Introduction to Mechanics (0J2)

Example Sheet 2 — solutions

1. (i) On level ground at maximum speed, speed is constant so no net force on car.
Force of engine F' must equal restive force.

F =1400 N. Power P = F'v where v is the velocity.
44000
v / 1400 31.43m/s

(ii) On incline, force of engine must equal resistive force plus component of gravity

down plane. ... F' = 1400 4+ mgsin 6.
1
Since tanf = 1/20, sin) = —— = 0.04994

/401
F = 1400 4 1100 % 9.81 % 0.04994 = 1939 N
44000 B

1
2. Kinetic energy at start = §mv2 =05%x0.1%x8%x8=32J
Change in height to halfway up = 0.5 m.
Loss of potential energy = mgh = 0.1 % 9.81 % 0.5 = 0.491 J

Kinetic energy = 2.710 J. = v = /2% 2.71/0.1 = 7.361 ms™'.
Similarly at top, loss of PE = 0.982 J so KE = 2.218 J.

= v =4/2%2.218/0.1 = 6.66 ms™'.
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Conservation of momentum:  8mu — dmu = 4mu; + Smus

= 4v; + bvy = 3u

Law of restitution: vy —v; = %(SU) =  4vy —4v; = 6u

(1) + (2) gives: vy =9u = vy =u, so v = —1iu.
et : 2 5,2 _ 212
Kinetic energy before:  2m(2u)® 4+ 5mu’® = Smu
Kinetic energy afterwards:  2m(3u)? + 2mu? = Smu?.
Change in KE is thus £mu?.
4. 3m m 3m m
Before: @ L After: [ [
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Conservation of momentum:  3v; + vy = 11u (1)
Law of restitution: vy —v; =u (2) so 4v; = 10u
Hence v; = gu and vy, = %u
Kinetic energy before:  1.3m(4u)? + 1mu?
= 24mu?+ = P
Kinetic energy afterwards: 3. 3m(3u)? + im(Zu)?
(75 +49)mu? = f(124)mu? = Fmu’ .
Change in KE is thus (49 —31)mu? = 1.18mu? = 9mu?.
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Conservation of momentum: — mu — 25m = (2m)5

Hence v = 35 > 30 so YES.
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Just before collision with the ground, by conservation of energy:
mgh = mwi  so i = 2gh.

After hitting the ground the velocity is vy = ev; upwards.

It now rises to a height hy where, by conservation of energy again we have
mghy = muv3.

2 2,,2

But hy = 2h, so wv3=nhg, and vI= %l

Hence hg = e*v? = ¢?(2gh)  and thus e =

1
2

-

Let time for the first bounce be 77 and let height be y.
At start: t =0, y =0 and u = +wv,.
Atend: t =T, y=0and v = —vs.

Acceleration a = —g.  Using v = u + at we get:
—2 h
—UVy = Vg — ng SO T1 = b2 =424/ -.
-9 9

Immediately afterwards v = v3 upwards

where v3 =evy = %'[12 =4/ —=.

e



Let time for second bounce be T5.
At start: t =0, y =0 and u = +wv;s.
At end: t =T, y=0and v = —vs.

Acceleration a = —g.  Using v = u + at we get:
—2 h
—v3=wv3—g1ly, so T)= U3:—|—2 —.
—g 29
7 h, T
hn+1
Vi Vst

If at the top of the bounce the height is h,, the speed with which it strikes the ground
next is v, where v2 = gh,, by conservation of energy.
Immediately afterwards the speed is v,.1 = ev,, upwards. It now rises to height h,, 1
where, by conservation of energy again, v2_; = ghyi1.

2,2 _

2 _
But v, | =rv, =

Hence hy = r?hg, hy = r?hy, hy = r*h3 etc.

r2ghy, 80 hpy1 = 72h,,.

Distance from drop to first hitting floor is h = hgy. Distance travelled from first hit to
second hit (first bounce) is 2h; = 2r?hg = 2r2h. Distance travelled between second
and third hits (second bounce) is 2hy = 2r?h; = 2r*h. Distance travelled in third

bounce is 2hs = 2r2hy = 2r%h etc.

Hence total distance travelled is:
h+2hy 4 2hy +2hg+ ... =h+2(ha+hs+ ha+...)

=h+2h?(1+r* 4t 40 484

2h1?
=h
+ 1—1r2

h(1 —r?) + 2hr? B (1—1—7"2) h

1—1r2 1—1r2

(Sum of geometric progression).




