
Oxford Cambridge and RSA

H

Please write clearly in black ink. Do not write in the barcodes.

First name(s)

Last name

Centre number Candidate number

O C R  is an exe mp t C h arity
Turn over

INSTRUCTIONS
•  U se b lack ink.  Y ou  can u se an H B  p encil,  b u t only for g rap h s and diag rams.
•  W rite yo u r answ er to each  q u estion in th e sp ace p rovi ded.  I f yo u  need ext ra sp ace u se 

th e lined p ag es at th e end of th is b ookl et.  Th e q u estion nu mb ers mu st b e clearly sh ow n.
•  A nsw er all th e q u estions.
•  W h ere ap p rop riate,  yo u r answ ers sh ou ld b e su p p orted w ith  w orki ng .  M arks mig h t b e 

g ive n for u sing  a correct meth od,  eve n if yo u r answ er is w rong .

INFORMATION
•  Th e total mark for th is p ap er is 90.
•  Th e marks for each  q u estion are sh ow n in b racke ts [ ].
•  Th is docu ment h as 28 p ag es.

ADVICE
•  R ead each  q u estion carefu lly b efore yo u  start yo u r answ er.

You must have:
•  a ru ler (cm/ mm)
•  th e E q u ation S h eet for G C S E  (9 – 1 ) Ph ysi cs B  

(inside th is docu ment)

You can use:
•  a scientific or g rap h ical calcu lator
•  an H B  p encil

Thursday 22 May 2025 – Morning
GCSE (9–1) Physics B (Twenty First Century Science)
J259/03 B readth  in p h ysi cs (H ig h er Tier)
 Time allowed: 1 hour 45 minutes

* J 2 5 9 0 3 *

©  O C R  2 0 2 5  [ 6 0 1 / 8 6 8 5 / 9 ]
D C  (PQ / C B ) 3 5 5 8 4 4 / 5

*
1

8
9

4
9

6
7

4
0

5
*

PMT



2

©  O C R  2 0 2 5  

1 A  b oat make s a j ou rney along  a canal.

 Fig. 1.1 sh ow s p art of th e canal drawn to scale.

Th e b oat trave ls from A to C vi a B.

 Fig. 1.1

A B C

(a) Th e distance trave lled from A to C is 5 0 0 0  m.

(i) F ind th e distance from A to B.

U se:
•  Fig. 1.1
•  a ru ler.

D istance from A to B =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m [2]

(ii) W h en th e b oat leave s A,  th e time is 0 9 : 2 3 .
W h en th e b oat reach es B,  th e time is 0 9 : 5 3 .

C alcu late th e ave rag e sp eed of th e b oat for its j ou rney from A to B.

U se th e E q u ation S h eet.

G ive  yo u r answ er in m / s.

A ve rag e sp eed =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m /  s [3]
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(b) Th e b oat sets off from A at constant acceleration and th en reach es a constant sp eed.

W h ich  row  in th e tab le sh ow s th e correct distance- time g rap h  and sp eed- time g rap h  for th e 
motion of th e b oat from A?

Tick (✓) one b ox.

Distance-time Speed-time

d

t t

S p eed

d

t

S p eed

t

d

t

S p eed

t

d

t t

S p eed

 [1]
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(c) Fig. 1.2 sh ow s th e sp eed– time g rap h  for th e b oat for a sh ort p eriod.

 Fig. 1.2

0
0

0 . 2

0 . 4

0 . 6

0 . 8

1

1 . 2

1 . 4

1 2 3 4 5 6 7 8
Time (s)

S p eed 
(m / s)

C alcu late th e acceleration of th e b oat.

U se Fig. 1.2.

A cceleration =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m /  s2 [3]
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(d) Th e b oat h as a force acting  on it from th e w ind.

W h ich  of th ese is a typ ical va lu e for th e sp eed of w ind?

Tick (✓) one b ox.

0 . 1 2  m /  s  

1 2  m /  s 

1 2 0 0  m /  s 

1 2 0  0 0 0  m /  s 
 [1]
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2 I n th e 1 9 3 0 s,  scientists exp erimented w ith  elements and sp lit th eir nu clei.

(a) C omp lete th e sentences ab ou t sp litting  th e nu cleu s.

U se w ords from th e list.

fission fusion negative

power stable unstable

Th e nu clei of certain elements can b e sp lit into tw o smaller nu clei b ecau se th ey 

are . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .

Th e p rocess is called nu clear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .

 [2]
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(b) Th e discove ry th at nu clei cou ld b e sp lit deve lop ed ov er seve ral ye ars in th e 1 9 3 0 s.  

Th e tab le sh ow s a timeline of some of th e scientists invo lve d and w h at th ey did.

Year Scientist What they did

1 9 3 4 E nrico F ermi F ired neu trons at u raniu m nu clei w h ich  w ere cap tu red b y th e 
u raniu m nu clei and made different elements.
F ermi th ou g h t h e created elements heavier th an u raniu m.

1 9 3 4 I da N oddack Pu b lish ed a p ap er su g g esting  th at F ermi’ s elements mig h t b e 
lighter th an u raniu m.
H er p ap er w as ig nored as sh e h ad no exp erimental data or 
th eory .

1 9 3 9 O tto H ah n R ep eated F ermi’ s exp eriment and identified one of th e elements 
th at w as made as th e lig h ter element barium.

1 9 3 9 L ise M eitner C alcu lated th e energ y ch ang es for H ah n’ s data and confirmed 
th at energ y is conserved w h en sp litting  a u raniu m nu cleu s into 
a b ariu m nu cleu s and anoth er nu cleu s.

(i) S u g g est w h y E nrico F ermi’ s h yp oth esis w as b elieve d in 1 9 3 4 .

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

© shethoughtit.ilcml.com, She Thought It. Item removed due to third party copyright restrictions. Link to material - shethoughtit.ilcml.com/biography/ida-tacke-noddack/ 
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(ii) E xp lain w h y ,  b y 1 9 4 0 ,  more scientists h ad confidence in th e th eory th at nu clei can b e sp lit.

U se information from th e tab le to su p p ort yo u r answ er.

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

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

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [2]

(c) W h en u raniu m nu clei sp lit,  neu trons are released and a ch ain reaction h ap p ens.

W h ich  statement correctly exp lains h ow  a ch ain reaction h ap p ens?

Tick (✓) one b ox.

Th e neu trons released are ab sorb ed b y oth er u raniu m nu clei.  

Th e neu trons released contaminate th e su rrou nding s.  

Th e neu trons released link to form a ch ain.   

 [1]

(d) W h ich  two statements describ e h ow  th e energ y is released w h en u raniu m nu clei sp lit?

Tick (✓) two b oxe s.

A s ki netic energ y of th e new  p articles.  

A s ki netic energ y of th e u raniu m nu clei.  

A s p otential energ y of th e new  p articles.  

B y emission of infrared radiation.  

B y emission of ionising  radiation.  
 [2]
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3 A  force is ap p lied to a sp ring .

Th ere is a linear relationsh ip  b etw een th e force and th e ext ension of th e sp ring .

(a) C omp lete th e sentence to describ e a linear force- ext ension relationsh ip .

I n a linear syst em,  for each  1  N  of force added,   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [2]

(b) A  sp ring  h as a sp ring  constant of 1 5  N  /  m.  

C alcu late th e energ y stored w h en its ext ension is 0 . 0 1  m.

U se th e E q u ation S h eet.

G ive  yo u r answ er in standard form.

E nerg y stored =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J [4]

PMT
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4 L ight and so u nd b oth trave l as w ave s.

T he diagram sh ow s a ray of w hite light directed at a p lane mirror.

Incident ray
of light

Plane mirror

(a) D raw  on the diagram:

•  the reflected ray of light

•  the normal,  lab elled N

•  the angle of incidence,  lab elled i

•  the angle of reflection,  lab elled r.
 [3]

(b) W hich two of these  w ords can b e u se d to descr ib e light w ave s?

T ick ( ✓)  two b oxe s.

C omp res si on 

E lectromagnetic 

L ongitu dinal 

R adioactive   

S eism ic 

T ransve rse  
 [2]

PMT
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(c) T he diagram sh ow s a ray of w hite light p assi ng throu gh a glass p rism .  

T he w hite light is sp lit into the sp ectru m of different colou rs.  

W hite light

G lass p rism

S creen
V iolet
Indigo

B lu e
G reen

Y ellow
O range
R ed

E xp lain w hy the p rism  sp lits the w hite light into the sp ectru m of different colou rs.

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

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

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [2]

(d) A n orange light w ave  has a freq u ency of 5 . 0  × 1 0 1 4  H z.

Its w ave length in the glass p rism  is 4 0 0  × 1 0 – 9  m.

C alcu late the sp eed of the w ave  in the glass p ris m.

U se  the E q u ation S heet.

S p eed of the w ave  =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m /  s [3]

PMT
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(e) D  raw  lines to connect each medium a so u nd w ave  is trave lling in w ith its correct speed.

Medium Speed of sound wave

A ir

V acu u m

W ater

S teel

0  m /  s

1 5 0 0  m /  s

5 0 0 0  m /  s

3 3 0  m /  s

 [3]

PMT
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5 M arie C u rie discovered radioactive el ements b y ext racting  th em from th eir ores.
H er noteb ook b ecame contaminated w ith  radiu m and is stil l  radioactive today.

Th e g raph  sh ow s th e activity of a sampl e of radiu m from approxi matel y 4000 years ag o u ntil  now .

0
–4000 –3500 –3000 –2500 –2000

Time from year 2000 (years)

Activity (cps)

Present day

–1500 –1000 –500 0

500

1000

1500

2000

2500

3000

3500

4000

(a) F ind th e h al f- l ife of radiu m.

U se th e g raph .

H al f- l ife =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  years [3]
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(b) Th e radiu m th at remains on M arie C u rie’ s noteb ook h as an activity today of arou nd 6 00 cps.

(i) Th e activity of th e radiu m th at remains on th e noteb ook w il l  decrease in th e fu tu re.  

C al cu l ate th e activity of th e radiu m th at remains on th e noteb ook after 3 fu rth er h al f- l ives.

Activity =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  cps [2]

(ii) C al cu l ate th e fraction of th e nu mb er of nu cl ei th at w il l  decay in 3 h al f- l ives.

F raction =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

(c) H andl ing  th e noteb ook is h aza rdou s to h eal th .

C ompare h ow  h aza rdou s h andl ing  th e noteb ook  w as 100 years ag o to h ow  h aza rdou s it is today.

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

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

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [2]
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6  A  p ermanent mag net and a coil of w ire are u sed in a sp eake r as sh ow n in Fig. 6.1.

 Fig. 6.1

C oil of w ire

C one

Permanent mag net

S

X

X

S

N

 Fig. 6.2 sh ow s a cross- section vi ew  of th e p ermanent mag net along  X – X .

 Fig. 6.2

S

S S

S S

S

S SN

(a) D raw  four lines to sh ow  th e mag netic field of th e p ermanent mag net on Fig. 6.2.

I nclu de arrow s to sh ow  th e direction of th e mag netic field of th e p ermanent mag net.
 [2]

PMT
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(b) Fig. 6.3 sh ow s one coil of w ire arou nd the centre of the p ermanent magnet.

 Fig. 6.3

S
S S

S S
S

C u rrent flow ing
in a coil of w ire

S SN

W hen an alternating cu rrent flow s in the coil of w ire,  the w ire exp eriences  a force.  

(i) E xp lain w hy there is a force on the coil of w ire.

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

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

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

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(ii) E xp lain how  the force on the coil of w ire p rodu ces so u nd from the sp eake r w ith the sa me 
freq u ency as the alternating cu rrent.
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PMT



18

©  O C R  2 0 2 5  

(iii) C alcu late the force on the one coil of w ire.

•  T he magnetic flu x densi ty is 1 . 2  T .
•  T he cu rrent is 0 . 3  A .
•  T he circu mference of the coil of w ire is 5  cm.

U se  the E q u ation S heet.

F orce =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N  [4]

(iv) S u ggest  three w ays to increase  the si ze  of force on the coil of w ire in the sp eake r.

1   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

2   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

3   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 [3]
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7 A n exe rcise  b ike  is connected to a magnet w hich tu rns w hen the w heels go rou nd.

W hen the exe rcise  b ike  is ridden,  the magnet tu rns insi de a coil of w ire.  
T his indu ces a p otential difference in a circu it.

(a) W hat mu st  the coil of w ire b e connected to so  that a direct cu rrent is p rodu ced in the circu it?

T ick ( ✓)  one b ox.

A n ammeter 

A  sl ip  ring 

A  sp lit ring commu tator 

A  sw itch 
 [1]

(b) T he grap h sh ow s the p otential difference- time grap h for the exe rcise  b ike .

T ime ( s)
Potential difference ( V )

W hich featu re of the p otential difference- time grap h sh ow s that a direct cu rrent is p rodu ced?

T ick ( ✓)  one b ox.

T he p otential difference alw ays has the sa me maxi mu m va lu e.  

T he p otential difference is alw ays a p osi tive  va lu e.  

T he p otential difference is ze ro each cycle.  

T he p otential difference va ries w ith time.  
 [1]

(c)
(i) D efine a renew ab le energy reso u rce.  
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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

(ii) E xp lain w hether the electricity p rodu ced b y riding the b ike  has come from a renew ab le or 
non- renew ab le so u rce.
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8 E mp eror p engu ins dive  ve ry deep  in the se a.

(a) E xp lain w hy the p ressu re on an ob j ect increase s  as its dep th in the se a increase s.

U se  ideas ab ou t forces in you r answ er.
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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [2]

(b) A n emp eror p engu in dive s to a dep th of 4 0 0  m.

(i) C alcu late the p ressu re on the p engu in.

•  T he ap p roxi mate densi ty of se aw ater is 1 0 2 0  kg  /  m3 .
•  T he gravi tational field st rength is 1 0  N  /  kg .

U se  the E q u ation S heet.

G ive  you r answ er in kPa.

Pressu re =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kP a [4]

(ii) C older w ater has a higher densi ty.

E xp lain the effect on you r answ er to (b)(i) if the p engu in st ill dive s to 4 0 0  m b u t the w ater is 
colder.
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(c) Fig. 8.1 sh ow s an emp eror p eng u in p artially su b merg ed on th e su rface of th e w ater.

 Fig. 8.1

E xp lain w h y th e w ater exe rts a net force u p w ards on th e p eng u in.

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [2]

(d) Fig. 8.2 sh ow s h ow  th e vo lu me of a p eng u in can b e modelled as a cyl inder.

 Fig. 8.2

1 . 2 m

0 . 1 m

C alcu late th e density of th e p eng u in w h en it is modelled as a cyl inder as sh ow n in Fig. 8.2.

Th e mass of th e p eng u in is 2 5  kg .

U se:
•  th e eq u ation:  vo lu me of a cyl inder =  π r 2 l,  w h ere r is th e radiu s and l is th e leng th  of th e 

cyl inder
•  th e E q u ation S h eet.

D ensity =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kg  /  m3 [3]
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(e) W h en an emp eror p eng u in dive s deep er into th e sea,  air sacs in its b ody  comp ress.

Th e tab le sh ow s th e b ody vo lu me and b ody density for an emp eror p eng u in at increasing  dep th s.

Depth (cm) Body volume of penguin 
(m3)

Body density of penguin 
(kg / m3)

 7 2 0 . 0 2 8  8 9 3

 8 4 0 . 0 2 7  9 2 5

 9 6 0 . 0 2 3 1 0 8 7

1 0 8 0 . 0 2 2 1 1 3 6

1 2 0 0 . 0 2 1 1 1 9 0

(i) E xp lain th e trends in th e data sh ow n in th e tab le.
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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [3]

(ii) E xp lain w h y th e p eng u in w ill sink at a dep th  of 1 0 0  cm if it is not sw imming .

U se th e data in th e tab le.

Th e ap p roxi mate density of seaw ater is 1 0 2 0  kg  /  m3 .
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BLANK PAGE

DO NOT WRITE ON THIS PAGE

Turn over for the next question

PMT
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©  O C R  2 0 2 5  

9 T he diagram sh ow s a gas thru st er.

T he gas thru st er release s a gas to change the orb it of a sa tellite.

G as  thru st er

G ase s release d

(a) T he sa tellite is in a st ab le circu lar orb it at a height of ab ou t 5 0 0  km  ab ove  the E arth.
T he gas thru st er move s the sa tellite ab ou t 3  km  fu rther aw ay from E arth.
T he gas thru st er is tu rned off and the sa tellite se ttles into a new  st ab le circu lar orb it.

(i) C omp are the force of gravi ty at the tw o orb its.  

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [1]

(ii) E xp lain the difference in the sp eed of the sa tellite in its new  orb it comp ared to its sp eed in the 
original orb it.
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(iii) E xp lain w hy the sa tellite is accelerating w hen it is in a st ab le circu lar orb it.
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©  O C R  2 0 2 5  

(b) W hen the sa tellite move s to its new  orb it its momentu m is 9  1 4 4  0 0 0  kg m /  s.

C alcu late the ve locity of the sa tellite in its new  orb it.

T he mass of the sa tellite is 1 2 0 0  kg .

U se  the E q u ation S heet.

V elocity =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m /  s [3]

END OF QUESTION PAPER

PMT
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EXTRA ANSWER SPACE

If you  need ext ra sp ace u se  these  lined p ages.  Y ou  mu st  w rite the q u est ion nu mb ers clearly in 
the margin.  
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