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(i)

(i)

(ii)

MEGA LECTURE

work done in bringingimwing URILME5S e

from infinity to the point... "
(use of 1kgin the deﬁnmr_‘m — max 1!2}

potential at infinity defined as being zero_. Ll
forces are always attractive. ..
g0 work got out in moving Lo point ..o

imax potential is at infinity — allow 1/3)

w=-GMR
change = 6.67 x 107" x &. nxmﬁ‘x;{aumﬂ} {19“10?} ) ..
change =4.19x 10" J kg’ (ignore sign) ...................

vz 23{4191‘10? 8381'10?

acceleration is not constant. ... S

(force) = GM\Maf(R; + Rz’
(force) = MyRy w2 or MaRs w?

w =2n/(1.26 x 10%) or 20/T
=499x 10%rad s’
allow 2 s.f.: 1.597 x 10°% scorea1/2

reference to either taking moniemis (about C) or same (centripetal)
force

M1R1 MzR)_ or M1R1 2 l.i‘g‘?z ﬂz}z

hence M1J"M2 szF1

R;=34x32x ™ \n=24x10"m

Ry=(3.2x10") -7, = 8.0 x 10" m (allow vice versa)

if values are_both wrong but have ratio of four to three, then allow
1/2

L =J(00+ Ru)? X Ry X @2} I G (any subject for equation)
=\32x 10" x 8.0 x 10" x (4.99 x 10%)%(6.67 x 10™)
=3.06 x 10% kg
less massive (only award this mark if reasonable attempt at (i))
(9.17 x 10* kg for more massive star)
Total

A

B1

B1
B1

C1
Al

B1
B1
AOD

A1l

Cc1
C1
Al
B1

[2]
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what sapp: +92 323 509 4443, enmil: negal ecture@mail . con
o0

MEGA LECTURE

1 (a) (i) angularspeed = 2n/T _ C1
= 27/(3.2 x 107)
=1.96x 10" rad s™ Al [2]
(i) force = mre? or force = mA/rand v = re c1
= 6.0 x 10% x 1.5 x 10" x (1.96 x 107)?
=3.46 x 102N Al [2]
(b) (i) gravitation/gravity/gravitational field (strength) B1 [1]
(i) F=GMmix*or GM =r’o’ c1
3.46 x 102 = (6.67 x 10" x M x 6.0 x 10%)/(1.5 x 10"")? Cc1
M =195 x 10" kg A1 [3]
Q4.
1 (a) centripetal force is provided by gravitational force B1
mv? /| r=GMm/r B1
hence v=(GM / r) AD  [2]
(b) (i) Ex (= ¥amV®)= GMm | 2r B1 [1]
(iiy Ep=-GMm/r B1 [1]
(iii) Ey=-GMm/r+ GMm/2r C1
=-GMm/2r. A1 2]
(c) (i) if Ev decreases then - GMm /2r becomes more negative
or GMm |/ 2r becomes larger M1
S0 rdecreases A1 2]
(ii) Ex=GMm/2rand rdecreases M1
so (Ex and) v increases A1 [2]
Q5.
1 (a) (region of space) where a mass experiences a force B1 [1]
(b) (i) potential energy = (-)GMm [ x C1
AEp = GMm/2R — GMmI3R M1
= GMm/BR AD [2]
(i) Ex = ¥%m (7600° — 7320°%) M1
= (2.09 x 105m AO 1]
(c) (i) 2.09x 10°=(6.67 = 107" M)/(6 x 3.4 x 10%) C1
M =6.39 x 10% kg A1 2]
(ii) e.g. no energy dissipated due to friction with atmosphere/air
rocket is outside atmosphere
not influenced by another planet etc. B1 [1]
Q6.
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what sapp: +92 323 509 4443, enmil: negal ecture@mail . con

MEGA LECTURE

1 (a) force per unit mass (ratio idea essential)

(b) g = GM/R®
86 % (06 %10} = Mx 6.67 x 107"
M = 4.6 x 10%kg

(c) (i) either potential decreases as distance from planet decreases
or potential zero at infinity and X is closer to zero
or potential o —1/rand Y more negative
so point Y is closer to planet.

(ii) ideaof Ag = ¥/

(6.8-5.3)% 10" = 1%/
v = 55x 10" ms™

Q7.

1 (a) work done moving unit mass
from infinity to the point

t R,

[=2]

(b) (i) atR, ¢ = 6.3x10" Jkg™' (allow £0.1 x 107)
= GM/

6.3x 10" = (.67 x 107" x M)/ (6.4 x 109
M = 8.0 x 10* kg (allow 5.95 —» 6.14)

Maximum of 2/3 for any value chosen for ¢ notat R

IIJJ

(i) change in potential = 2.1 x 10" J kg™ (allo 5 0.1 x 107)
loss in potential energy = gain in kifatic energy
vmv? = ¢m oramv? = GM/ 3R
av? = 21x10
v=65x10ms" .0 (allow 6.3 —» 6.6)
(answer 7.9 x 10° ms™', ba8®d oM. = 2R, allow max 3 marks)

(iii) e.g. speed / velocity / ascereration would be greater

deviates / bends from straight path
(any sensible idems )\ Teeach, max 2)

Q8.

1 (a) (i) force proportional to product of masses
force inversely proportional to square of separation

(ii) separation much greater than radius / diameter of Sun / planet
(b) (i) e.q.force orfield strength o 1/ r?
potential c 1/ r

(i) e.g. gravitational force (always) attractive
electric force attractive or repulsive

QO.

B1
B1

B1

B1

B1
B1

B1

C1
C1
Al

M1
Al

C1

Al

M1
Al
B1
C1
Al

C1
B1
C1

Al

B1
B1

(1l

B8]
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[2]
(1]
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what sapp:

1

Q10.

Q11.

(a) region (of space) where a particle / body experiences a force

(b)

(c)

(a)

()

(c)

(d)

+92 323 509 4443,
o0

emai | :

nmegal ecture@nuil . con

MEGA LECTURE

similarity: e.g. force « 1/ r?
potential e« 1/r

B1 11

B1 1]

difference: e.g. gravitation force (always) attractive B1
electric force attractive or repulsive B1 2]
either ratiois QQ: / 4negmm.G C1
=(1.6x 107" /4rn x 8.85 x 107 x (1.67 x 1072")2 x 6.67 x 107" c1
=1.2 x 10% Al [3]
or Fe=230x10"%x R2 (C1)
Fe=186x10%xR2 (C1)
FelFa=1.2x10% (A1)
work done in bringing unit mass from infinity (to the point} B1 1]
gravitational force is (always) attractive B1
either as rdecreases, object/mass/body does work
or work is done by masses as they come together B1 [2]
either force on mass = mg (where g is the acceleration of free fall
/gravitational field strength) B1
g = GM/? B1
if r@ h, gis constant B1
AEp = force x distance moved M1
= mgh A0
or AEp = mAg (C1)
= GMm(1/ry = 1lrz) = GMm(r. — r)nr: (B1)
if o~ r, then (m—r) = hand = F# (B1)
g = GM/F (B1)
AEp = mgh (AD) [4]
Bmv: = mAg
vi = 2 x GMF Cc1
= (2x4.3x10'™)/ (3.4 x 109 C1
v = 50x10°ms™ A1 3]

(Use of diameter instead of radius to give v = 3.6 x 10° ms™ scores 2 marks)
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what sapp: +92 323 509 4443, enmil: negal ecture@mail . con

MEGA LECTURE

1 (a) force proportional to product of masses and inversely proportional to
square of separation (do not allow square of distance/radius)
either point masses or separation & size of masses

(b) (i) @=2r/(27.3x 24 x 3600) or2x/(2.36 x 10°)
=266 % 10 °rads™

(i) GM=ra or GM=Vr
M = (3.84 x 10° x 10%)° x (2.66 x 10°)?/ (6.67 x 107"")
= 6.0 x 10*kg

(special case: uses g = GM/¥ with g=981,r=64x 10° scores max 1 mark)

(c) (i) grav.force = (6.0 x 10*) x (7.4 x 10%) x (6.67 x 107"")/(3.84 x 10%)°
2.

= 2.0 x 10°°N (allow 15F)

(ii) either AEr = Fx because F constant as x ! radius of orbit
AEp =2.0x%x10%%x4.0x 1072

=8.0% 10""J (allow 1 SF)

or AEr = GMm/ry — GMmyr;
Correct substitution
8.0 x 10"
(AEr = GMmy/ry + GMmy/rz is incorrect physics so0,0/3)

Q12.

1 (a) region of space area / volume
where a mass experiences a force

(b) (i) force proportional to product ofdvwe Wasses
force inversely proportional to the syuare of their separation
either reference to point i sées dr separation >> ‘size’ of masses

(i) field strength = GM/ x* “er field strength o 1/ x2
ratio = (7.78 x 168 £1.5 x 10%)?
=27

(c) (i) either Cegtripetal force = mRofand @ =2/ T
or centripetal force = m? / Rand v=2rR /T
gravitational force provides the cenfripetal force
either GMm / R* = mRa* or GMm /R =mv /R
M= 47°R*/ GT*

(allow working to be given in terms of acceleration)

(i) M =2 (1.5x 10"}/ {6.67 x 107" x (3.16 x 107)%}
= 2.0 x 10%kg

Q13.

C1
Al

B1
Ci
Al

C1
B1
Al

B1
B1

M1

A1

C1

C1
Al

B1
B1
M1
A0

c1
A1

[2]

(1

[2]

(2]

(3]

[2]

i8]

3]

B8]

2]
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what sapp:

+92 323 509 4443, email:

nmegal ect ur e@nui |

MEGA LECTURE

1 (a) equatorial orbit/ above equator

satellite moves from west to east / same direction as Earth spins

period is 24 hours / same period as spinning of Earth
(allow 1 mark for ‘appears to be stationary/overhead’ if none of above marks scored)

B1 [3]

(b) gravitational force provides/is the centripetal force B1
GMm/R® = mR&" or GMmIR® = mvV*IR M1
@=2n [Tor v=2aR/ T or clear substitution M1
clear working to give R® = (GMT? | 47%) A1 [4]
() R*=6.67 x 107" x 6.0 x 10%* x (24 x 3600)% / 4= C1
= 7.57 x 107 C1
R=4.2x10" m A1 [3]
(missing out 3600 gives 1.8 x 10° m and scores 2/3 marks)
Q14.
4 (a) () V;mvz L GMITR  ccosuvommeors s s e s o s S R Bl
VE = 2GMU/R e e e e anaan Al
(i) = BMBY i iin i e sessarnsssnmms e ssnsnssnsnss Ml
cléaralpabra Biving vt = 28R cuisess s s Al [3]
(b) Yamv® = 3/2kT
FETmS 2R s e T A T A Cl
= (2x66x107x981 x64x10%/(138x10%x3) ... Cl
T = 20X 10%K oot Al [4]
Q15.
1 (a) (i) FAdial MBS ... e e s as e ee e an e aneneenens B ]
pointing INWards ..., B
(ii) no difference OR lines closer near surface of smaller sphere ...... B1 [3]
(b) (i) Fo = GMM/R ..ottt ana e C1
=(6.67 X 10" x 5.98 x 102‘}!(6380 X 103}
=980N.. e s A1
() F oS RO oottt ee et et C1
8 = 2T ciiinat it oo PR L5005 £ b in i B i LSS £ 0L im0 C1
Fec= (47 x 6380 x 10° )IB 64 x 10"}
=0.0337 N.. s AT
(i) Fa-Fo= 007 N AT [6]
(c) because acceleration (of free fall) is (resultant) force per unit
mass ) vennn B
acceleration = 9 ??‘ m s~ ..B1 [2]
Q16.
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what sapp: +92 323 509 4443, emuil:

Q17.

1 (a)

(b)

Q18.
4 (a)

(b)

Q19.

MEGA LECTURE

(a) GM /I RZ = RP e e C1
@ = 201 (24 5 3600)  iiiiiei i e C1
6.67 x 107" % 6.0 x 10** = R* x o/
R = 757 x 107 e M1
R =423 10T M oot e, A0
(D)) AD = GMIRs — GMIRy oo C1
= (667 x 107" x68.0x 10%)(1/6.4 x 10°-1/4.2 x 107)
= 531 x 10T JKG™ ettt e e i e ee s e eanean c1
AEp= 5.31% 107 % B50  .eiieeieiiivieraieiiisseeeesesseresstesessinseessnees s C1
= 34531000 e e A1
(c) e.g. satellite will already have some speed in the correct direction ... B1

either ratio of work done to mass/charge
or work done moving unit mass/charge from infinity
or both have zero potential at infinity

gravitational forces are (always attractive)
electric forces can be attractive or repulsive

for gravitational, work got out as masses come together
/mass moves from infinity
for electric, work done on charges if same sign, work got out if opposite sign‘as/charges

come together

(i) GMm{(R+h)" - (R+h)}
vom {vy® - v}

2M x 667 x 107" {(26.28 x 10°)™" — (29.08 x 105) W= 5370° — 5090°

Mx 4.888 x 107" =2.929 x 10
M=6.00x 10" kg

(If equation in (a) is dimensionally unsound, i'\en 0/'3 marks in (b), if dimensionally sound but

incorrect, treat as e.c.f.)

WWW.MEGr#
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B1
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B1

B1

[3]
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1]
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what sapp:

1

Q20.

1

Q21.

(a) (i)
(ii)
(iii)

(b) (i)

(i)

(c) eg.

+92 323 509 4443, emnil: negal ecture@nui l

MEGA LECTURE

F=GMmIR?
F =mR

reaction force = GMm / R* — mR&?  (allow e.c.f)

either value of R in expression Ra’ varies
or mRe” no longer parallel to GMm / R? | normal to surface
becomes smaller as object approaches a pole / is zero at pole

1. acceleration = 6.4 x 10° x (2n /{8.6 x 10“})2
=0.034 m s~
2. acceleration =0

‘radius’ of planet varies

density of planet not constant

planet spinning

nearby planets / stars

(any sensible comments, 1 mark each, maximum 2)

(a) F e MmIR? ... (words or explained symbols)
either M and m are point masses

or

(b) (i)

(i)

(iii)

WWW. yout ube. co

R >> diameter of masses ...(do not allow ‘size")

equatorial orbit

period 24 hours / same angular speed

from west to east / same direction of rotation

B1

B1

B1

B1
B1

C1

Al
Al

B2

..M1

AT

Y
..B1

..B1

(allow one of the last two marks for ‘always over.head’ rf 2"“' or 3m marks nor scored)

gravitational force provides centripetal force

[ gives rise to centripetal acceleration ....(in ‘words’)
GM| ¥ = xa'

g=GMIR ...

to give gR? = Xt

o = 2n/ (24 x 3600) = 7.27 x 10° rad s
9.81 x (6.4 x 10°)? = x*x (7.27 % 10%)°
= 7.6 x10%

¥ Sl R D I i it o i e e s e S e s i i B

(use ofg=10m s? loses 1 mark but once only in the Paper)

e B
M1
O \"

.. AD

N 0%
...C1

(1]
(1]
(1]

(2]

(2]
(1]

[2]

[2]

[3]

[3]

[3]

:11]
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what sapp: +92 323 509 4443, emumil: negal ecture@nui l
o0

MEGA LECTURE

1 (a) (i) force per (unit) mass ...B1
(i) g = GM!R2 ....................................................................................................... C1
9.81 = (6. 67x10”><mf(638x105)2 @380 e M
M = 599 x 107 Kg oo e e e deids et D
(b) (i) either GM = afr' or gR%®= @ oo, C
either 6.67 x m”xsggxm“ = of x (2.86 x 10')’
or 9.81 % (6.38 x 105}2 (2 86 x 107 )3 ceeeterseenesesnsensreesesesemssenssanns O 1
o= 13x10%rads™ .. R ST TP, - |
(use of r=2.22 x 10°'m scores max 2 manks}
(ii) periodoforbit= 2n/ @ ... BUTT OO U UR U U TR O |
=48x10%s (= 134 hours} R TR T .|
period for geostationary satellite is 24 hours (= 8.6 ‘tO“ s) ST . & |
SO MO .o.liiiiineansiintinssis snbisns insasn snssns inmssn sms sus innndnnnsfonn bun bun st fanmarsbanssnrmsnaiennsinrnse i nnsiins SR
(c) satellite can then provide cover at Poles ..., B
[Total:
Q22.
1 (a) force per unit mass (ratio idea essential) B1
(b) graph: correct curvature M1
from (R,1.0 gs) & at least one other copeyt peint Al
(c) (i) fields of Earth and Moon are in oppgSite directions M1
either resultant field found by subtralct/on of the field strength
or any other sensible comren) Al
so there is a point where it ig"22r0 A0
(allow Fg = —Fy for 2 magks)
(i) GMg/ 2 = GMy,/ (D — x)* C1
(6.0 x 10%) / (7.4¢x \0Z) = X* | (B0R: — x)* c1
x=54Rg Al
(iii) graph: g . 0ateast 34 distance to Moon B1
Gwand g in opposite directions M1
correct curvature (by eye) and gg > gy at surface Al
Q23.

WWW.MEGALECTURE.COM
WWW. yout ube. com neqgal ect ur e
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[2]
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what sapp: +92 323 509 4443, emuil:
o0

MEGA LECTURE

1 (a) (i) rate of change of angle / angular displacement
swept out by radius

(i) oxT=2n

(b) centripetal force is provided by the gravitational force
gither mr2n/TY = GMmir*  or  mre’= GMm/r?
rPx4n’= GMxT?

GM/4=% is a constant (¢)
T?=cr®

(c) (i) either T?=(45/1.08)°x 0.615° or T?=0.30x45°
T =165 years

(i) speed = (2r x 1.08 x 10%)/(0.615 x 365 x 24 x 3600)
= 35kms™’

Q24.

1 (a) gravitational force provides the centripetal force
GMmir? = mre’ (must be in terms of @)
riew’ = GM and GMis a constant

(b) (i) 1. forPhobos, @ = 2n/(7.65 x 3600)
= 228 x 10 rads™
(9.39 x 10%)" x (2.28 x 107*)% = 667 x 10" x M
M = 6.46 x 10” kg

2. (9.39 x 105)* x (2.28 x 107%)? = (1.99 x 107)° x &?
w =7.30x 107° rads™
T = 2nlw = 21(7.30 x 107°)

8.6 x10%s

23.6 hours

mnn

(ii) either almost ‘geostationary’
or satellite would take a long time to cross the sky

Q25.

M1
A1

B1
B1
M1
Al

Al
AO

C1
Al

C1

B1
B1
B1

C1

C1
Al

C1

C1

Al

B1

[2]
]

4]

[2]

[2]
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(3]
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what sapp: +92 323 509 4443, enmil: negal ecture@mail . con
o0

MEGA LECTURE

1 (a) (i) weight= GMmir? C1
= (6.67 x 107" x 6.42 x 10% x 1.40)/(% % 6.79 x 10%)? c1
= 520N A1 [3]
(ii) potential energy = —GMmir C1
= —(6.67 x 107" x 6.42 x 107 x 1.40)/(%2 % 6.79 x 10°) M1
= —177%10"J A0 [2]
(b) either Yemv? = 1.77 x 107 C1
vZ = (1.77 x 107 x 2)11 .40 Cc1
v = 5.03 % 10° ms™ Al
or emv? = GMmi#r (C1)
v2=(2x6.67 x 107" x6.42 x 10%)/(6.79 x 10%2) (C1)
v=5.02x10°ms™ (A1) [3]
Q26.
1 (a) force is proportional to the product of the masses and
inversely proportional to the square of the separation M1
either point masses or separation >> size of masses Al [2]
(b) (i) gravitational force provides the cenftripetal force B1
mZir = GMmir? and Ey = Yam/? M1
hence Ex = GMm/2r A0 [2]
(i) 1. AEc=1 x4.00 x 10" x 620 = ({7.30 x 105 — {¥34 x 105)") C1
=926 x10"J (ignore any sign in apawes Al [4]
(allow 1.0 x 108 J if evidence that Ex eVailiated separately for each r)
2. AEp=4.00 % 10" x 620 x ({7.30=x 1%} " — {7.34 x 10%7") C1
=1.85 x 10%J (ignore any Sign¥h answer) Al [2]
(allow 1.8 or 1.9 x 10%J)
(iii) either (7.30 x 108y — (736 W10°) " or AE is positive/ E increased M1
speed has increased Al [2]
Q27.
1 (a) work done ifnaioving unit mass M1
from infinity (to the point) A1l [2]

(b) (i) gravitational potential energy = GMm [/ x

energy = (6.67 x 107" x 7.35 x 10% x 4.5) / (1.74 x 10%) M1

energy = 1.27 x 10" J A0 1]
(ii) change in grav. potential energy = change in kinetic energy B1

Y% x4.5x%v =127 % 10

v=2.4x10"ms™ Al [2]

(c) Earth would attract the rock / potential at Earth(’s surface) not zero / <0
[ at Earth, potential due to Moon not zero M1
escape speed would be lower A1l [2]

WWW.MEGALECTURE.COM
WWW. Yout ube. com neqgal ect ure  Page11of1s



what sapp: +92 323 509 4443, enmil: negal ecture@mail . con

MEGA LECTURE

Q28.

1 (a) force proportional to product of the two masses and inversely proportional to the
square of their separation

either reference to point masses or separation >> ‘size’ of masses

(b) gravitational force provides the centripetal force
GMm/R* = mRd#
where m is the mass of the planet
GM= R’

(c) @=2rn/ T
either Mstar / Mgun = (Rslar / RSun:’3 * (TSun ! Tstar}z
Maar =4 % (Wf % 2.0 x 10%°
=3.2x 10%kg
or Maar = (2n) Ruar ! GT?
={(2n)% x (6.0 x 10"’} / {6.67 x 107" x (2 x 365 x 24 x 3600)%}
=3.2 x 10°'kg

Q29.

1 (a) work done bringing unit mass
from infinity (to the point)

(b) Ee=-m¢

(c) ¢oc1x

either at &R from centre, potential is (6.3 x 107)/6 (= 1.05 x 10" J kg™
and at 5R from centre, potential is (6.3 x 107Y/5 (= 1.26 x 107 J kg™)
change in energy = (1.26 — 1.05) x 10" x 1.3
=27 x10°J

or change in potential = (1/5 — 1/6) x (6.3 x 107)

change in energy = (1/5 — 1/6) x (6.3 x 10") x 1.3
=27x10°J

Q30.

M1
A1 2]

B1
M1
A1
A0 [3]

C1

C1
A1 [3]
(C1)
(C1)
(A1)

M1
A1 [2]

B1 [1]

C1

C1
C1
Al

(C1)
(C1)
(A1) @]
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what sapp:

1

Q31.

1

Q32.

+92 323 509 4443, email:
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(a) gravitational force provides/is the centripetal force B1
GMm/r = mP@/r M1
v = \(GMIr) A0 [2]
allow gravitational field strength provides/is the centripetal acceleration (B1)
GMIF = VIr (M1)
(b) (i) kinetic energy increase/change = loss/change in (gravitational) potential
energy B1
vemVy® = GMm/ x c1
V2 = 2GMIx
Vy = V(2GM/ x) A1 [3]
(max. 2 for use of r not x)
(i) Vuis (always) greater than v (for x =r) M1
so stone could not enter into orbit Al 2]
(expressions in (a) and (b)(i) must be dimensionally correct)
(@) g = GMIR? C1
= (6.67 x 107" x 6.4 x 10%)/(3.4 x 10°)* = 3.7Nkg™ Al 2]

(b) AEp=mgAh
because Ah « R (or 1800m « 3.4 x 10°m) g is constant B1
AEp=2.4 % 3.7 x 1800 C1

=16x10*J Al [3]
(useof g = 9.8ms ™ max. 1 for explanation)

(c) gravitational potential energy = (—)Gling/ 2 C1
vi=2GM/x C1
x=4D=4x6.8 x 10° c1
V= (2x6.67x 107" x6.4 xW07)/ (4 x 6.8 x 10°)

= 3.14 x 10°
v =1.8x10° ms™’ Al [
(use of 3.5D givints1ib 10°ms', allow max. 3)

(a) smooth curve with decreasing gradient, not starting at x =0 M1
end of line not at g = 0 or horizontal Al 2]

(b) straight line with positive gradient M1
line starts at origin Al [2]

(¢) sinusoidal shape B1
only positive values and peak/trough height constant B1
4 ‘loops’ B1 [3]
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