns

 th
at

 th
e 

m
ar

k 
is

 s
co

re
d 

fo
r 1

0,
 re

ga
rd

le
ss

 o
f 

th
e 

un
it 

gi
ve

n.
 H

ow
ev

er
, i

f a
 w

or
d 

in
 b

ra
ck

et
s 

is
 re

pl
ac

ed
 w

ith
 a

no
th

er
 w

or
d 

th
at

 is
 c

le
ar

ly
 w

ro
ng

 th
en

 th
e 

m
ar

k 
sh

ou
ld

 n
ot

 b
e 

aw
ar

de
d.

 
 U

nd
er

lin
in

g 
U

nd
er

lin
in

g 
in

di
ca

te
s 

th
at

 th
is

 m
us

t b
e 

se
en

 in
 th

e 
an

sw
er

 o
ffe

re
d,

 o
r s

om
et

hi
ng

 v
er

y 
si

m
ila

r. 
 O

R
 / 

or
 

Th
is

 in
di

ca
te

s 
al

te
rn

at
iv

e 
an

sw
er

s,
 a

ny
 o

ne
 o

f w
hi

ch
 is

 s
at

is
fa

ct
or

y 
fo

r s
co

rin
g 

th
e 

m
ar

ks
. 

 ee
oo

. 
Th

is
 m

ea
ns

 "e
ac

h 
er

ro
r o

r o
m

is
si

on
". 

 ow
tte

. 
Th

is
 m

ea
ns

 “o
r w

or
ds

 to
 th

at
 e

ffe
ct

”. 
 Ig

no
re

 
Th

is
 in

di
ca

te
s 

th
at

 s
om

et
hi

ng
 w

hi
ch

 is
 n

ot
 c

or
re

ct
 o

r i
rre

le
va

nt
 i.

e.
 it

 is
 n

ot
 a

 c
on

tra
di

ct
io

n 
(C

O
N

) i
s 

to
 b

e 
di

sr
eg

ar
de

d 
an

d 
do

es
 

no
t i

nc
ur

 a
 p

en
al

ty
. 

 Sp
el

lin
g 

Be
 g

en
er

ou
s 

ab
ou

t s
pe

llin
g 

an
d 

us
e 

of
 E

ng
lis

h.
  I

f a
n 

an
sw

er
 c

an
 b

e 
un

de
rs

to
od

 to
 m

ea
n 

w
ha

t w
e 

w
an

t, 
gi

ve
 c

re
di

t. 
H

ow
ev

er
, 

do
 n

ot
 a

llo
w

 a
m

bi
gu

iti
es

, e
.g

. s
pe

llin
g 

w
hi

ch
 s

ug
ge

st
s 

co
nf

us
io

n 
be

tw
ee

n 
re

fle
ct

io
n 

/ r
ef

ra
ct

io
n 

/ d
iff

ra
ct

io
n 

or
 

th
er

m
is

to
r /
 tr

an
si

st
or
 / t

ra
ns

fo
rm

er
. 
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N
ot

/N
O

T 
Th

is
 in

di
ca

te
s 

th
at

 a
n 

in
co

rre
ct

 a
ns

w
er

 is
 n

ot
 to

 b
e 

di
sr

eg
ar

de
d,

 b
ut

 c
an

ce
ls

 a
no

th
er

 o
th

er
w

is
e 

co
rre

ct
 a

lte
rn

at
iv

e 
of

fe
re

d 
by

 
th

e 
ca

nd
id

at
e,

 i.
e.

 ri
gh

t p
lu

s 
w

ro
ng

 p
en

al
ty

 a
pp

lie
s.

 
 ec

f 
m

ea
ni

ng
 "e

rro
r c

ar
rie

d 
fo

rw
ar

d"
 is

 m
ai

nl
y 

ap
pl

ic
ab

le
 to

 n
um

er
ic

al
 q

ue
st

io
ns

, b
ut

 m
ay

 in
 p

ar
tic

ul
ar

 c
irc

um
st

an
ce

s 
be

 a
pp

lie
d 

in
 

no
n-

nu
m

er
ic

al
 q

ue
st

io
ns

. T
hi

s 
in

di
ca

te
s 

th
at

 if
 a

 c
an

di
da

te
 h

as
 m

ad
e 

an
 e

ar
lie

r m
is

ta
ke

 a
nd

 h
as

 c
ar

rie
d 

an
 in

co
rre

ct
 v

al
ue

 
fo

rw
ar

d 
to

 s
ub

se
qu

en
t s

ta
ge

s 
of

 w
or

ki
ng

, m
ar

ks
 in

di
ca

te
d 

by
 e

cf
 m

ay
 b

e 
aw

ar
de

d,
 p

ro
vi

de
d 

th
e 

su
bs

eq
ue

nt
 w

or
ki

ng
 is

 c
or

re
ct

, 
be

ar
in

g 
in

 m
in

d 
th

e 
ea

rli
er

 m
is

ta
ke

. T
hi

s 
pr

ev
en

ts
 a

 c
an

di
da

te
 fr

om
 b

ei
ng

 p
en

al
is

ed
 m

or
e 

th
an

 o
nc

e 
fo

r a
 p

ar
tic

ul
ar

 m
is

ta
ke

, 
bu

t o
nl

y 
ap

pl
ie

s 
to

 m
ar

ks
 a

nn
ot

at
ed

 e
cf

 in
 th

e 
m

ar
k 

sc
he

m
e.

 A
lw

ay
s 

an
no

ta
te

 e
cf

 if
 a

pp
lie

d.
 

 ca
o 

co
rre

ct
 a

ns
w

er
 o

nl
y 

 
 

Si
gn

ifi
ca

nt
 

An
sw

er
s 

ar
e 

no
rm

al
ly

 a
cc

ep
ta

bl
e 

to
 a

ny
 n

um
be

r o
f s

ig
ni

fic
an

t f
ig

ur
es

 ⩾ 2.  
Fi

gu
re

s 
An

y 
ex

ce
pt

io
ns

 to
 th

is
 g

en
er

al
 ru

le
 w

ill 
be

 s
pe

ci
fie

d 
in

 th
e 

m
ar

k 
sc

he
m

e.
 A

nn
ot

at
e 

w
ith

 S
F 

fro
m

 th
e 

to
ol

ba
r. 

 A
 s

ec
on

d 
(o

r 
fu

rth
er

) s
ig

. f
ig

. e
rro

r i
n 

a 
si

ng
le

 q
ue

st
io

n 
is

 n
ot

 p
en

al
is

ed
; a

nn
ot

at
e 

w
ith

 S
F 

SF
. I

t i
s 

no
rm

al
ly

 a
cc

ep
ta

bl
e 

to
 q

uo
te

 ju
st

 1
 s

.f.
 fo

r 
an

sw
er

s,
 w

hi
ch

 a
re

 e
xa

ct
 to

 1
 s

.f 
 U

ni
ts

 
D

ed
uc

t o
ne

 m
ar

k 
fo

r e
ac

h 
in

co
rre

ct
 o

r m
is

si
ng

 u
ni

t f
ro

m
 a

n 
an

sw
er

 th
at

 w
ou

ld
 o

th
er

w
is

e 
ga

in
 a

ll 
th

e 
m

ar
ks

 a
va

ila
bl

e 
fo

r t
ha

t 
an

sw
er

: m
ax

im
um

 1
 p

er
 q

ue
st

io
n.

  N
o 

de
du

ct
io

n 
is

 in
cu

rre
d 

if 
th

e 
un

it 
is

 m
is

si
ng

 fr
om

 th
e 

fin
al

 a
ns

w
er

 b
ut

 is
 s

ho
w

n 
co

rre
ct

ly
 

in
 th

e 
w

or
ki

ng
. A

nn
ot

at
e 

w
ith

 U
.  

 
Fo

r m
or

e 
th

an
 o

ne
 u

ni
t e

rro
r i

n 
a 

qu
es

tio
n,

 a
nn

ot
at

e 
U

U
 to

 in
di

ca
te

 a
n 

er
ro

r w
hi

ch
 h

as
 n

ot
 b

ee
n 

pe
na

lis
ed

. 
 

U
nl

es
s 

lis
te

d 
he

re
 o

r s
ta

te
d 

in
 th

e 
m

ar
k 

sc
he

m
e 

fo
r t

he
 q

ue
st

io
n,

 d
o 

no
t a

cc
ep

t d
er

iv
ed

 u
ni

ts
 e

.g
. k

g 
m

 s
-2

 fo
r N

 is
 N

O
T 

ac
ce

pt
ab

le
. T

he
 fo

llo
w

in
g 

ar
e 

ac
ce

pt
ab

le
 a

lte
rn

at
iv

es
:  

N
m

 fo
r J

, J
s-1

 o
r N

m
s-1

 fo
r W

, N
m

-2
 fo

r P
a,

 N
s 

an
d 

kg
 m

 s
-1

 a
re

 b
ot

h 
ac

ce
pt

ab
le

 fo
r b

ot
h 

m
om

en
tu

m
 a

nd
 im

pu
ls

e.
 

 
Be

w
ar

e 
: J

 N
O

T 
ac

ce
pt

ab
le

 fo
r m

om
en

ts
.  

 
C

on
do

ne
 w

ro
ng

 u
se

 o
f u

pp
er

 a
nd

 lo
w

er
 c

as
e 

sy
m

bo
ls

, e
.g

. p
A 

fo
r P

a.
 

 
 Ar

ith
m

et
ic

 e
rro

rs
 

If 
th

e 
on

ly
 e

rro
r i

n 
ar

riv
in

g 
at

 a
 fi

na
l a

ns
w

er
 is

 c
le

ar
ly

 a
n 

ar
ith

m
et

ic
 o

ne
, t

he
n 

th
e 

m
ar

k 
aw

ar
de

d 
w

ill 
be

 o
ne

 m
ar

k 
lo

w
er

 th
an

 th
e 

m
ax

im
um

 m
ar

k.
  

 
R

eg
ar

d 
a 

po
w

er
-o

f-t
en

 e
rro

r a
s 

an
 a

rit
hm

et
ic

 e
rro

r u
nl

es
s 

ot
he

rw
is

e 
sp

ec
ifi

ed
 in

 th
e 

m
ar

k 
sc

he
m

e.
  A

nn
ot

at
e 

w
ith

 P
O

T.
 D

o 
no

t 
pe

na
lis

e 
th

e 
sa

m
e 

PO
T 

er
ro

r m
or

e 
th

an
 o

nc
e.

 A
nn

ot
at

e 
PO

T 
PO

T.
 H

ow
ev

er
 if

 th
e 

po
w

er
-o

f-t
en

 e
rro

r i
s 

du
e 

to
 th

e 
w

ro
ng

 
om

is
si

on
 o

r i
nc

lu
si

on
 o

f g
 (=

 1
0 

N
 / 

kg
) t

hi
s 

ru
le

 d
oe

s 
no

t a
pp

ly
. 

 
Th

e 
us

e 
of

 a
 w

ro
ng

 S
I p

re
fix

 in
 th

e 
fin

al
 a

ns
w

er
 is

 c
ou

nt
ed

 a
s 

a 
po

w
er

-o
f-t

en
 e

rro
r r

at
he

r t
ha

n 
a 

un
it 

er
ro

r. 
 Tr

an
sc

rip
tio

n 
er

ro
rs

 If
 th

e 
on

ly
 e

rro
r i

n 
ar

riv
in

g 
at

 a
 fi

na
l a

ns
w

er
 is

 b
ec

au
se

 p
re

vi
ou

sl
y 

ca
lc

ul
at

ed
 d

at
a 

ha
s 

cl
ea

rly
 b

ee
n 

m
is

re
ad

, b
ut

 u
se

d 
co

rre
ct

ly
, 

th
en

 fo
r t

ha
t p

ar
t q

ue
st

io
n 

th
e 

m
ar

k 
w

ill 
be

 o
ne

 le
ss

 th
an

 th
e 

m
ax

im
um

 m
ar

k.
 

 Fr
ac

tio
ns

 
Al

lo
w

 th
es

e 
on

ly
 w

he
re

 s
pe

ci
fie

d 
in

 th
e 

m
ar

k 
sc

he
m

e;
 th

ey
 a

re
 a

 fo
rm

 o
f s

ig
. f

ig
. e

rro
r; 

an
no

ta
te

 w
ith

 S
F.

  C
on

se
qu

en
tly

, w
he

n 
a 

si
g.

 fi
g.

 e
rro

r a
nd

 a
 fr

ac
tio

n 
is

 u
se

d 
in

 th
e 

sa
m

e 
qu

es
tio

n,
 th

e 
se

co
nd

 a
ns

w
er

 m
ay

 s
til

l b
e 

aw
ar

de
d 

fu
ll 

m
ar

ks
.  
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C
ro

ss
ed

 o
ut

 
W

or
k 

w
hi

ch
 h

as
 b

ee
n 

cr
os

se
d 

ou
t a

nd
 n

ot
 re

pl
ac

ed
 b

ut
 c

an
 e

as
ily

 b
e 

re
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6 Calculation specific guidance 
 

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show 
your working’.  

 
For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded 
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.  

 
For answers given in standard form (e.g. a  10n) in which the convention of restricting the value of the coefficient (a) to a value between 1 
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.  

 
Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded. 
Exceptions to this general principle will be noted in the mark scheme. 

7 Guidance for chemical equations 
 

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.  
 

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme. 
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Acronyms and shorthand in the mark scheme 
 

acronym / shorthand explanation 

A marks Final answer marks which are awarded for fully correct final answers. 

C marks Compensatory marks which may be scored to give partial credit when final answer (A) marks for a question have not 
been awarded.  

B marks Independent marks which do not depend on other marks.  

M marks Method marks which must be scored before any subsequent final answer (A) marks can be scored. 

Brackets ( ) Words not explicitly needed in an answer, however if a contradictory word/phrase/unit to that in the brackets is seen the 
mark is not awarded. 

Underlining The underlined word (or a synonym) must be present for the mark to be scored. If the word is a technical scientific term, 
the word must be there. 

/ or OR Alternative answers any one of which gains the credit for that mark. 

owtte Or words to that effect. 

ignore Identifies incorrect or irrelevant points which may be disregarded, i.e., not treated as contradictory. Ignore is also used to 
indicate an insufficient answer not worthy of credit on its own. 

CON An incorrect point which contradicts any correct point and means the mark cannot be scored. 

ecf [question part]  Indicates that a candidate using an erroneous value from the stated question part must be given credit here if the 
erroneous value is used correctly here. 

cao correct answer only 
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Question Answer Marks 

1(a) 2.3 J A2 

g.p.e. = mgh in any form or 0.50  10  0.45 C1 

1(b)(i) 1.2 N s A3 

impulse = change in momentum or 2.0  0.60 C1 

I = mv in any form or 2.0  0.60 C1 

1(b)(ii)  B3 

kinetic energy (of block A) decreases  B1 

thermal / internal energy produced / increases (due to friction) B1 

friction mentioned or block slows down / decelerates B1 
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Question Answer Marks 

2(a)(i)  B2 

magnitude or size B1 

direction B1 

2(a)(ii)  B2 

any two from: acceleration / deceleration, gravitational field strength, impulse, momentum, velocity, weight B2 

2(b)(i) 0.12 m B1 

2(b)(ii)  B2 

beyond where the extension is not directly proportional to the load or (point) where extension stops being directly 
proportional to the load or point up to which extension is directly proportional to the load 

B1 

10.4 N ⩽ weight ⩽ 10.9 N B1 

2(b)(iii) 22 N / m ⩽ k ⩽ 25 N / m A3 

clear subtraction of 0.12 from a length that is in Hooke’s law region 
e.g. 0.54 – 0.12 

C1 

k = F / x in any form or k = W / x in any form or k = 1 / gradient C1 
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Question Answer Marks 

3(a) 620 N B1 

3(b)  B2 

no resultant force (on object in equilibrium) B1 

no resultant moment (on object in equilibrium) B1 

3(c)(i) 560 N m  A2 

( =) Fx┴r or 620  0.90 C1 

3(c)(ii) 540 N A3 

use of any moment C1 

T  1.2 sin 60° (= 560) or (T =) 560 / (1.2  sin 60°) C1 
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Question Answer Marks 

4(a)(i) 240 N A2 

F = pA in any form or 1.0  105  2.4  10–3 C1 

4(a)(ii) 5.0 J A2 

WD = Fx‖ or 240  0.021 C1 

4(b) (–)3.5  103 J A2 

E = CDT in any form or 89  (21 – (–18) or 89  (3) or 89  39  C1 

4(c)  B3 

(as the volume decreases) the particles collide more often  B1 

(as the temperature decreases) the particles collide less violently B1 

two effects cancel (to leave the pressure unchanged) or particles collide with walls / piston / cylinder B1 

4(d)  B2 

(attractive) forces between (any two) particles large(r than in gases) B1 

particles close(r) together (than gas particles) or particles already touching  B1 
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Question Answer Marks 

5(a) infrared B1 

5(b)(i) (both) transverse / electromagnetic / travel in a vacuum / have the same (high) speed (in a vacuum) B1 

5(b)(ii) (it / visible light) compared with an e.m. radiation stated by candidate in 5(a) in terms of frequency / wavelength  B1 

5(c)(i)  B3 

equipment 
 
e.g. 
black container, white container, thermometers 
or 
Leslie’s cube and detector 

B1 

measurements made 
 
warm / hot water in container and temperature decreases recorded or time to reach a given temperature / to cool 
or 
warm / hot water in cube and meter readings recorded 

B1 

how a conclusion is reached 
 
better emitter surface cools quicker 
or 
greater reading from better emitter surface 

B1 

PMT

thealevelphysicstutor.comCIE IGCSE · Paper 4 Theory Extended 0625 4 · November 2022 · Mark Scheme · Question Paper



0972/41 Cambridge IGCSE – Mark Scheme 
PUBLISHED 

October/November 2022  
 

© UCLES 2022 Page 11 of 16  
 

Question Answer Marks 

5(c)(ii) any two appropriate quantities 
 
e.g. 
initial temperature of water 
mass / volume of water 
dimensions / surface area of container 
time of cooling 
mass of container 
shape of container 
smoothness of surface 
 
or 
 
surface area of face (of cube) 
distance of detector 
temperature of water at time  
of measurement 
smoothness of surface 

B2 
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Question Answer Marks 

6(a) (light of a) single frequency B1 

6(b)(i)  B2 

angle of incidence is 0° 
(hence) angle of refraction is 0° 

B1 

or 
all the wavefront hits the plastic at the same time 
all slows down at the same time 

B1 

6(b)(ii) 1.8  108 m / s A4 

n = 1 / sin c in any form or n = 1 / sin 37° C1 

(n =) 1.7 C1 

vpl = v0 / n in any form or 3.0  108 / 1.7 or 3.0  108  sin 37° C1 

6(b)(iii)  B3 

critical angle (for blue light) < 37° or critical angle for red (light) is 37° B1 

angle of incidence (of blue light) greater than its critical angle (in plastic) B1 

total internal reflection or all the (blue) light reflects or no (blue) light  
leaves the glass / refracts / travels in air along the straight edge  

B1 
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Question Answer Marks 

7(a)  B3 

X and Y / they become magnetised or they / strips have poles B1 

strips in the centre have opposite (magnetic) poles or X and Y attract  B1 

X and Y touch / close switch / activate relay / complete circuit B1 

7(b)(i) 150 A A2 

I = P / V in any form or 1.8 / 12 or 1800 / 12 or 1800 / 12 or 0.15 C1 

7(b)(ii)  B2 

small(er) resistance mentioned  B1 

less thermal energy produced or wires do not melt or large current mentioned B1 
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Question Answer Marks 

7(c)  B2 

flexible strips in series with motor B1 

power supply in series with motor B1 

expected answer: 

 

 
W 

X 

Y 

Z plastic case 

flexible iron  
strips 

12 V car 
battery 

S 

magnetising coil 

M 
starter motor 
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Question Answer Marks 

8(a) both relate to energy per unit charge  B1 

8(b) e.m.f. applies to the whole circuit / source or p.d. to one (or more) component or energy conversion to electrical for e.m.f. or 
from electrical for p.d. 

B1 

8(c)(i) 4.8 V B1 

8(c)(ii) 20  A3 

1 / RT = 1 / R1 + 1 / R2 or (RT =) R1 R2 / (R1 + R2) or 1 / RT = 1 / 24 + 1 / 12 
or 1 / RT = 3 / 24 or (RT =) 24 × 12 / (24 + 12) 

C1 

8.0 () C1 

8(c)(iii) 2.9 V A2 

V = ER / RT in any form or 4.8  12 / 20 or I = E / R in any form or 0.24 seen C1 
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Question Answer Marks 

9(a) they all have the same number of neutrons / nucleons or they are all identical B1 

9(b)(i)  B2 

(number of protons =) 80 B1 

(number of neutrons =) 118 B1 

9(b)(ii) 19 counts / minute ⩽ count rate ⩽ 21counts / minute B1 

9(b)(iii) 2.4 days ⩽  ⩽ 2.9 days A4 

count rate from line – background count e.g. 390 – 20 C1 

answer from first C1 mark divided by 2 e.g. 370 / 2 or 185 C1 

background count + answer from second C1 mark e.g. 20 + 370 / 2 or 20 + 185 or 205 C1  
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6 Calculation specific guidance 
 

Correct answers to calculations should be given full credit even if there is no working or incorrect working, unless the question states ‘show 
your working’.  

 
For questions in which the number of significant figures required is not stated, credit should be awarded for correct answers when rounded 
by the examiner to the number of significant figures given in the mark scheme. This may not apply to measured values.  

 
For answers given in standard form (e.g. a  10n) in which the convention of restricting the value of the coefficient (a) to a value between 1 
and 10 is not followed, credit may still be awarded if the answer can be converted to the answer given in the mark scheme.  

 
Unless a separate mark is given for a unit, a missing or incorrect unit will normally mean that the final calculation mark is not awarded. 
Exceptions to this general principle will be noted in the mark scheme. 

7 Guidance for chemical equations 
 

Multiples / fractions of coefficients used in chemical equations are acceptable unless stated otherwise in the mark scheme.  
 

State symbols given in an equation should be ignored unless asked for in the question or stated otherwise in the mark scheme. 
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Acronyms and shorthand in the mark scheme. 
 

acronym/shorthand explanation 

A mark Final answer mark which is awarded for fully correct final answers including the unit. 

C mark Compensatory mark which may be scored when the final answer (A) mark for a question has not been awarded. 

B mark Independent mark which does not depend on any other mark. 

M mark Method mark which must be scored before any subsequent final answer (A) mark can be scored. 

Brackets ( ) Words not explicitly needed in an answer, however if a contradictory word/phrase/unit to that in the brackets is seen 
the mark is not awarded. 

Underlining The underlined word (or a synonym) must be present for the mark to be scored. If the word is a technical scientific 
term, the word must be there. 

/ or OR Alternative answers any one of which gains the credit for that mark. 

owtte Or words to that effect. 

ignore Indicates either an incorrect or irrelevant point which may be disregarded, i.e., not treated as contradictory.  

insufficient an answer not worthy of credit on its own. 

CON An incorrect point which contradicts any correct point and means the mark cannot be scored. 

ecf [question part]  Indicates that a candidate using an erroneous value from the stated question part must be given credit here if the 
erroneous value is used correctly here. 

cao correct answer only 
 
Miscellaneous 
 
Equations and formulae. Where a C, B or M mark is available for quoting a formula or equation this can be done in any form and in words, 
symbols or numbers unless the mark scheme specifies otherwise. 
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Use of ecf. The mark scheme notes where ecf is applicable, in the guidance section of the final answer mark. However, it should be applied for all 
relevant C marks as well. Always annotate ecf if applied.  See Science specific Marking point 4 above.  
Units.  
• A numerically correct final answer without a unit is awarded the final answer (A) mark if the unit is shown correctly in the candidate’s working.  
• A numerically correct answer with a missing or incorrect unit is not awarded the final answer (A) mark. C (B or M) marks are awarded from the 

candidate’s working. 
• Accept units with incorrect use of upper-case and lower-case symbols, e.g. pA for Pa. 
• Unless the mark scheme for a specific question part states otherwise, the only permitted derived units are: 
 

unit permitted derived units 

W J / s or Nm / s 

Pa N / m2 

momentum Ns or kgm / s  

impulse Ns or kgm / s 

J Nm 
 
• Note: J is not permitted as the unit for moments. 
 
Significant Figures.  
• Unless otherwise indicated in the mark scheme final answers expressed to two or more significant figures receive the final answer (A) mark if 

the candidate’s answer rounds to the mark scheme answer. 
• A final answer expressed to one significant figure is only awarded the final answer (A) mark where the final answer is exact to one sig. fig. 

(This applies to all answers, including answers using ecf.) 
• A correct numerical answer, quoted with fewer significant figures than required by the mark scheme (even if in the working it has the required 

number of significant figures), is not awarded the final answer (A) marks. C (B or M) marks are awarded as appropriate. 
 
Fractions. An answer expressed as a fraction is not a numerically correct final answer unless the fraction is explicitly stated in the mark scheme.  
 
Crossed out work. When only part of an answer is crossed out the crossed-out work must be ignored. However, work which has been wholly 
crossed out and not replaced and can easily be read, should be marked as if it had not been crossed out. Look to see if it has been replaced on a 
blank page or another part of the same page before attempting to mark the crossed-out work. 
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Marking diagrams on-screen. Differences in magnification and/or individual computer screen settings can alter the appearance of diagrams. If it is 
necessary to check line lengths or angles use the ruler and protractor tools provided within RM Assessor 3 to ensure consistency across all 
examiners. 
 
NR. (# or / key on the keyboard). Use this (instead of giving 0 marks) if the answer space for a question is completely blank or contains no readable 
words, figures or symbols.  
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Question Answer Marks 

1(a) 20 J A2 

 (.Ep =) mg()h OR ( )0.2 0   9.8 1 0   C1 

1(b)(i) 14 J A2 

 (Ek =) ½mv2 OR ½  0.2(0)  122 C1 

1(b)(ii) p = mv OR (p =) mv−mu  B1 

 (p =) ( )  0.2 0  14 12 +  OR ( )0.2 0  {14 12 − − } 
OR  
p before = 0.2(0)  14 AND p after = 0.2(0)  (–)12 

B1 

 (p =)  2.8 2.4− −  (= 5.2 kg m / s) OR (p =) ( )  0.2 0 14 12 − −  B1 

1(b)(iii) 21 N A2 

 (F =) p / ( )t OR F = (∆)mv / (∆)t OR 5.2 / 0.25 C1 

PMT

thealevelphysicstutor.comCIE IGCSE · Paper 4 Theory Extended 0625 4 · November 2023 · Mark Scheme · Question Paper



0972/41 Cambridge IGCSE (9–1) – Mark Scheme 
PUBLISHED 

October/November 2023  
 

© UCLES 2023 Page 9 of 17  
 

Question Answer Marks 

2(a) any three from: 
 
• free / delocalised / mobile electrons 
 
• (electrons) gain (thermal) energy from hotplate / particles 
 
• (electrons) move through(out) copper / metal OR (electrons) move to distant particles  
 
• electrons transfer energy from higher temperature (region) to lower temperature (region) OR (electrons) collide with 

(distant) particles / transfer energy to (distant) particles 

B3 

2(b) (shiny surfaces are) poor emitters of radiation B1 

 reduces energy loss (from the pan / copper) OR less energy transferred to surroundings B1 

2(c) convection B1 
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Question Answer Marks 

3(a) particles (of liquid) are touching / close to each other B1 

 forces (of repulsion) between particles (of liquid) are large B1 

3(b)(i) (p =)  g()h  B1 

 1000  9.8  0.087 OR (p =) 852.6 (Pa) B1 

3(b)(ii) 12 N A2 

 p = F / A OR (F =) pA OR 850  0.014 C1 

3(b)(iii) 1.2 kg A2 

 g = W / m OR (m =) F / g OR 12 / 9.8 C1 
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Question Answer Marks 

4(a)(i) (point / place / position) where (all) the weight (seems to) acts B1 

4(a)(ii) a small tilt / rotation makes G no longer vertically above the base OR small tilt / rotation produces moment (that topples 
transmitter) 

B1 

4(b)(i) arrow(head) marked along wire W towards ground B1 

4(b)(ii) moment = F  d AND correct indication of F and d on Fig. 4.1. A3 

 (moment is ) force  (perpendicular) distance (from base / pivot) C1 

 (moment is ) force  perpendicular distance (from base / pivot) C1 

4(c) a use of radio waves, e.g. RFID / astronomy / Bluetooth / RADAR / wifi B1 
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Question Answer Marks 

5(a) Any three from: 
 
• description of how the (energy from) water is released 
• mention of transfers between energy stores 
• (moving) water turns turbine 
• turbine turns / drives generator 
• name of method to match description 

B3 

5(b) advantage of generating electricity from energy stored in water B1 

 disadvantage of generating electricity from energy stored in water B1 

5(c) any two from:  
• geothermal (energy / power) 
• tidal (energy / power) 
• nuclear (energy / power) 

B2 
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Question Answer Marks 

6(a)(i) any two from: 
 
• ray from top / bottom of object, parallel to principal axis, refracted through right-hand principal focus 
 
• straight ray from same point on object through optical centre 
 
• ray that (seems to) come from left-hand principal focus through same point of object and refracted parallel to principal 

axis 

M2 

 rays traced back to intersection AND intersection / image labelled I A1 

6(a)(ii) (distance = ) 35.5 cm to 38.5 cm A2 

 7.1 to 7.7 (cm) OR (distance =) 35.0 (cm) to 40.0 (cm) C1 

6(b) virtual AND any one from: 
• cannot be projected on a screen  
• (real) light (ray) does not pass through image 
• light only seems to come from image 

B1 

6(c) any one from: 
• long-sightedness focuses image behind retina / back of eye OR longsightedness produces blurry / fuzzy images (of 

close objects) 
• converging lens reduces focal length (of eye) 
• (converging lens) puts image further away (from the eye)  

B1 

 (converging lens gives) sharp/focussed image on retina / back of eye OR (with lens) rays converge on retina / back of eye B1 
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Question Answer Marks 

7(a) electrons move from cloth to rod A2 

 (plastic) rod gains electrons C1 

7(b)(i) (region) where an (electric) charge experiences a force B1 

7(b)(ii) At least three radial field lines distributed evenly around outside of S AND touching S AND not inside S B1 

 arrow on (at least one) field line pointing towards S  B1 

7(c) arrow through Z and away from (centre of) sphere B1 
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Question Answer Marks 

8(a)(i) 900 C A2 

 I = Q / t OR (Q =) It OR 1.5  600 C1 

8(a)(ii) 2.0  A3 

 R = V / I OR (Rtot =) V / I OR 9.(0) / 1.5 or 6.(0) C1 

 (Rcyl =) total resistance – P OR (Rcyl =) 6.0 – 4.0 C1 

8(b) 1200 s A4 

 R is directly proportional to l OR (new cylinder) twice as long means twice R C1 

 R is inversely proportional to A OR (new cylinder) half cross-sectional area means twice R C1 

 (resistance of cylinder =) 4  (a)(ii) ()  C1 
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Question Answer Marks 

9(a)(i) (americium-241 has) one neutron fewer (in the nucleus) B1 

9(a)(ii) (different) number of protons (in nucleus) B1 

 (different) number of neutrons (in nucleus) B1 

9(b)(i)  241 237 4
95 93 2Am  Np a → +  A3 

 any two from: 
 

95Am 
237Np  
4
2a  

C2 

9(b)(ii) (-particles have) more kinetic energy (than -particles) B1 

 (-particles have) more charge (than -particles) B1 

9(b)(iii) Low(er) (initial) activity OR Few emissions per unit time M1 

 so smoke detectors are not hazardous to humans OR so disposal of old detectors is cheap / easy A1 
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Question Answer Marks 

10(a) hydrogen nuclei fuse to become helium nuclei A3 

 nuclear reactions OR (nuclear) fusion  C1 

 hydrogen fuses into helium  C1 

10(b)(i) (observed) wavelength is longer / wavelength is shifted towards the red end of the spectrum A2 

 (light from galaxy) redshifted / shifted towards red (end of spectrum) C1 

10(b)(ii) change in wavelength (or starlight due to redshift) B1 

10(c)(i) 5.9  1024 m A2 

 H0 = v/d OR (d =) v / H0 OR 1.3  107 / 2.2  10–18 OR 5.9  10N (m) C1 

10(c)(ii) 1.4  1010 (years) A2 

 (age =) 1 / H0 or 1 / 2.2  10–18 or 4.5  1017 C1 
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