Chapter 3 Dynamics

3 Dynamics ,

Self Evaluation Exercise 3.2 (.112)

1.

B
By Newton’s second law,
F=ma
Given a mass m, when the acceleration is constant, the
resultant force is constant.

D

d
F=2

= (mv)

Rate of change of momentum
=4kgmsZper2s
=8kgms”pers

D
By Newton’s third law, there is a force F acting
onY.
F = Ma,
M= Ma,

d .
F & (mv)
mv = | Fdt
" Area under the graph represents the change of
momentum.
Also, by dimensional analysis, the area under the
curve has a unit of [F][#] = MLT™". Only option C
is correct.

1
s=ut+ ISN
2

60=0+ wiéw

a=12ms”
F—mg=ma
=5x(1.2+10)
=56N

As the speed is kept constant, an increase in mass
indicates that there is an increase in momentum, so an
additional force is required.

d
F=2
= (mv)

Since v is constant, -
F=ydm
dt
=1.5x20
=30N

Self Evaluation Exercise 3.3 (p.118)
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2.

D
C

Self Evaluation Exercise 3.5 (p.124)

1.

B

If the collision is inelastic, the particle loses all of its
kinetic energy. However, the principle of conservation
of momentum still applies.

D

In a collision, whether it is elastic or not, momentum is
always conserved provided that there is no external
force acting on the system. For elastic collision, both
kinetic energy and total energy are conserved.

A

Since the mass of the shells is negligible when
comparing to the mass of the earth, the change of
momentum of the earth is negligible.

after
collision

By conservation of momentum, the speed of the body ¥
after collision is:
mu —my = my
Vi=u—v

The velocity v' of body Y is opposite to velocity v.

Self Evaluation Exercise 3.6 (.136)

1.
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For the graph, —- 4

meh g

mghy,
It means that after each bounce, only 0.8 of the original
energy is left.
After three bounces, its energy = (0.8)° mgh
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2. A 2.
Let M be the mass of the piece of brass.
In case X,
V' =1’ +2as (Assume that a is constant.)
(10)*= 0%+ 2as

100
§=—
2a 3.
Energy = Fs = Mas = 50M J kg™'
In case ¥,
Energy = Mgh
= M(10)(2)
=20MJ kg™
In case Z,

Energy = Mc AT
= M(380)(20 — 15)
=1900MJ kg’ 4.
Y<X<Z

3. C
Assume that the acceleration is constant, then
V=1’ + 2(~a)s

ou%lwﬁmv
m
2x(500x10%)

1600
25ms™

4, The total momentum of the stone and the earth is always
zero as there is no external force.
The attraction forces between the stone and the earth are
internal forces:

mu = Mgy

As the downward momentum of the stone increases, the
upward momentum of the earth increases. Thus, the S.
total momentum is zero.
However, since the mass of the earth Mg is very large,
the speed of the earth is extremely small.

Review Exercise 3 (p.139)

There does not exist a type of force called “centripetal
force”. In fact, it is just a term used to describe the force
required to maintain circular motion.

Even such a force exists, by Newton’s third law, an
action and reaction pair always acts on two different
objects.

- 26 —

C
Area under the graph = Change in momentum

B+ 5)(x)
2

40 =

x=10

D
Gain in momentum

I

Area under the graph _
_ (4+6)10)

2 |
=50Ns !
After time = 6 s, the force acts on the mass is zero, so its
momentum remains at 50 N s afterwards.

B

mg
T sinf=ma
T cos@=mg

tanfg= il
g

_ 05
9.8
6=2.92°
~ 3°

muy = mv; + 14mv,
b = mu, — 14mv,
m
= Uy — Hh;\w
I 5, 1 5 1 2
—mu = —mv;"+ —(14m) v
N 1 N 1 NA v 2 ,
ul=v?+14v) . ) |
vii=u’ = 14vy .. ) ‘
() — 14v,)* =u® — 14vy? (from(1)) ‘
—28u1v; + 196v,% = —14v,*

NHOa\N "NWN\:
2
Vo = U
15
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10. (a) mu=mv=MV....... (D
WEQNH WE%._. m.sw
2 2 2
(b) v=V-u
By (1), mu =mv+ MV
mu =myv+ My + u)
b= (m— M)u
m+ M
1
—mu? -~ HE%
Fractional loss = 2 1 2
— mu?
2
_ u? — 2
QN
2
2 m — »\K
u —|——u
_ m+M
u?
— H _ N\N - : 2
m+ M
_ _AMm
(M +m)?
() When M = 50m
Fractional loss = |AGo§|v§N
(50m + m)
_ 200
(s51)°
=0.076 9
C. @,,,Qﬁammm & HKALE

Guestions

11. (a) (i) The linear momentum of a body is the
product of its mass and its velocity.

(i) It is a vector quantity.

The principle of conservation of linear momentum

states that when objects of a system interact, their

total momentum before impact is equal to their

total momentum after impact, if no net external

force acts on the system.

(i) Momentum of plasticine,

(b)

(c)

p=mv

=0.20x 8.0

=1.6Ns
The momentum of the plasticine is completely
transferred to the ground (the earth).
The kinetic energy of the plasticine is
dissipated as heat and sound.

12. (a)

(b)

(c)

(@)

(e)

(i) myuy + mouy=myvy + movy
(1.00u)(6.50 x 10°) + (12.002)(0)
= (1.00u)v; + (12.002)(1.00 x 10°)

Velocity of the neutron after collision

v =-550x10°ms™
i.e. 5.50 x 10° m s in the opposite direction

to the initial direction.
The total kinetic energy is conserved. i
Before letting go, the total momentum of the
magnets is zero.
After letting go, the magnets spring apart in
opposite directions, and the total momentum
is also zero.

Momentum is a vector quantity with both
magnitude and direction while kinetic energy is a
scalar quantity with magnitude only.

(i) Momentum = my

(i) Kinetic energy = W mv*
mv=24 ... (1

L2

— =45 e 2

2 my 2)

Q) : 1 v =18.75

M 2

v=375ms"

By (1): m(37.5)=24
m=0.064kg=64¢
(i) Force = Rate of change of momentum
ie. F=mv—mu
0-24
14

Time for tennis ball to stop,
t=10.040s
Distance travelled while stopping,

-60 =

(i)

1
— + V)t
s M@ V)

I

wad +0) (0.04)=0.75 m

myv — mu 4
t
mv -0 _
0.06 !
New momentum of the ball,
mv=-3.6 Ns, i.e. 3.6 N s in the opposite
direction to the initial momentum.

(i) F=

—60 =
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(d) (i) Typical range of an « -particle in air
=~ 5cm
Number of air molecules ionised
- Initialenergyof a-particle
b Approximate energy per air moleculeionised

_ 9.2x107"

5.6x107"
No of air molecules ionised per mm
_1.64x10°
T50
=3.28 x 10’ mm™*

(i) The estimate in (i) is based on a constant
energy per air molecules ionised. The
observed increase just before the o -particle is
stopped implies that the actual number of
molecules ionised per mm in the earlier part
of the range would be lower than the estimate.
Assuming that the approximate energy lost
per air molecule ionised is an average value,
the estimate in (i) is an average value which
should not be affected by the observed
localised fluctuation.

15. - 16. HKALE Questions

=1.64x 10°
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