Solutions
Each answer shows the steps, then the result.

2.1

 the total momentum of a system of objects is constant (total momentum before =
total momentum after)

o provided no resultant external force acts on the system

2.2
(a) conservation of momentum, objects stick together: myu; + maous = (my + mo)v
miul + Mols 3.0x4.0+0

3.0 =
v = pr— fr .  —
mi + mo 3.0+1.0 S

(b) Ex = mv?, before and after
Bhefore = 3mquf = 2 x 3.0 x 4.0° =24 ]

Batier = 2(m1 +ma)t? = 1 x4.0%x3.0° =18 J

» the energy lost as a percentage of the energy before

Eeore_Ea er 24—1
bef fter  100% = E

100% = 25
Ebefore 24 8 % %

2.3

e conservation of momentum from rest: 0 = mqv; + Mmavs

mivg 2.0 x 6.0 m
= — = — =—40 —
v2 Mo 3.0 S

e 4.0 E, in the opposite direction to the 2.0 kg trolley
s

2.4

(a) ball 1 moves and ball 2 is at rest; total momentum p = muv before and after, the same
m for both

Phefore = MUy +mus = 0.50 x 4.0+0=2.0Ns

Patter = MU +muvg =0+ 0.50 x 4.0 =2.0 N s
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(b) total B = smuv?, before and after
Epefore = 3mui +0 =2 x 0.50 x 4.0° = 4.0 J

Eatter = 0+ 2muv3 = § % 0.50 x 4.0 = 4.0 J

» the total kinetic energy is conserved, so the collision is elastic

m
(c) relative speed of approach = u; —ug = 4.0 —0=4.0 —
s
. . m
o relative speed of separation = vy —v; = 4.0 — 0 = 4.0 —, the same
s

2.5

(a) the nucleus was at rest, so the total momentum before is zero

e momentum is conserved, so the two momenta after are equal in size and opposite in
direction N

(b) conservation of momentum, MyewVnew = Mala, With the new mass mye,, = 212 — 4 =
208 u «

ale 4 x1.6x107
Vo = ¥ _ —31x10° 2
Mpew 208 S
3.1C
(0% new 216 .
o the momenta are equal in size, so speed o 1/mass: Yo _ 10 = with the
Unew Mq

new nucleus of mass Mmpew = 220 —4 =216 u

e D uses the mass of the nucleus before the decay; A and B are upside down D
A B

3.2C

e momentum: mu = 3muv, so v = u/3

« By after = 3(3m)(u/3)? = 5 x 3mu?, so one third remains and two thirds are

transferred

N |

e A is the fraction that remains A

3.3

(a) nucleon numbers and proton numbers both balance: 22°Rn — 215Po + 3«
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(b) the nucleus was at rest, so the total momentum stays zero

e conservation of momentum, m,v, = Mmp,Up,, Masses in u

u
216 x 2.2 x 10°
Vo = UL =1.2 x 107 E, opposite to the polonium
My, 4 S
E, mavi

(¢) Ex = $mv?, so = :
EPO MpoUp,

» the momenta are equal in size, so v,/vp, = Mp,/M, and the ratio becomes
mey

E, mp, 216

Epo me 4
3.4
(a) acceleration is the gradient of the vt line -
A 45 —-0.1
U——OE) 05:1.5msf2

“T At T 030-0.10

(b) conservation of momentum, bounce apart

mpup + mquq = mpvp +mquqg :  0.40 x 0.60 + 0.80 x 0.15 = 0.40 vp + 0.80 x 0.45

e 50 0.36 =0.40vp + 0.36 and vp = 0: P stops P P

(c) a horizontal line at 0.60 ™ from £ =0 to 0.10 s p
S

e a straight line from (0.10, 0.60) down to (0.30, 0): the change happens over the same
contact time as for Q P Q

e a horizontal line along v = 0 from 0.30 to 0.50 s P

(d) add Ex = $mw? for the two trolleys, before and after

)

Ebefore = 3mpup + mqug, = 3(0.40)(0.60)* + £(0.80)(0.15)* = 0.081 J

Eufier = 2mpv + Imqud = 0+ £(0.80)(0.45)% = 0.081 J

» the total kinetic energy is conserved, so the collision is elastic
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