Further Mechanics 1 SolutionBank

Elastic collisions in one dimension 4A

speed of separation

1 Use Newton’s law of restitution e =

speed of approach
4-0 2
a e=——=—
6-0 3
b e=s"2_1
4-2 2
9-(-6) 15 3

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

0.25x6+0.5x0=0.25v, +0.5v,

Multiply this equation by 4:

6=v,+2v, 1)
Using Newton’s law of restitution:

l Vv

2 6-0

=3=v,-v, ?2)

Add equations (1) and (2):
9=3v,

=>v,=3

Substituting this value into equation (1) gives:
6=v +2x3

=v,=0

After the collision, 4 is at rest and B moves at 3ms .
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2 b Using conservation of linear momentum for the system (—):
2x4+4+3x2=2v, +3v,
=14=2v, +3v, (0]

Using Newton’s law of restitution:

025="2"1
4-2
=05=v,-v, ?2)

Multiply equation (2) by 2 and add to equation (1):
15=>5v,

=>v,=3

Substituting this value into equation (1) gives:

14 =2y, +3x3
=W :2:2.5
2

After the collision, 4 and B move with speeds of 2.5ms " and 3ms ™" respectively.

¢ Using conservation of linear momentum for the system (—):
3x8+1x(=6)=3v, +1v,
= 18=3v,+v, a
Note that in deriving equation (1) the speed of particle B appears in the equation as —6 because it is

directed to the left in the diagram.

Using Newton’s law of restitution:

l_ Vo=V
7 8—(-6)
=2=v,-v, ?2)

Subtracting equation (2) from equation (1) gives:
16=4v,
=>v,=4

Substituting this value into equation (1) gives:
18=3x4+v,

=>v,=6
This answer may be checked by using equation (2).

After the collision, 4 and B move with speeds of 4ms ™' and 6ms™' respectively.
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2 d Using conservation of linear momentum for the system (—):
0.4x6+0.4x(-6)=04v, +0.4v,
=>0=v+v, 1))

Using Newton’s law of restitution:

2_ Vo=V VoW

3 6-(-6) 12

=>v,-v,=8 2)

Adding equations (1) and (2) gives:
2v,=38

= v,=4

Substituting this value into equation (1) gives:
v,=—4

After the collision, the speeds of 4 and B are 4ms ', and both particles change direction.

e Noting that the particle moving in the opposite direction (i.e. to the left) has a negative velocity in
the equation, using conservation of linear momentum for the system (—):

Sx3+4x(=12)=5v, +4v,
=-33=5v,+4v, 1))

Using Newton’s law of restitution:

l_ Vo—Vi Va7V

5 3-(-12) 15

= 3=v,-v ?2)

Multiply equation (2) by 5 and add to equation (1) to obtain:
-18=9v.
2

= v,=-2

Substituting this value into equation (1) gives:

—-33=5v,-8
—25=5v1
= v =-5

This answer may be checked by using equation (2).

After the collision, the speeds of 4 and B are 5ms ' and 2ms ™' respectively, and both particles
move to the left, i.e. particle 4 changes direction in the collision.
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3 a Draw a clearly labelled diagram

Before collision After collision
4ms™! 2.5ms! 2ms! yms !
O O O O

A (1kg) B (2kg) A (1kg) B (2kg)

Using conservation of linear momentum for the system (—):
Ix44+2x25=1x2+2v

9=2+2v

2v=T7

=>v=35

Speed of B after the collision is 3.5ms .

b Using Newton’s law of restitution:

,_ V=2 _35-2 15 _
4-25 4-25 15
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4
Before collision After collision
4ms™! 6ms ! Vi V)
O O O O
A (2kg) B (6kg) A (2kg) B (6kg)

Using conservation of linear momentum for the system (—):
2x4+6x(=6)=2v,+6v,
= —l4=v,+3v, 1))

Using Newton’s law of restitution:

l_ Vi=vi _ W,V

5 4-(-6) 10

= 2=v,-v ?2)

Adding equations (1) and (2) gives:
-12=4v,=>v,=-3

Substituting this value into equation (2) gives:
2=-3-v=>v,=-5

After the collision, the speeds of 4 and B are 5ms ' and 3ms ' respectively, and both particles move
in the direction sphere B was moving before the impact.

The impulse of sphere B on sphere 4 = change in momentum of sphere 4
=2x(-5)-2x4=-18Ns

The impulse of sphere 4 on sphere B = change in momentum of sphere B
=6x(-3)-6x(—6)=18Ns

Spheres 4 and B experience equal and opposite impulses of magnitude 18 N's.
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5
Before collision After collision
u u % At rest
O O O O
P (2m) 0 (3m) P (2m) 0 (3m)

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

2mu—3mu=2mv+3mx0

—mu =2my
u

Sv=——
2

After the collision, particle P changes direction and has a speed of 0.5u ms

Using Newton’s law of restitution:
0-v L1

_u—(—u)=2u_4

6
Before collision After collision
3u u Vi %)
O O O O
A (m) B (2m) A (m) B (2m)

Using conservation of linear momentum for the system (—):
mx3u+2mxu=my, +2my,

= v, +2v,=5u (cancelling out the common factor m) (1)

Using Newton’s law of restitution:

v, =V v, =V
e=—2_ 172 "

3u—u 2u
=v,—v,=2ue ()

Adding equations (1) and (2) gives:
3, =u(5+2e) = v, = %(5+2€)

Substituting into equation (1) gives:
%(5 +2e)—v, =2ue
3v, = 5u +2ue —6ue = u(5—4e)

=V =%(5—4€)
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7
Before collision After collision
2u 3u Vi V2
—> «— «— —>
A (m) B (m) A (m) B (m)
Using conservation of linear momentum for the system (—):
mx2u +mx(=3u) =m(-=v,)+mv,
= Vv, =V, =—U (cancelling out the common factor m) 4}
Using Newton’s law of restitution:
e -(=v) _hty
2u+3u Su
= v, +v,=5ue )
Adding equations (1) and (2) gives:
2v, =—u+5eu = v, = %(Se— 1)
u
As v, >0, E(Se— >0
1
And as u>1:>(5e—1)>0:>5€>1:>e>g
Note that subtracting equation (1) from equation (2) gives:
u
2y, =Seu—(-u) = v, = E(5e+ 1)
So v, >0 for any value of e as required.
8 a
Before collision After collision
u At rest \ 0.3u
O O O O
A (m) B (km) A (m) B (km)

Using conservation of linear momentum for the system (—):
mu = mvy+ km0.3u

= v=u(1-0.3k) (cancelling out the common factor m)
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8 b Using Newton’s law of restitution:

03u—v
=e
u—>0
So using the result from part a
0.3u—u(1-0.3k)=eu

=e=0.3k-0.7

As 0 <e <1, therefore 0<0.3k—-0.7 <1
=0.7<03k<1.7

= 7 <k < 7
3 3
Before collision After collision
2u u v ku
O O O O
A (m) B (3m) A (m) B (3m)

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

2mu + 3mu = vim + 3kmu

= v=u(5-3k) (cancelling out the common factor m)
Using Newton’s law of restitution:

ku-v

2u—u

So using the result from part a
ku—u(5-3k)=eu
—>e=4k-5

As 0 <e <1, therefore 0 <4k-5<1

—5<4k<6

:>é <k<§
4 2
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10a
Before collision After collision
P (m) 0 (3m) P (m) 0 (3m)

Using conservation of linear momentum for the system (—):
mx4u +3mx2u = mv, +3mv,

= 3v,+v, =10u (cancelling out the common factor m) 4}

Using Newton’s law of restitution:
v,= Vv _V,—V
4u 2u 2u
=v,—v,=2ue ?2)

Adding equations (1) and (2) gives:
4v, =10u + 2ue

:>v2=%(10+2e)=%(5+e)

b Substituting into equation (1) gives:

37”(5+e)+v1 =10u

2v, =20u —15u —3ue

=, =%(5—3e)

¢ The direction of motion of P is unchanged provided that %(5 -3e)>0, 1e e <§

This must be the case as 0 <e <1

d Change of momentum of QO =3m(v, —2u)

=3m 5_u+e_u_2u
2 2

:3’n_u(1+ )

As impulse of P = change in momentum of Q, this gives:
2mu = Smu (I+e)
2
l+e= i
3
=e=

1
3

© Pearson Education Ltd 2018. Copying permitted for purchasing institution only. This material is not copyright free. 9



Further Mechanics 1 SolutionBank

Challenge
Before collision After collision
2ms
P (3m) 0 (m) P (3m) 0O (m)

Using conservation of linear momentum for the system (—):
3mx2+mx(—u)=3mv+2my

= Sv=6-u (cancelling out the common factor m) 1)

Using Newton’s law of restitution:
I 2v—v

4 2+u

= 4v=2+u ?2)

Eliminating v from equations (1) and (2) gives:
6-u 2+u
5 4
So 24-4u =10+5u
14 =9%u

14
Su=—
9
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