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Ql.
Question | Answer Mark
Number
A 1
Q2.
Question | Answer Mark
Number
B 1
Q3.
‘ Question ‘ Answer Mark ‘
Number
| |B | 1 |
Q4.
Question | Answer Mark
Number
B (1)
Q5.
Question Answer Mark
Number
D Electric fields:Fg = %_. E= rﬂé Gravitational fields: Fg = Gﬂ.m. g= %f 1

Incomrect Answers: (all due to mcorrect vanables selected from mformation given)
A — field strength 15 inversely proportional to distance squared

B — electric fields can have a zero field strength anywhere

C — Gravitational forces can only be attractive
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Q6.
Question | Answer Mark
Number
A 1
Q7.
Question | Answer Mark
Number
@ 1
Q8.
Question | Answer Mark
Number
C 1
Qo.
Question Answer Mark
Number
Gm,m, (1)
Useof F = m':m'
’ (1) 2

F=82x=10"N

Example of calculation:

r

F=817x10"N

o Gmym, 6.67x107" Nm’ kg™ x 6.4x10"kg>6.0x10"kg

{5.6 x10%° 111}2
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Q1lo0.

Question | Answer Mark
Number

(a) See F=mg and F = (—)GmM/+* (1)
Equate and cancel m on either side (1) | 2

(b) Substitute into g = GM/¥ to obtain g=9.78 N kg ' [condone m s~ ] (1) | 1

Example of caleulation
GM 667 x10°12 Nm? kg™ 597 x10%* kg

T 638 % L0P m. P

=0,783 N kg3

Total for question 3

Q11.

Question | Answer Mark
Number

GM (1)
See g=—
re

. GM
Correct substitution into g =— (1)

e, =37 (1) 3

(Correct inverse ratio 1.e. ry/fe = 0.27, scores full marks)

Example of calculation

LiE Lo
- LR €51 1

|
i
i
=
(=}
=3
)
&
=1

m 9

| Total for question 3

12.
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Question Answer ar
Number
2T
Useof T=—
5€ 0 - (1)
Useof F = Gﬁ({ @
2
Use of F = mre>” @)
. 1)
h=359=10'm (
011
3l .
Useof T = = (1)
v
Use of F' = Gj{ D
2
Use of F = 7V 0]
-
h=3.59%10"m @ 4
Example of calculation
% .
__2mmd 5575107 rads™
243600 s
: G_' . : G_'M
mre” =—— L =—
re i
f 11 S Wy “
. =3||6.6?><10 Nm kgq X}.?S}XIU kg _4996x10"m
\ (7.27x107 rads ™|
h=4226<10'm—-636x10°m=359 x 10’ m
Question Answer Mark
Number
(a) ] 1
Useof g = G’Tf @
re
M=45x 10%kg o))
Example of calculation
.2 1 5.
[V 9.81Nkg ><1$1.?4>1<10 111} _ 445x10%kg
G 6.67=x107 Nm~ kg™ -
Question Answer Mark
Number
(b) {the gravitational force on the Moon would be larger), but the centripetal
acceleration would be mndependent of the mass of the Moon
Or
re’ = G‘t{ Sl = G‘]f 1)
r r
. {angular) velocity and hence T 1s mdependent of mass of Moon (1) )
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Question Answer
Number
(c) Gravitational forces on the seas/oceans/Earth would be greater (1)
Or
Tidal varniations would be more extreme
[accept tides would be bigger, higher. larger. faster; do not accept fudes
would be stronger]
Q14.
Question | Answer Mark
Number
= (QWC — Work must be clear and organised in a logical manner using technical
wording where appropriate)
Gravitational fields are regions in which a mass experiences a force due to its mass (1)
Electnic fields are regions in which a charge expenences a force due to its charge (1)
Both types of field have an mfinite range (1)
In each type of field the force varies as an inverse square (1)
The force between masses 1s always attractive whereas the force between
charges can be attractive or repulsive
Or electric fields can cancel or remforce but gravitational fields always
remforce one another (1)
The force between (unit) charges at a given separation 15 much stronger than
the force between (unif) masses at the same separation (1) 6
Tatal for question 6
Q15.
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Question | Answer Mark
Number
() (1) 5 .
Useof o= @
T
i} (1
GM; B
See F = ]m and F =mer
r @
GM=4.07 = 10" (m’ s
Or
gl .
Useof v= “T7 (1)
Ses F = bﬂ{m and F = il (1)
F r
GM =407 » 10" (m’ s7) (D 3
[If reverse “show that™ attempted. max 2]
Example of calculation:
2 2mrad
w="t_ Lﬁ =2.66x107" rads™
T 236x10"s
GMm 5
—=mar
F
GM = @’r* =(2.66x10s7 | x(386x10° m| =407x10% m’s™
(a)(ii GM (1
@) Use of g = = with g =9.81 Nkg™ )
R=64x10°m[6.5 x 10° m if show that value used] L 2
Example of calculation:
——— | 14 3 _-2
[ GM 4.07=10 .
R— = T B2 644x10°m
\ g 1l.| 9 81Nkg”
(b) Force varies with distance (from the Earth) according to inverse square law
1
e M
so force (on these asteroids) is (very) small (1)
Or
Grawvitational field strength vanes with distance (from the Earth) according to
mverse square law g oc ij 1)
;2
so gravitational field strength 1s (very) weak at this distance @ 2
[Accept 1dea that since the asteroids are much further from the Earth (than
the moon) they are only weakly bound (to the Earth) for max 1 mark]
Total for Question i
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Question
Number

Answer

Mark

(a)(®)

See F = GMm/»*

Equated to mg to give required expression Or use of g=F/m

8Y)]
1) 2

(a)(id)

Useofg=o rOR g=v'/r
Use of 0 =2m/T OR v =2me/T
Correct algebra leading to expression grven

Example of calculation:
.. GM

(1)
(1)
1) 3

(a)(iii)

See T =24 hours
T converted into s
r=42x=10"m

Example of calculation:
IT=24=x60=60s=86400s

s GMT? 667x107"" Nm® kg™ x6.0x10™ kg x (86400 )’
4’ 4’
r=3757x10" m’ =4.23x10" m

¥

=757=x10% m®

0y
0y
(1) 3

(b)

The satellite must rotate with the Earth
Onr the satellite must be 1n a geosynchronous orbat

Or any non-equatorial orbat would cause the satellite to move N-S

Taotal for guestion

Q17.
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Question | Answer Mark
Number
(a)(i) Use of @=2n/T (1)
@=2.66x 10° (rad s (1) B
Example of caleulation
2n 2n 2 i
= =2.66x10 6(1‘ad)s :
T 27.3x24x3600s
(a)(ii) Gm,m, :
See (F =)—2 (1)
Evidence that gravitational force equated to centripetal force (1)
Correct substitution [e.c.f.] (1)
4
r=392x10°m (1)
If show that value is used, 7 = 3.62 x 10°m
Example of caleulation
GMm >
o ma-r
*
GM
¥ = —
wi
_[667x10 " Nmkg2x6.4x10* kg 8
T =3 ; = =392x10 m
\ [2.66x10%s™ |
(b)(i) Max two from:
¢ Gravitational force on moon is reduced (1)
¢ (Therefore) ® or v is decreased (1)
¢ (Hence) the orbital time mcreases (1)
¢ Valid reference to Kepler's law: T a1 (1) Max 2
(b)(ii) | Rate of increase = 4 (cm per year) (1) 1
Example of calculation
Rate of increase =800 cm / 200 yr=4 cm 3?1"1
(b)(iii)* | (QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate)
Answers based on expanding universe/galaxies/stars do not gain credit
Idea that in the past the moon was closer OR the gravitational pull
would have been larger (1)
In the past the tidal effects would have been greater/stronger (1) 3
The rate of change of orbital radius would have been greater (1)
Total for question 12
@TOPhysicsTutor facebook.com/TheOnlinePhysicsTutor



theonlinephysicstutor.com

Q1l1s.
Question Answer Mark
Number
(a) The gravitational field strength [accept “g”] decreases
Or the (gravitational) force on the satellite/object/mass decreases (i §]
It 15 a centripetal force (and not a centnifugal force) 1)
The satellite 15 accelerating and so 15 not m balance (04] 3
(b)(@) mv:  GmM; . GMm )
See = o Or mMoF = =
¥ i r
2 GJ.ME GJME
BLgiras smenls Or V= |—= 1)
¥ r
GMg 15 constant (and so v decreases as r increases)
o » 1 = 1 (1) 3
I ¥ oo — r Ve —
: %
(b)(ii) 2x v s
State T= — and w=— Or T=— ands=2mr 0
[ ¥ v
2
Hence T= (so smaller v leads to a larger value of T) |2
v -
[Accept
_ 2nGMg
¥ for final mark]
(©) A 1)
Use of T =
GM
T =5530 5 [92 nunutes] (1) 2
Example of calculation
= \145?3# 47 (6360000 m + 400000 m )’ _
— — = — R s
GM 6.67x10" Nm? kg™ x5.98x10™ kg
(d) Max 2
As radius decreases:
There is a transfer of gravitational potential energy to kinetic energy (14]
[Accept kinetic energy increases and gravitational potential energy decreases]
Sum of kinetic and gravitational potential energy decreases
Or satellite does work against frictional forces
Or transfer of kinetic energy of satellite to thermal energy (1) 2
Or heating occurs
Q1lo.
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Question
Number

Answer

Mark

(a)(i)

Gravitation OR gravity OR gravitational attraction / pull / force

1)

(a)(ii)

Use of F=Gmm) =
F=42x 10* (N) (no u.e.)

Example of calculation
Gm,_mg
F -_—

T : ; _
6.6710°*% M nPkg™ (1.6%109%kg )(3.0x 105 kg,
(32X 10 mF

F=41F %10 N

(1)
(1)

(a)(iii)

Use of F = matr or F= mV/r
Use of =21/ @ or T=2nr'v
T=108 (years) [accept 107 — 111 years] (no ue)

[If 7° appears in solution, max 1 mark out of 3.

o ||| G(M + 1;?)
V R+

method leads to T = 109 years)]

It used, then full eredit may be given. This

Example of calculation
B II 42 x10% N
“"ﬁJ (16 % 10® kg) x7.7 X 108 m

w=1.85 ¥ 107 rad z-

Z2wrad
= =3 9
N AP o E

340 x10% e

~365 %24 x 60x60 & year -

=106 years

(1)
(1)
(1)

*(b)(i)

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

Radiation (is received) with a longer/stretched wavelength
(compared to that emitted) OR lower/smaller frequency

This indicates that distant galaxies are receding / distance between
galaxies is increasing/galaxies are moving apart

(Hence) the universe 1s expanding / provides evidence for Big Bang

(1)

(1)

1)

(b)(ii)

The rotational motion (of the black holes) is small compared with
that due to the overall recession

(So) both black holes are still moving away OR (hence) the overall
effect when the black hole is approaching is to cause a small
reduction in the observed red (rather than a blue) shift

ALTERNATIVE APPROACH:

Reference to plane of orbit being perpendicular to line of sight
from the Earth

Therefore there 1s no change in wavelength due to rotation of black
holes

(1)

(1)

(1)
1)

(b)(iii)

Use of z=v/e
Use 01‘1’=H}Dd
d=71%10"m

Example of calculation

v=Zc=038x3x 1Fmei=l1¢x 10¥fmg?

-
_ LI mST . ]
d= T o, 1 =i X1 m

(1)
(1)
(1)
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Q20.
Question | Answer Mark
Number
(a)(i) | Calculation of time period (1)
A 2
USBOf‘I.-'=—S orF m=£ (1)
At T
Use C:lff;r=L or a=re’ (1)
L
Correct answer (1)
Example of calculation:
(4)
.
T— 24x60x60s — 5760 s
15
2zr  27%6.94x10° -
% Ty _ Tx6.94x10" m = 757210° ms
T 5760s
v? [" 6x10° ms™ )1
g e - =8.26ms "
r 6.94x10% m
OR
Y 2
B T F G W
T 5760s
a=ro’=694x10°x(1.09x107 ) =826 ms™>
(a)(ii) | mg equated to gravitational force expression (1)
g (= a) = 8.3 ms™ substituted (1)
Correct answer (1) (3)
Example of calculation:
GMm
mg = —;
T
5 6.67x10 " Nm?keM
S83msT = =
(6.94x10°m)’
B3 ms ><(6.9-1:-<106 111}1 2
M= ) = 6.0x10% kg
6.67x107" Nm'kg
(b) The observed wavelength is longer than the actual wavelength / the
wavelength is stretched out (1)
One from:
The universe is expanding (1)
(All distant) galaxies are moving apart (1)
The (recessional) velocity of galaxies is proportional to distance (1)
i . The furthest out galaxies move fastest (1 ma .
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(c)(i) | Alight year is the distance travelled (in a vacuum) in 1 year by light /
em-radiation (1)

The idea that light has only been able to travel to us for a time equal to

the age of the universe. (1) (2)
(e)(ii) 1
(Use of v =H, d to show) H, == (1)
t
Correct answer (1) (2)

Example of calculation:

1 1
H,=-= — =2.65x107" 57
t 12x3.15x10 s

(c)(iii) | The answer must be clear and be organised in a logical sequence

There is considerable uncertainty in the value of the Hubble constant (1)
QwcC
Any sensible reason for uncertainty (1)

Idea that a guess implies a value obtained with little supporting evidence
OR the errors are so large that our value is little better than a guess

(1)
(3)
Total for question (16)
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