Exercise 19D: Solutions

"~

1 Draw the velocity-time graph.
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Distance travelled = area under graph
1
=—x10x13
2
=65m

2 Draw the velocity-time graph.

.

a The area can be calculated using the trapezium formula, or as the sum of two triangles and a rectangle.
1
A= E(a + b)h
1
= 5 % (25+50) x 15
= 562.5m

b A= %(a-i-b)h

1
=5 x (25+35) x 15
— 450 m

¢ Let the halfway point be at time T as below.
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1 562.5
3 ¥ 10x 15+ 15(T ~ 10) = ——

75+ 15T — 150 = 281.25
15T = 356.25
T=23.75s

v (mfz)
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Since the total distance travelled is 1 km or 1000 m, the combined areas of the two triangles will equal a distance
of 500 m.



1 1
—><5xh+§><10><h:500
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5h 4+ 10h = 1000

15k = 1000
1000
h=—o

15

_ 66 2
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2
Maximum speed = 66 3 m/s

4 36km/h=36=3.6
=10 m/s.
72km/h = 20 m/s.

v (m's)

1
Distance:A:lelU—l—E »x 6 x 10
=210m

5 60km/h =60 3.6

:?mg’s

v (m/s)
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1 50
a Distance=A = — x 60 x —

2 3
= 500 m

. 1 50 25
b Distance = A4 = Ex (?—i—?) x 30

=375 m

¢ Letthe required time be T's.
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It is easier to work with the triangle on the right.

This triangle will have area
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a

b

=500 =2
= 250

Its base = (60 — T)

The sloping line has gradient

50
=—""=:60
3
50 5

180 18

5
.. the triangle’s height = 18 (60— 1)

1 5
2 % (60 —T) x = (60 — T) = 250
5
26 (60 - T)? = 250
(60 — T)% = 250
36

*5

= 1800

60 — T = 4/1800
5 42.43
T~ 17.57Ts

Let the common time be T s and the distance x m.

¥ (mi's)

For the first car, £ = 15¢
For the second car,

1
$=§x10x25+25(t—10)

= 125+ 25¢ — 250
= 25t — 125
= 15t
10t =125
t=125s

r = 15¢
=15x 125
=187.5m

20




b The particle moves to the right for the first 10 seconds. Its position at time ¢ is given by
s = 20t — t2
It slows for the first ten seconds. At time ¢ = 10, it is 100 m to the right of its starting point. It then heads to the
right for 4 seconds. When t = 14 it is 84 m from its starting point.

¢ Total distance travelled = 100 + 16 = 116 m.
d Itis 84 m to the right of its starting point.
8 a For the first ten seconds of motion

-0

B 2
0o Lm/s

acceleration =

b Fromt=20tot = 30the

. —15—-10 5 2
acceleration= —— = —— m/s
30—20 2

, , . 5 . .
¢ The equation of the line through (20, 10) and (30, —15) isv — 10 = — E(t — 20) which can be written as

3
= ——t + 60.
v 2 +

Whenv =0,t = 24
Distance travelled in the first 24 s = 5(10 + 24)

= 170m
Distance travelled in next 6 s = 3 x 15
—45m
.. total distance — 45 + 170
= 215m

d Displacement = 170 — 45 = 125 m to the right of its starting point.
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Let (7", 20) be the point at which the constant acceleration ends. The motion ends at (20, 0).
Considering the area of the trapezium:
5(20 + (T — 5)) = 160

ST —15=32
ST =17
10 10
b leration = — > ns?
acceleraton 17 — 20 3 m/s

10 Convert the speeds to km/min.
60 km/h = 1 km/min

80 km/h = % km /min

Treat each train separately.
The first train:
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A

The second train:

LS Y

First train distance
1
:5><1+§><2.5><1

= 6.25 km
s . 4
Second train distance = 2 R I 3

=6 km
Since the trains have together travelled less than 14 km, they will not crash.

11a The maximum speed will be the height of the triangle.
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50h = 800
h =16
Maximum speed = 16 m/s
=16 x 3.6
=57.6km/h

b The slope of the deceleration is twice as steep as the slope of the acceleration.
Since the heights are equal, the acceleration run will be twice as long as the deceleration run.

2
T=—-x100
3)(

2
:ﬁﬁgs

2
= 1min 6 3 seconds



¢ Taking the acceleration section,

2

the gradient — a = 16 + ﬁﬁ§
48
200

=0.24 m/s?



