Exercise 19A: Solutions
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Ta Whent=0,z=12.
12 cm to the right of O

b Whent=5az=>5"—7x5+12

=2
2 cm to the right of O
c _dz
Rr7
=2t -7

Whent =0,v = —T.
Tcm/s to the left

d v=0when2t—7=0

t=235

When ¢t = 3.5,

=352 _7x35+12
— _0.25

t = 3.5; the particle is 0.25 cm to the left of O.

change in position

e Average velocity = —
change in time

2—-12
D
= —2cm/s

dist t lled
f  Average speed — stance travelle

change in time
For the first 3.5 s, the particle has travelled 12.25 cm.

From 3.5 s to 5 s, the particle has travelled 2 — (—0.25) = 2.25 cm.

12.25 + 2.25
Average speed — +
145
5
=29cm/s
dx
2 - —
d v i
=2t—7
v=0when2t - 7=0
t=23.5s
dv
b = —
T
= 2m/s?

¢ Whent =0,z = 10.
Whent =35z =352—-7
x 3.5+ 10
= —2.25
For the first 3.5 s, the particle has travelled 12.25 m.
Whent=52=5>—7x5+10
=0
From 3.5 s to 5 s, the particle has travelled 2.25 m.



Distance travelled = 12.25 + 2.25

=14.5m
v=2%-T=-2
2% =5
t=25
r=25 _7Tx254+19

=-125
After 2.5 s, when the particle is 1.25 m left of O.

Whent =0,z = —3.
U—@

- dt

—3t2 — 22t 4+ 24
Whent = 0,v = 24.

3 cm to the left of O and moving at 24 cm/s to the right.

_dz
VS d
—3t2 22t 4+ 24
v = 0when

3t2 929t 1 24=0
(3t—4)(t—6)=0

t=—orb6
301’

4
After 3 s and after 6 s

4
Whent = —,
3
K] 2
_ (4 11 4 24 4 3
£Ir = 3 — > 3 —|— > 3 —
64 176 3
- — x> 4132_3
7 9 37T
464
——— 199
97 T
29
=11 ==
27
When t = 6,
T=6"—11x62x6—3
—_39

39 cm to the left of O and 11 % cm to the right of O

v < Owhen (3¢t —4)(t—6) =0
This is a parabola with a minimum value.
4
U<Uwhen§<t<6
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dv

{IZE
— 6t — 22 m/s?
6t —22=10
22 11
t:—:—
6 3
v=3t> — 22t + 24
2
11 11
=3 — | —22x —+24
(3) Ay
121 242
=— — —+24
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The acceleration is zero after 35 when the velocity is 16 3 cm/s to the left and its position is 13 — cm left
of 0.
v=6t2 — 10t 4
When v = 0:
6t — 10t +4=10
32 —5t+2=0
3t—-2)(t-1)=0
2
t=_—orl
3 Of
a=12{ - 10
2
t=—:
3
2
—12x — —10
a X3
= -2
t=1:
a=12x1-10
=2

o 2 o .
Velocity is zero after 38 when the acceleration is 2 cm/s2 to the left, and after 1 s when the acceleration is
2 cm/52 to the right.

a=12t—10
=0
10
t_

12

5
6
. 5
Find v whena = E:

v="6t2 — 10t + 4
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Acceleration is zero after e at which time the velocity is r cm/s to the left.

5 The particle passes through O when z = 0.
3 — 1312 4 46t — 48 =0
Trial and error will give = 0 when ¢t = 2.
This means (¢ — 2) is a factor of ¢ — 13¢2 4 46¢ — 48.
2 — 1342 + 46t — 48
= (¢t — 2)(2 — 11t + 24)
=0
Factorising the quadratic gives
(t—2)(t—-3)(t—8)=0

t=2,301r8
dr
YT
= 3t2 — 26t 4 46
_dv
“Ta
= 6t — 26
t=2:
v=3x4—26 x2+46
=6 cm/s
a=06x2—26
:—14cm2fs
t=3:
v=3x9—26 x3+46
= —5cm/s
a=606x3—26
— —8cm?/s
t=28:
v=23x 64 —26 x84+ 46
=30 cm/s
a="06x8—26
— —22 cm?/s

6 a They will be at the same position when
292t —2=t42

2 _3t_-4=0
(t—4)(t+1)=0
t=4or —1

After 4 s, or 1 s before the start.

(Note: In some cases, motion is not considered before ¢ = 0, and negative values of ¢t may be discarded.)



b Thevelocities are 1 cm/s and 2¢ — 2 cm/s.
20—-2=1
2t =3



