Further Mechanics 1 SolutionBank

Elastic collisions in one dimension 4C

1 a
Before collision After collision
6ms ! At rest Ims™ v
O O O O
B (0.6kg) A (0.5kg) B (0.6kg) A (0.5kg)

Using conservation of linear momentum for the system (—):
0.6x6=0.6x1+0.5v

3.6-0.6=0.5v
=v=6

The speed of 4 after the collision is 6ms .

b Total kinetic energy before collision = % x0.6x6>=10.8]
Total kinetic energy after collision = %x 0.6x1* + % x0.5xv* =03+9=9.3]

The loss of kinetic energy =(10.8—9.3)J =1.5J
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2
Before collision After collision
u u Vi 2
O O O O
A (m) B (2m) A (m) B (2m)

Using conservation of linear momentum for the system (—):

mu+2m(—2u) = mv, +2mv,
u—4u=v, +2v,
—3u=v,+2v, (0]

Using Newton’s law of restitution:

E W=V VMW
3 u—(—2u) 3u
=v,—v,=2u (2)

Adding equations (1) and (2) gives
—u =3v,

So v, = Y ms-
3
Substituting into equation (2) gives:
L v, =2u
3

Tu 1
V) =———msS

The direction of travel of particle A4 is reserved after the collision, while particle B continues to move
in the same direction.

Loss of kinetic energy = initial kinetic energy — final kinetic energy

1 1 1 (7)) 1, uY
=— 2m(-2u)” ——m| —— ——2 ——

2mu +2 m(—2u)’ L J mL
=—mu2+4mu2——muZ—lmu2

2 18 9

9 72, 49 2
=—mu’ +—mu’ ——mu’ ——mu’

18 18 18 18

2

:ﬂmMZZSmu J

18 3
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3
Before collision After collision
6ms " 2ms! %
O O O
A (3kg) B (5kg) A+ B (8kg)

Using conservation of linear momentum for the system (—):
3x6+5%x(-2)=8v
gv=18-10=38

=vy=1ms"

Loss of kinetic energy = initial kinetic energy — final kinetic energy

| DOSCINE DPIPRCI e
=367 + 52" = 8(1)

=54+10-4=60J
4
Before collision After collision
2.5ms™! v
O O
Ball (0.2kg) Ball (0.2kg)

After impact with the cushion the velocity of the billiard ball is vms™', using Newton’s law of
restitution:

4_v
5 25
=>v=2

.. The loss in kinetic energy is:

Loss of kinetic energy :%x 0.2x2.5° —%x 0.2x2?

=0.625-04=0.225]

© Pearson Education Ltd 2018. Copying permitted for purchasing institution only. This material is not copyright free.



Further Mechanics 1

SolutionBank

Before striking sandbag

402ms™" At rest v
—

» O O

Bullet (0.15kg) Sandbag (30kg) Sandbag +bullet (31.15kg)

After embedding in sandbag

Using conservation of linear momentum for the system (—):
0.15x 402 =30.15v

:>v=£ 2ms

30.15

b Total kinetic energy before impact = % x0.15x402° =12120.3 ]
Total kinetic energy after impact = %x 30.15x2* =60.3]

The loss of kinetic energy =12060 J =12.06 kJ

6 a
Before firing After firing
At rest At rest v 400ms "

Rifle (4.8kg)  Bullet (0.02kg) Rifle (4.8kg)  Bullet (0.02kg)

Using conservation of linear momentum for the system (—):
0=4.8v+0.2 x400

8 5

=Sy=-—=-"=-1.67Tms” (3s.f)
4.8 3

The rifle recoils with an initial speed of 3 or 1.67ms .

b Total kinetic energy before firing =0

2
Total kinetic energy after firing = %x 0.02x400” + % x4.8x ( 5)

=1600+6.67=1606.67J (2 d.p.)
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7 a Let N be the number of stationary carriages, 4 be the approaching train and B be the stationary

carriages.
Before impact After impact
Vv At rest 0.625V
—> —>
A (30000kg) B (6000N kg) A+ B (30000 + 6000 N kg)

Using conservation of linear momentum for the system (—):
30000V = (30 000+6000N)0.625V

48 =30+6N (dividing both sides by 625V)
= 6N =18

=N=3

) . initial kinetic energy — final kinetic ener
b fraction of kinetic energy lost = — g.y - &Y
initial kinetic energy

2
! 30000/° —148 000 SV
2 2 8

l30 000V*
2
_15x64-24x25 960-600 360 6 _3
15x 64 960 960 16 8
So the fraction of kinetic energy lost is %
8 a
Before impact After impact
1.5ms™ At rest v 0.6ms "'
N H .

A (5000kg) B (10000nkg) A (5000kg) B (10000nkg)

Using conservation of linear momentum for the system (—):
5000%2.5=5000v+10000x0.6
=50v=75-60=15

:>v=1—5=0.3ms‘1
50

b Using Newton’s law of restitution:

,_06-03_03_1_,,
15 15 5
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8 ¢ Loss of kinetic energy = initial kinetic energy — final kinetic energy

=%><5000><1.52 —(%XSOOOXO..’)2 +%><10 OOOxO.62)

=36001J
9
Before explosion After explosion
v Vi V2
O O O
A (m) B(im) C(2m)

Using conservation of linear momentum for the system (—):

my, 2mv,
my=— +——=
3 3
=V, =3v-2v, 0))

Increase in kinetic energy = final kinetic energy — initial kinetic energy = Zmu2

1fm vlz+l 2m vzz—lmvzzlmu2
203 203 2 4

2 2 2
Vv 2v u
L+_2_ 2_7

33 2
20 +4v,’ —6v =3’ )

Substituting equation (1) into equation (2):
2(3v=2v,) +4v,> -6V’ =3u’

299" —12vv, +4v,) ) +4v,> —6v* =3u’
12v,> = 24wy, +12v* =3u” =0

4v,” =8wv, + (4’ —u’)=0

Using the quadratic formula to solve for v,

. 8vt/(-8v)’ —16(4v* —u’)  Bvt~64v: —64 +16u”  8v+~/161°

? 8 8 8
u 1s a positive constant so

_8v+du u

P8
v1 can be found by substituting for v, in equation (1):

u
v, =v+§:> v =3v-2v-u=v-u
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10a
Before collision After collision
4ms™! Ims™ u v
O O O O
A (2kg) B (3kg) A (2kg) B (3kg)

Using conservation of linear momentum for the system (—):

2x44+3x1=2u+3v
= 11=2u+3v )

Loss of kinetic energy = initial kinetic energy — final kinetic energy

1 1 1 1
= Z2(4) + =3(1)2 — = 2u’ — =3
2() 2() o o

35, 3
=— Uy ——
2 2
So as the loss of kinetic energy due to the collision is 3 J
2
3H_ u’ _3v =3
2 2
2 2
58=6v" +4u’ ?2)

From equation (1), 2u =11-3v
So (2u)* =(11-3v)?
4’ =(11-3v)?

Substituting into equation (2):
58=6v> +(11-3v)*

58 =6V +121-66v + 9’
15v* —66v+63=0
5v=22v+21=0

b Using the quadratic formula to solve for v

228220 —4x5x21 _ 2244227 —4x5x21 _ 22%64
10

10 10
=3o0rl4

2248
10

1%

Substituting into equation (1):

v=14=2u=11-3%x14)=68=u=34

After the collision B must be moving faster than A4 as sphere 4 cannot pass through sphere B, so
reject this solution since v < u

v=3=2u=11-3x3)=9=u=1
This is a valid solution since v > u, so v=3ms 'and u=1ms".
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11a Let the common speed of the particles following the jerk be v ms™.

Before the jerk After the jerk
At rest 7ms™ v v
O O O O
B (5kg) A (2kg) B (5kg) A (2kg)
Using conservation of linear momentum for the system (—):
2xT7=2v+5v
14="7Tv
=v=2ms"

b Loss of kinetic energy = initial kinetic energy — final kinetic energy

=lx2x72—lx2x22—lx5x22:49—4—10:35
2 2 2

So the loss of total kinetic energy is 35 J.

12
Before the jerk After the jerk
At rest u v v
O O O O
B (M) A (m) B (M) A (m)

Using conservation of linear momentum for the system (—):
mu = Mv+my

mu
1
M+m @)

—=>Vv=

Kinetic energy lost = initial kinetic energy — final kinetic energy

=lmu2 —l(M +m)v’
2 2
2
= lmu2 1 (M + m)(m—u)2 Substituting for v from equation (1)
2 2 (M +m)
_ mu’ (M +m) B m*u’

2(M+m)  2(M +m)
mMu® +m*u® —m*u’
T XM +m)
B mMu’* B mMu’*
2(M+m) 2(m+M)
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13a Let the common speed of the particles following the jerk be v ms™.

Before the jerk

After the jerk
At rest 20ms! v v
OGO O O
B (5kg) A (3kg) B (5kg) A (3kg)
Using conservation of linear momentum for the system (—):
3x20=5v+3v
60 =8v
=v=75ms"

1
b Initial kinetic energy = 3 x3x20° =600]

1 1
Final kinetic energy = 3% 3x 7.5+ 2 5% 7.5 =225]

So the difference between the kinetic energies is 600 —225=375]
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14a Let the common speed of the 40g and 60g masses following the first jerk be vms .

Before the first jerk After the first jerk
At rest At rest At rest

O O OO O O

C(0.02kg) B (0.04kg) A(0.06kg) C(0.02kg) B (0.04kg) A (0.06kg)

Using conservation of linear momentum for the system (—):
0.06 x5=10.04v +0.06v

=v=3ms"

Let the common speed of all masses following the second jerk be wms ™.

Before the second jerk After the second jerk
At rest

() Q QQ O O

C(0.02kg) B (0.04kg) A4(0.06kg) C(0.02kg) B(0.04kg) A (0.06kg)

Using conservation of linear momentum for the system (—):
(0.04+0.06) x 3=(0.02+0.04 +0.06)w
1.2w=3

= w=2.5ms"

Until the first jerk, the 60g sphere moves with speed 5ms™' through 0.6m.

So the time taken is % =0.12s

From the first jerk until the second jerk, the 60g and 40g spheres moves with speed 3ms ™
through 0.6m.

So the time taken is 0—36 =0.2s

Therefore the time which elapses before the 20g sphere begins to move is 0.12+0.2=0.32s

b The loss of kinetic energy = initial kinetic energy — final kinetic energy
_ %x 0.06x 5> —%x (0.06+0.04+0.02)x 2.5
=0.75-0.375=0.3751]
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Challenge
Before collision After collision
2ms! 3ms ! Vi Vy
O O O O
A (4kg) B (1kg) A (4kg) B (1kg)

Using conservation of linear momentum for the system (—):
4x2+1x(=3)=4v, +v,
=5=4v,+v, a

Using Newton's law of restitution gives:
V=M _Wh—W

T 243 s
=>4=v,-y 2)
Solving equations (1) and (2) simultaneously gives:
1 21
vy=—andv,=—
5 5
Before strings taut After strings taut
Lms™! 2ms”! w w
5 5 — —
A (4kg) B (1kg) 4 (4kg) 5 (1kg)

Using conservation of linear momentum for the system (—):

4xl+1x2=4w+w
5 5

5w:§:5
5
=w=Ims"

Kinetic energy of the system = %x 4x1? +%x Ix1>=2.51]
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