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1 e HorizoNTAL LINEAR MOTION

In mechanics there are three fundamental quantities: Length (distance), mass and time.
The units in which these quantities are measured are called fundamental units. In the S
system they are:

Length: metres (m)

Mass: kilograms (kg)

Time: seconds (S)

All other quantities in mechanics are derived from some combination of these quantities.

DEerFINITIONS

Displacement (s): The distance a body is in a certain direction from a fixed point. Unit: m
Velocity (v): The rate of change of displacement. Unit: m s

Acceleration (a): The rate of change of velocity. Unit: m s

EQUATIONS OF UNIFORMLY ACCELERATED MOTION (UAM)

a4 Change in velocity v-u

_ —Vv=u+at = Eqn. 1
Time v=u-+at q
. s (Uu+v) L
Average velocity = e =s=3(Uu+v)t s=2(u+v)t| Egn.2
Substituting 1 into 2 gives:
2
S:(u+u2+at)t:2ut+at =ut+at? s=ut+iat® | Eqn.3
Squaring 1 gives:
vZ=u®+2uat+a’t’ = v’ =u’ +2a(ut+Lat’) =u’ + 2as v =u’+2as | Eqn. 4
Rewrite Equation 1 (u =v—at) and substitute into 2 gives:
2
S:(v—at+v)t22vt—at :vt—%atz s:vt—%atz Eqn. 5
2 2
SYMBOLS AND UNITS SIGNS
u = initial velocity (m s™?) S, U, v + right
v = final velocity (m s) S, u, v—left

a = acceleration/deceleration (m s2)
t = time (S)
s = displacement (m)

a + acceleration
a — deceleration

All displacements must be measured from where the body is att = 0.
These equations only hold for uniformly accelerated motion (a constant) in a straight line.
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Remember for any motion:

Total Distance

Average Speed = -
Total Time

PROBLEM SOLVING TECHNIQUES
1. Make a list of the numbers given and assign each the correct symbol (u, v, a, s, t).
2. Make sure the units are correct.
3. Choose the correct formula (1 of 5):
v=u+at (Nos)

s=2(u+v)t (Noa)

s=ut+iat® (Nov)

v =u?+2as (Not)

s=vt-1at* (Nou)
4. Solve the equations.

Example: A body starts with an initial velocity of 4 ms=. It achieves a velocity of 10 m s
after travelling 3 m. What is its acceleration?

SOLUTION

u=+4ms?

v=+10 ms™

s=+3m

a="?

No t. Use v> =u?® +2as =100 =16+ 2a(3)

=84 =06a

a=14ms™>

Example: A body achieves a velocity of 16 ms™ in 4 seconds with an acceleration of
2 ms=2. How far has it travelled? What is its initial velocity?

SoLuTION

v=+16 ms™

t=4s

a=2ms>

s=7?

No u. Use s=vt—1at’ = s=(16)(4) - (2)(16) =64-16

..8=48m

v=u+at=16=u+(2)(4)

u=8ms™
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Example: A body starts with an initial velocity of 8 m st and a deceleration of 2 m s2. At
what times is its displacement 15 m?

SoLUTION

u=8ms

a=-2ms>

t="?

s=15m

Nov.Use s=ut+iat’ =15=8t+3(-2)t°

=1t°-8t+15=0= (t-3)(t-5)=0

S t=3s,58

1.2 GrRAPHS

[A] DISPLACEMENT-TIME GRAPHS
This is a graph of displacement s against time t.

A

s (m)
6 The slope =3 =constant =,
i.e. the body is moving at a steady velocity of 3 m s,
3
t(s)

1 2

The slope at any point of a displacement-time graph is the velocity.

s (m) From 0 — 2 s the velocity is 1 m s, From 2 — 4 s the
velocity is zero. From 4 — 8 s the velocity is 0.5 m s,
From 8 — 12 s the velocity is -1 m s,

N W S

t(sg
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Mechanics (© Tony Kelly & Kieran Mills)

[B] VELOCITY-TIME GRAPHS
This is a graph of velocity against time.

From 0 — 4 s the acceleration is the slope of oa

8ms™
= =2ms?,
4s
From 4 — 8 s the acceleration is zero, i.e. the body is

moving at a steady speed.
From 8 — 10 s the deceleration is the slope of bc

-1
_8ms =4ms?2
2s

The distance travelled = area of the trapezium oabc
1(10+4)8=56 m.

N &~ O

P v (msT)

area under the curve is the distance travelled.

The slope at any point of a velocity-time graph is the acceleration and the

I AthieTics: The v-t profile of a 100 m sprinter is

1 interesting. Ideally she should accelerate out of
the blocks at her maximum acceleration up to

I her maximum speed and then maintain this all

I the way to the tape.

I StoppPinG DISTANCE (d):

Vlk

ldeal 1 Typical
100 m 100 m
10s o 10s t

I (i) The stopping distance, d, for a vehicle after the brakes of a car have been applied

depends on the initial speed of the car and the deceleration (d = %), It also depends on

the condition of the road and of the car.

I

I . . .

| (i) The actual distance depends on the reaction time of the driver (0.2 s — 0.6 s) and the
I

rate at which the brakes are applied by him.

NoTE:

(i) Areaofatriangle= 3 Base Height

(if) Area of a trapezium = £ (Sum of parallel sides)

Height
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Example: Using the displacement-time curve find R
(i) the displacement after 4s,6s, 85, 12 s, s (m)
(ii) velocity during the first 4 s, velocity during the next g
4 s and the velocity during the last 4 s,

(iii) the total distance travelled over 12 s,

(iv) average speed.

SoLuTioN t(s) .
(i) After 4s,s=8m 072 4 6 8 10 12
After6s,5s=8m

After8s,5s=8m

After 12s,5s=0m

(ii)Forthefirst4s:v:§=ﬂ=2ms‘1
t 4-0
Forthenext4s:v:§=ﬂ:0ms‘l
t 8-4
Forthelast4s:v:izﬂz—2ms‘1
t 12-8

(iii) Total distance = 16 m

Total distance 16 4
i = - —_=1.33ms™
(1v) Average speed Total time 12 3

Example: A train starts from rest and accelerates at 2 m s for 10 s. It maintains the speed so
reached for 90 s and then decelerates to rest in 20 s. Draw a velocity-time curve. From it find:
(i) the maximum velocity,

(ii) the total distance travelled, vims) T
(iii) the average speed for the journey. 0
SoLuTION /5\/
o
()a=2=%t=v=20ms™ v v
(i) s=2(120+90)x20=10(210) =2100 m=2-1km t(s)
+—rt—r¢————> "

Total distance 2100 10s Ns 20s

Total time 120

=17-5ms™

(iii) Average speed =
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NuMERICAL PROBLEMS

UNIFORMLY AcCELERATED MoTioN (UAM)
1. (@) Initially at rest,a=6 ms=,t=4s. Find the displacement.

(b) Initial velocity =7 ms?, a=5ms? t=4s. Find the final velocity.

(c) Initial velocity =2 m s, final velocity = 7 m s, t = 10 s. Find the displacement.

(d) Final velocity =14 ms? a=3ms? t=3s. Find the initial velocity.

(e) Displacement =40 m, final velocity = 6 m s, t = 8 s. Find the initial velocity.

() a=1ms> final velocity = 36 km h™, t = 2 s. Find the initial velocity.

(g) Deceleration =4 m s?, final velocity = 9 m s, t = 3s. Find the displacement.

(h) Displacement = 60 m, initial velocity = 4 m s, final velocity = 8 m s*. Find the time.
(i) Initial velocity =10 m s, a=2ms? s =24 m. Find the time.

(j) Displacement =51 m, initial velocity = 20 m s*, a = -2 m s=2. Find the final velocity.

2. Acaristravelling at 162 km h=. The brakes are applied and the car decelerates to 36 km/h in
14 s. What is the deceleration in m s,

3. Thedriver of a car slams on his brakes when he sees a tree blocking the road. The car slows
uniformly with a deceleration of 5-3 m s2 for 4 s, making skidmarks 61 m long . What is the
speed of the car as it hits the tree?

4. A motorist is travelling at 14 m s* through Yellowstone National Park. He sees a bear 38 m
ahead. If the maximum deceleration of the car is 4-8 m s what is the maximum reaction
time the motorist can allow himself if he is to avoid hitting the bear?

GRAPHS
5. For the displacement-time curve find
(i) the displacement attimesof2s, 3s, 45,
5s,6sand8s,
(i1) the average velocity from0sto 2 s,
(iii) the velocity at times 4 sand 6 s,
(iv) the average speed from times 4sto 6 s, 4
(v) the average speed from times 6 sto 8,
(vi) the total distance travelled after 8 s, 0
(vii) the average speed for the whole journey.

t(s)
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6. A body starts from rest and accelerates to 6 m s in 3 seconds. It then travels at this speed
for a further 12 s and then decelerates to rest in 2 s. Sketch a v-t curve and from it find
(i) acceleration,
(if) deceleration,
(iii) total distance travelled,
(iv) average speed for the journey.

7. Asprinter’s velocity-time profile is shown. vims? 1
He reaches his maximum speed in 1-8 s. If the
distance covered is 100 m and the total time is

10 s find
(i) the maximum speed,
(ii) the acceleration. tie,
18s 10s
8. Use the following graphs to answer the questions below.
@) ?‘)a; 2 m s find Avims)
i) time
’ 40
(i) distance.
tls)
(b) Find v kmh)
(i) the acceleration in m s, 36
(i) distance in m.
t(s)
O 0
(¢) Find N .
(i) the deceleration, vims’)
(ii) the distance. 8
t(s)
0 16

9. (a) Ifthe acceleration is 6 m s~ and the
deceleration is 3 m s and the maximum speed
is 18 ms™, find t, and t,. Find t, if the total
distance is 240 m.

v (m s

(b) If the acceleration is 2 m s and the maximum
speed is 10 m s and the deceleration is
5ms~find t, and t,. If the distance covered is t t, t
250 m, find t..
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ANSWERS

Uniformly accelerated motion (UAM) 6.

1. (@ 48m
(b) 27 ms*t
(c) 45m
(d 5ms?

(e) 4ms? 7.

() 8ms?
() 45m

(h) 10s 8.

@i 2s
() 14mst

2. 25ms3 9.

3. 465mst
4. 1265

Graphs
5 (@) 4m4m,4m,8m,8m,0m
(i) 2ms?
(ii)0Oms?t, 0mst
(iv)2ms?
(V) “4mst
(vi) 16 m
(vi)2ms?

(i) 2ms=?
(i) 3ms?
(iii) 87 m
(iv)5-1ms?

(i) 11ms?
(i) 61 ms?

(@) (i) 20's, (ii) 400 m
(b) (i) 1 ms2, (ii) 50 m
(c) (i) —0-5m s, (ii) 64 m

(@ 3s,6s,883s
(b) 5s,25,2155s




