M1.

(b)

M2.(a)

(@ () d,=(speed xtime =1.8x 10°%x 95 x 10°) =17(.1) m +"

(i) d(=d.(1—v¥c?))
=171 x (1 - (1.8 x 10%/3.0 x 10°)))* +~
=14 m +" (or 13.7 mor 13.68 m)
or
t=t (1-wvi/cy”
95 =1, x (1—(1.8 x 10%/3.0 x 10°)?)* gives t, = 76 ns +~

d=vt,=1.8%x10°%x 76 x 10° =14 m + (or 13.7 m or 13.68 m)

2
m (= m, (1 — v3/c2)™*)
=1.67(3) x 107 x (1 — (1.8 x 10%3.0 x 10°)7)™*) +~
=2.09 x 107 kg «"
kinetic energy = (m —m,) ¢?
or correct calculation of E = mc? (= 1.88 x 10-° J)
or correct calculation of E, = m,c? (= 1.50 x 10 J) +"
kinetic energy (M- )’ _(2.09-167)x 107
restenergy  _ Mot 167 x107% o
=0.25 (allow 0.245 to 0.255 or Yz or 1:4) v~ i

(8]

d 240
() (useofv=t gives)v=0.84x107 =286)x10°ms’ (1)
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(i) actual length =240 m (1)
> 142

(use ofl = Iﬂ.(’1—%) gives)

1,2
2867
z=z4ﬂ(1_ 7 ) (1)

length in particle frame,

(allow C.E. for value of v)
[ = (240 x 0.30) = 72(.5) m (1)

(b) time between two events depends on speed of observer

1.?2 1/2 -
[ort = tg (‘1—5—2) or rocket time depends on speed of traveller]
1)

traveller’s journey time is the proper time between start and stop

[or 1, is the proper time or ¢ is the time on Earth] (1)
journey time measured on Earth > journey time measured by traveller

[or £ > ¢, or rocket time slower / less than Earth time] (1)
traveller younger than twin on return to Earth (1)

(8]

M3.(a) (i) speed of light (in free space) independent of motion of source (1)
and of motion of observer (1)

[alternative (i)
speed of light is same in all frames of reference (1)]

(i) laws of physics have same form in all inertial frames (1)
inertial frame is one in which Newton’s 1+ law of motion obeyed (1)
laws of physics unchanged in coordinate transformation

from one inertial frame of reference to any other inertial frame (1)
(max 4)
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Fud| =

®) (i) = 1.88 x 10 (1 — (0.996)")% (1)

=2.10 x 10 kg (1)

(i) t=22x10°s (1)
1

7
t| = f[]("'—r:—z)

=2.2x10°(1-(0.996) )2 (s) (1)

=2.46 x 10° (s) (1)

s(= vt = 3.00 x 10° x 0.996 x 2.46 x 10*) = 7360 m (1)

[alternative (ii)
[(=vt=0.996 x 3.0 x 10° x 2.2 x 10° ) = 657 (m) (1)

w
1 -
2
correct substitution of /in [ =1, ¢ 1)
I 657
| = —|=- _ (1)
J1 2| 1-099%
o2
I, = 7360 m (1)
(6)
[10]
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Md.@) () /= (vf=1.00x10°x 15 x10°) = 1.50m (1)

(-F3)

J1_{1.DUX 10%)2
B2
150=1 V 300x109

(ii)

1)
L, =159 m (1)
g or o
2 1. (1.00 10%)2
B 0 meV @ gl EOTR
or it
1. (1.00 x 10°%)2
(3.00 x 10%)2
m = 1.06m,

[or=1.06 x 1.67 x 107 or 1.77 x 10 kg] (1)
kinetic energy = (m — m,)c? (1)

[or =0.06m,c* or 0.06 x 1.67 x 10% x (3 x 10%)]
=9.1x10"™(J) (1)

(i) totalke.=(10"x 9.1 x 10%) = 9.1 x 10° (J) (1)
_91x107°

2110
k.e. per second ( 1.5 %107/ = gogow

Page 5
PhysicsAndMathsTutor.com

max 5

(8]





