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Tutorial 1.0

Gravitation
1 E = Gmym,
r2
6.67x10™ x1000x1000 )
2. F = 0.57 = 27x10*N
6.67x10™ x6x10%* x1.99x10% ”
3. F = (L5x10%)? = 3.5x 102N
4. (a) F=mg = Gm—12m2 giving g = GR'ZA where M is the mass of the Earth
_ 6.67x10M"xM
(b) () 9.8 = (6.4x10°)? giving M = 6.0 x 10%* kg
(i 6.67x10™ x 6 x10* 9.8 Nkg (N ticeable diff )
i = =0. ) o0 noticeable difference!
97 (64x10° + 1344)° 9
6.67x10™" x 6x10*
@iy g = =9.2 Nkg*

(6.4x10° + 200x10°)?

5. (a) The work done to move 1 kg from infinity to that point.

Gm
(b) Vp=- T
-11 24
() () Vp=- 6'67)(;'(31 1(066)(10 = -6.2x10" Jkg*
4 X
-11 24
iV, = - 6.67x10" x6x10 = _5.6x107 J kg

6.4x10° + 800x10°
(The negative sign indicates that the potential at infinity is higher than the potential on or
close to the Earth.)

6. The work done by the force of gravity on a particle which moves through a round trip back to its
starting point is zero. Energy is conserved.

mv?  GMm

2

7. Energy required = Ex + E, and Ex =% mv? but

r r
GMm +( GMmj _ GMm _ 6.67x10™ x6x10* x2x10°
- 2r r - 2r  2(6.4x10° + 350x10°%)

= -5.9x10'J (The negative sign indicates a decrease in energy.)
8. Gravitational field strength, escape velocity
9. (@) -10-(-15) =5Jkg*

(b) 5x8=40J
(c) 407
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10(a) The minimum velocity a mass must have that would allow it to escape from the gravitational
field of the planet or star.
GMm

(b) Gravitational E;, at surface = - ——— Ep(Infinity) = 0
r
Kinetic energy at surface = % mv? Ex(Infinity) =0
Total energy at surface = total energy at infinity
_ GMm +%mv: = 0 thusv?= 2GM and Vescape = 2GM
r r r

() (i) ve(Earth) = 1.1x10*ms?  ve(Moon) = 2.4x10®ms?
(i) Escape velocity on the Moon is very small so there will be no atmosphere.

3
{ r
11. For a geostationary satellite T=24x60x06s and T = 20 G_M

for the Earth this gives r = 4.2 x 10’ m, where r is from the centre of the Earth

Eo=- MM _ 19x10u3 B = SMM _ go5x101y

r 2r

12. (a) See Mechanics — Student Material page 25
(b) () 24 hours (24 x60 x 60 s)
(i) radius of orbit = 4.2 x 10’ m, (using the equation for T as in Q 11.)
height above equator = 4.2 x 10’ — 6.0 x 106 = 3.6 x 10’ m
(i) v=r0 = r% = 3.05x10°ms?
2

. . v
(iv) central acceleration= — =0.22 rad s
r

13. (a) densit 1.2x1.99x10% 1% 10° kg m3
. (a ensity = = 11X m-
Y= (4/3) 7 (8000x 10°)? J
) Vp = - 2™ = 199109 J kg

r

(c) g = sz =2.5x10°N kg*
r

(d) Assume a change of height of 1 m and a mass of 60 kg
Ep=mgh = 60x25x10°x1 =15x108J

(e) s=ut+%at? giving 100 =0+ % x 2.5 x 106 x t?
t=8.9x103%s (Notice that this does not depend on the mass)

14. (a) There is a gravitational force of attraction on the photons. The photon path would be
deflected.

(b)

ofstar

To true W
of star

The light from the star is deflected by the Sun. The observer might consider that the star
position is in a straight line from his line of sight.

(c) If adense star has an escape velocity greater than the speed of light, then no light could
escape and the star would appear ‘black’.
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Tutorial 1.1

Gravitation

Gm,m 67 ~1y (50000 x 103)?
i Use F = |23= 6.67x10 " x (50000 x )

r 202
F = 417N
5 po9Mpme _ 667x107"x1.67x1077 x 9.11x107!
r2 (5.3x10711H2
= 3.6x 104N

3 (a) The central force is supplied by the force of gravity
mv:  GMm

r r2
GM 2nr
2 T — = —_—
v " but v T
2.3
T2 = 4&‘”; (Notice r = Rg + 160 km)

. [4m2B  an? x(6.4x10° +160x10°)°
T= GM

6.67x10™M x 6.0x10%*
= 5277 seconds
88 minutes

GMm
(b) Eot = Ep + Bx = -5 = -

= -4.58x1010]

2% (6.4x10% +160x10%)

(© Eioy at 36000 km = - 6:67x10°"" xﬁﬁ.ﬂxm“xlgnﬂ
2x(6.4x107 +36000x107)
= -0.71x 10107
Minimum energy required is the difference between these two.
Energy required = - 0.71 x 1010 - (- 4.58 x 1010)
= 3.87 x 1010 ]
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_ M 4
4 (a) Density, p = ;7 ;  volume of sphere = 3 mr
M

My 0.11 Me Me M.
Pmars = vy T 4 Pearth = 3. = 4
m I I3 ¢ 3 red
Pmars _ merej’ _ {].IIXME}(T;_ _ U.]l:([r_e ]3
Pearth 1",“3 x M, rm3 XM, Fm

0.1 x (6.4 x 106/ 3.4 x 106)3
Pmars = 0.73 Pearth

GMm

(b) At the surface of any planet: mg = 2 m cancels
N GMmars _ 6.67x107''x6.0x10% x 0.11
r’ (3.4x10%)2
= igms—z
_ . [2GM  _ [2x6.67x107"' x6.0x10% x 0.11
(€) Vesc " §
3.4x10
=51x103msl!

escape velocity on Mars is 5.1 km 7!

5 Ep = _GI*:Im M = mass of Saturn; m = mass of rings
_ 6.67x10°11x572x1026x3.5x 1018
- 1.1 x 108
= - 1.21x1027]

GMm 6.67x 1011 x6.0x 1024 xm

r 7 (64x106 + 125x 106)

= - (3.05x106xm)]J

GMm _  667x10'"'x6.0x10** xm
r (6.4x10% +130x10%)

= - (6129x 106 x m)J

|
Energy difference -> Ex  thus AEp = 5 mv2

6 Ep, at highest point =

Ep, at height of atmosphere

1
- (3.05x106xm) - (-61.29x 106 xm) = 5 mv2

5824x 105xm = 3 mv2 m cancels
v2 = 2x58.24x 106
v = 10,8 kms-!
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7 (a)

. @ E, +~!ln+ Moon
En

(b) Let r; = distance of m from centre of the Earth and
let r, = distance of m from centre of the Moon.
Thus r; + rp = separation of the Earth and Moon = 3.84 x 108 m
If m is at the 'null' point: Fe = Fp,
GMem  GMpym

(G and m cancel)

I']2 [‘12
‘lﬁ - Me tak ts of both sides)
) Mm( e square roots of both s1
no_,[Me __[6x102
n N Mn " \[73x102 =20
rp = 9.07xr; and r; = 3.84x 108 - 1y

9.07x (3.84 x 108 - 1;) = 9.07x 3.84x 10°~9.07 1,

_ 9.07x3.84x10%
(9.07+1)

= 35x108m

..,
—
I

. . . . 9
The null point in this field, (ignoring the effect of the Sun), is approximately 75

of the distance from the centre of the Earth to the moon.

3
8 Use Kepler's Third Law: :[r*i = constant for a gravitational system
Thus, for Mars: L P = Phobos, D = Dei
us, for Mars: T2~ Tp? = Phobos, eimos
(2.4 x 107)3 x (2.8 x 10)2
Tp = 6Y3
(9.4 x 109)

= 1,14 x10°s (= 31.7 hours)
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1
9 ChangeinEx = AEy = 5 mx (53742 - 3 mx (3560)2

. AEk
AEj per unit mass, ——= = (14.44 - 6.34)x 106 J kg

= 8.10x 106 J kg
This must be equivalent to the change in gravitational potential.
AV = 8.10x 106 J kg'!

| GM
10 For escape velocity: 5 mv2 = R =
also mg = GII:lzm m cancels in both equations
1 GM GM
5 vi = e 1 & gR =" - 2
combine 1 and 2: % vZ =gR giving v2 = 2gR
v =1/2gR asrequired.
1 _ 2GMg _ 2x6.67x10 1! x 6x 1024
Vesc = g 6.4 x 106
Vese = L1x104m 51

OF Ve = 2215 = V2x9.8x64x10° = 11kms"

3
r
12 T =2n"\ # GM (see question 3 (a) for obtaining equation)

_ 6.4%10° +400x10°
2 1 24
6.67x10'' x6x10
= = 5569 s = 93 minutes

2
13 (3 = 4'];1:2 .GM (see question 3 (a) for obtaining equation)
(24 x60 x60)2 x 6.67 x 10-11 x 6 x 1024
B 4 2
r=42x10m

(b) Thus height = 42.3 x 106-6.4 x 106 = 359 x 10° height = 36 x 106 m

O

need 3 satellites at least

(©)
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Tutorial 2.0

Space and time
Numerical answers:

18. 6.67 x 10*m

19. 1.8 x 10*m

20. 3000 m

21. 8.9 x 102 m (8.9 mm)

22. 4.7 x10°m
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Tutorial 3.0

Stellar physics

Numerical answers:

1.

10.
12.

13.
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(a) 4410 K
(b) 2.1 x 107 W m2

(a) 6.42 x 107 W m™2

(b) 3.95 x 1026 W

(c) 1.4 x103W m?

(a) 12500 K

(b) 1.38 x 10°J (m2s™)
(c) 3.9 x 1028 W

(d) 1.5x10°m

5.8 x 10°W m2

1.8 x 102 W m=2

(@) 1.45x10¥ m
(b) 153 ly

5.5 x 1016 m (5.8 ly)
5.3 x 108 W m2

Show L = 41r20T#

Show that apparent brightness = or?T4/d?

80

(a) 324

(b) Star A; 18 times more distant than star B.
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