Motion In one
dimension

Introduction B3 ESAGS

This chapter is about how things move along  Traffic often moves along a straight line.

a straight line or, more scientifically, how

things move in one dimension. This is useful FACT

for learning how to describe the movement The jerk is the name

(motion) of cars along a straight road or of we give to how fast

trains along straight railway tracks. There are the acceleration is

three features of motion that we use to de- changing.

scribe exactly how an object moves. They
are: Photograph by warrenski on Flickr.com

1. position which tells us about an object’s location or displacement which tells us
about change of location

2. speed which tells us how fast the object is moving or velocity which tells us how fast
the object is moving and where it is moving to, and

3. acceleration which tells us exactly how fast the object’s speed and velocity are chang-

ing.

See introductory video: (® Video: VPgiq at www.everythingscience.co.za)

Reference frame B3 ESAGT

The first thing to focus on when studying motion of an object or person is their position.
The word position describes your location (where you are). However, saying that you
are here or there is meaningless, you have to use known points (reference points) to help
specify your position.
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21.2 CHAPTER 21. MOTION IN ONE DIMENSION

For example, if you were in a
classroom and wanted to tell

a classmate where you were Describing your location

standing you would first give
them a reference point. The ref-
erence point might be the class-
room door. You would then be
able to say that you are 2 m
from the doorway. This still
doesn’t give your position pre-

cisely. We need to provide a :
reference point and a coordi- Photograph by chokola on Flickr.com
nate system to use to define the

location precisely.
Then you can say that you are, for example, 2 m from the door directly inside the classroom.

The classroom door is a reference point and inside/outside is the coordinate system you
have chosen. A frame of reference or reference frame is reference point which serves as
the origin for a coordinate system. The coordinate system can be up or down, inside or
outside, left or right or even forward or backward. These are all examples that define a 1-
dimensional coordinate system. We choose one of the directions as the positive direction.

DEFINITION: Frame of reference

A frame of reference is a reference point combined with a set of directions.

A graphical representation of a 1-dimensional frame of reference:

negative (-) direction : positive (+) direction
| T
@ T

——— ¢

origin

Figure 21.1: Frame of reference

You can define different frames of reference for the same problem but the outcome, the
physical results, will be the same. For example, a boy is standing still inside a train as it
pulls out of a station. Both you and the boy define your location as the point of reference
and the direction train is moving as a where you are standing as the point of reference and
the direction the train is moving in as forward.
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You are standing on the platform watching the train move from left to right. To you it looks
as if the boy is moving from left to right, because relative to where you are standing (the
platform), he is moving. According to the boy, and his frame of reference (the train), he is

not moving.

A frame of reference must have an origin (where you are standing on the platform) and
at least a positive direction. The train was moving from left to right, making to your right
positive and to your left negative. If someone else was looking at the same boy, his frame
of reference will be different. For example, if he was standing on the other side of the
platform, the boy will be moving from right to left.

boy is standing still train moving from left to right

—

| H H F
QOO0 OO0 OO

From your frame of reference the boy is moving from left to right.

A boy inside a train which

is moving from left to right
negative direction (towards your left) : positive direction (towards your right)
Where you are standing
on the platform
(reference point or origin)

For this chapter, we will only use frames of reference in the z-direction. By doing this we
restrict ourselves to one dimensional motion. We can use the sign of the position value

(positive or negative) to indicate the direction relative to the origin.

DEFINITION: One dimensional motion

An object is constrained to move back and forth along a line.

For example the blue dot in the figure below can only move along the z-axis.

ori:gin . v
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Position g3 ESAGU

DEFINITION: Position

Position is a measurement of a location, with reference to an origin.
Quantity: Position (x) Unit name: metre Unit symbol: m

A position is a measurement of a location within a reference frame. This means that posi-
tions can be negative or positive depending on the choice for the reference frame’s coordi-
nate system. (® See video: VPgmf at www.everythingscience.co.za

Depending on which reference point we choose, we can say that the school is 300 m from
Kosma'’s house (with Kosma's house as the reference point or origin) or 500 m from Kevin's
house (with Kevin’s house as the reference point or origin).

N AN A AN A 2N\

School Komal Kholo Kosma Kogis Kevin Shop

100 m 100 m 100 m 100 m 100 m 100 m

The shop is also 300 m from Kosma’s house, but in the opposite direction as the school.
When we choose a reference point, we have a positive direction and a negative direction.
If we choose the direction towards the school as negative, then the direction towards the
shop is positive. A negative direction is always opposite to the direction chosen as positive.

Kosma'’s house

School (reference point) Shop
1 1 1 ! 1 J x (m)

L] L] L] L] L]
—300 —200 —100 O +100 4200 +300
The origin is at Kosma’s house and the position of the school is —300 m. Positions towards
the left are defined as negative and positions towards the right are defined as positive.

Note that we could also choose the positive direction to be towards the school. In this case

Kosma'’s house is still 300 m away from the school, but it is now in the positive direction.
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Kosma'’s house
School (reference point) Shop

| | |

— 4 @ (m)
+300 +200 +100 0 —100 —200 —300

The origin is at Kosma’s house and the position of the school is +300 m. Positions towards
the left are defined as positive and positions towards the right are defined as negative.

Group Discussion: Reference points

Divide into groups of 5 for this activity. On a straight line, choose a reference
point. Since position can have both positive and negative values, discuss the
advantages and disadvantages of choosing

1. either end of the line,
2. the middle of the line. (This reference point can also be called “the ori-
gin”.)

Stand in a straight line, take turns choosing a different group member as the
origin. Let the group member choose which direction along the line is positive.
Everyone should then try to define their position. You don’t need to measure
your position very precisely but can just approximate it. It is important to
understand whether your position is positive or negative for each difference
origin and choice of coordinate system.
Notice that your position is different every time but that you didn’t actually
move. How you write an answer might be affected by the choice of a coordi-
nate system but physical processes should never be affected.

Exercise 21 -1

1. Write down the positions for objects at A, B, D and E. Do not forget the
units.

reference point
A B | D

-4 -3 -2 -1 0 1 2

w4+ m
N

2. Write down the positions for objects at F, G, H and J. Do not forget the
units.
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Tip

The symbol A is read
out as delta. A is
a letter of the Greek
alphabet and is used
in Mathematics and
Science to indicate a
change in a certain
quantity, or a final
value minus an initial
value. For example,
Az means change in
z while At means

change in t.

21.2 CHAPTER 21. MOTION IN ONE DIMENSION

reference point
G | H J

2 1 0 -1 -2 -3 -4

w4+

3. There are 5 houses on Newton Street, A, B, C, D and E. For all cases,
assume that positions to the right are positive.

20 m 20m 20m 20m

a. Draw a frame of reference with house A as the origin and write down
the positions of houses B, C, D and E.

b. You live in house C. What is your position relative to house E?

c. What are the positions of houses A, B and D, if house B is taken as
the reference point?

More practice @ video solutions @ or help at www.everythingscience.co.za

(1.) 009g (2. 009h (3.) 009i

Displacement and distance g3 FSAGV

DEFINITION: Distance

Distance is the total length of the path taken in going from the initial posi-
tion, &;, to the final position, Z;. Distance is a scalar.
Quantity: Distance (D)

Unit name: metre Unit symbol: m

In the simple map below you can see the path that winds because of a number of hills from
a school to a nearby shop. The path is shown by a dashed line. The initial point, Z;, is the
school and the final point, ¢, is the shop.
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7 N
’ \
Distance is the length of dashed line. It is )/ ) //’\\\
how far you have to walk along the path from (// ” // \
the school to the shop. Start I / Finish
(School) l\\ /,/ (Shop)

DEFINITION: Displacement

Displacement is the change in an object’s position. It is a vector that points
from the initial position (;) to the final position (7).
Quantity: Displacement (AZ)

Unit name: metre Unit symbol: m

The displacement of an object is defined as its change in position (final position minus
initial position). Displacement has a magnitude and direction and is therefore a vector. For
example, if the initial position of a car is #; and it moves to a final position of Z, then the
displacement is:

A =iy —

To help visualise what the displacement vector looks like think back to the tail-to-head
method. The displacement is the vector you add to the initial position vector to get a vector
to the final position. However, subtracting an initial quantity from a final quantity happens
often in Physics, so we use the shortcut A to mean final - initial. Therefore, displacement

can be written:

NGRS

The following diagram illustrates the concept of displacement:

o
¢ 5l

Uy

For example, if you roll a ball 5 m along a floor, in a straight line, then its displacement is
5 m, taking the direction of motion as positive, and the initial position as 0 m.

Displacement does not depend on the path travelled, but only on the initial and final
positions. We use the word distance to describe how far an object travels along a particular
path.
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Tip

The words initial and
final will be used very
often in Physics. Ini-
tial refers to the sit-
uation in the begin-
ning of the descrip-
tion/problem and fi-
nal to the situation at
the end. It will often
happen that the final
value is smaller than
the initial value, such
that the difference is
negative. This is ok!
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If we go back to the simple map repeated below you can see the path as before shown by

Tip
a dashed line.

We will use D in this . . . . -
Distance is the length of dashed line. The dis- s

book, but you may o _ ) / \ -

see d used in other plac.eme'nt is flllfferent. Dlsplaceme':nt is t'he /,’ | N

books straight-line distance from the starting point ’ | / \

. “«—— | s e
to the endpoint — from the school to the shop Start I / Finish
. /
Tip in the figure as shown by the solid arrow. (School) \_ 7 (Shop)

® See video: VPgmo at www.everythingscience.co.za
We use the expres-

’

sion “as the crow flies
to mean a straight line lllustration of distance and displacement
between two points
because birds can fly

If we use the same situation as earlier we can explore the concepts in more detail. Consider

directly over man . .
i v our description of the location of the houses, school and the shop.

AN A\ A~ N\

School Komal Kholo Kosma Kogis Kevin Shop

obstacles.

100 m 100 m 100 m 100 m 100 m 100 m
Komal walks to meet Kevin at his house before walking to school. What is Komal’s displace-
ment and what distance did he cover if he walks to school via Kevin’s house?

Komal covers a distance of 400 m to Kevin’s house and another 500 m from Kevin’s house
to the school. He covers a total distance of 900 m. His displacement, however, is only
100 m towards the school. This is because displacement only looks at the starting position
(his house) and the end position (the school). It does not depend on the path he travelled.

To calculate his distance and displacement, we need to choose a reference point and a
direction. Let’s choose Komal’s house as the reference point, and towards Kevin’s house as
the positive direction (which means that towards the school is negative). We would do the

calculations as follows:

Distance (D) = path travelledisplacement(AZ) = 7y — &;
= 400 m+ 500 m = —100m+40m
= 900 m = —100m

= 100 m (in the negative x direction)

Very often in calculations you will get a negative answer. For example, Komal’s displace-
ment in the example above, is calculated as —100 m. The minus sign in front of the answer
means that his displacement is 100 m in the opposite direction (opposite to the direction
chosen as positive in the beginning of the question). When we start a calculation we
choose a frame of reference and a positive direction. In the first example above, the refer-
ence point is Komal’s house and the positive direction is towards Kevin’s house. Therefore
Komal’s displacement is 100 m towards the school. Notice that distance has no direction,
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but displacement has a direction.
Kevin walks to school with Komal and after school walks back home. What is Kevin's
displacement and what distance did he cover? For this calculation we use Kevin’s house as
the reference point. Let’s take towards the school as the positive direction.

Distance

(D) = path travelled Displacement(AZ) = &y — &;
= 500 m+ 500 m = 0m+0m
= 1000 m = 0Om

It is possible to have a displacement of 0 m and a distance that is not 0 m. This happens

whenever you

end at the same point you started.

Differences between distance and displacement

The differences between distance and displacement can be summarised as:

Distance Displacement

1. depends on the path | 1. independent of path taken

2. always positive 2. can be positive or negative

3. is a scalar 3. is a vector

Exercise 21 -2

1. Use this figure to answer the following questions.

PPN A\ A N\

School Komal Kholo Kosma Kogis Kevin Shop
I 1 1 1 1 1 ]
t t : ' ' —
100 m 100 m 100 m 100 m 100 m 100 m
a. Kogis walks to Kosma’s house and then to school, what is her distance

d.

2. Yo

and displacement?
. Kholo walks to Kosma’s house and then to school, what is her dis-
tance and displacement?
. Komal walks to the shop and then to school, what is his distance and
displacement?
What reference point did you use for each of the above questions?

u stand at the front door of your house (displacement, AZ = 0 m). The

street is 10 m away from the front door. You walk to the street and back

again.

Physics: Mechanics
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a. What is the distance you have walked?
b. What is your final displacement?
c. Is displacement a vector or a scalar? Give a reason for your answer.

More practice @ video solutions @ or help at www.everythingscience.co.za

(1) 009j (2. 009k

Speed and velocity &3 ESAGW

DEFINITION: Average speed

Average speed is the distance (D) travelled divided by the time (At) taken
for the journey.
Quantity: average speed (vg,,) Unit name: metre per second Unit

symbol: m-s™1

DEFINITION: Average velocity

Average velocity is the change in position of a body divided by the time it
took for the displacement to occur.
Quantity: average velocity (¥,,) Unit name: metre per second Unit

symbol: m-s7!

Before moving on review the difference between distance and displacement. Sometimes
the average speed can be a very big number while the average velocity is zero. (® See

video:
at www.everythingscience.co.za

Average velocity is the rate of change of position. It tells us how much an object’s position
changes per unit of time. Velocity is a vector. We use the symbol 7, for average velocity.
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If we have a displacement of A% and a time taken of At, 4,,, is then defined as:

change in position (in m)
change in time (in s)

S AZ

Vav = At

average velocity (inm-s™1) =

Velocity can be positive or negative. A positive velocity points in the direction you chose
as positive in your coordinate system. A negative velocity points in the direction opposite

to the positive direction.

Average speed (symbol v,,) is the distance travelled (D) divided by the time taken (At) for
the journey. Distance and time are scalars and therefore speed will also be a scalar. Speed
is calculated as follows:

average speed (inm-s7 1) = distance (in m)
gesp " time (in s)

D

UO.’U - At

Example 1: Average speed and average velocity

QUESTION

James walks 2 km away from home in 30 minutes. He then turns around and walks
back home along the same path, also in 30 minutes. Calculate James’ average

speed and average velocity.

2 km

—

SOLUTION

Step 1 : Identify what information is given and what is asked for
The question explicitly gives

e the distance and time out (2 km in 30 minutes)

e the distance and time back (2 km in 30 minutes)

Step 2 : Check that all units are SI units.
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The information is not in SI units and must therefore be converted.

To convert km to m, we know that:

1 km 1 000 m

2km = 2000m (multiply both sides by 2.)

Similarly, to convert 30 minutes to seconds,

1min = 60s

30min = 1800s (multiply both sides by 30)

Step 3 : Determine James’ displacement and distance.
James started at home and returned home, so his displacement is 0 m.
AZ=0m
James walked a total distance of 4000 m (2 000 m out and 2 000 m
back).
D =4000m

Step 4 : Determine his total time.
James took 1 800 s to walk out and 1 800 s to walk back.

At =3600s

Step 5 : Determine his average speed

D
Vav = Kt
4 000 m
3600 s

= 1,11 m-s!

Step 6 : Determine his average velocity

UCL’U

o[
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Differences between speed and velocity ma ESAGX

The differences between speed and velocity can be summarised as:

Speed Velocity

1. depends on the path taken 1. independent of path taken
2. always positive 2. can be positive or negative
3. is a scalar 3. is a vector

4. no dependence on direction | 4. direction can be determined
and so is only positive from the sign convention used

(i.e. positive or negative)

Additionally, an object that makes a round trip, i.e. travels away from its starting point and

then returns to the same point has zero velocity but travels at a non-zero speed.

Exercise 21 - 3

1. Bongani has to walk to the shop to buy some milk. After walking 100 m,
he realises that he does not have enough money, and goes back home. If
it took him two minutes to leave and come back, calculate the following:

a. How long was he out of the house (the time interval At in seconds)?

How far did he walk (distance (D))?

What was his displacement (AZ)?

What was his average velocity (in m-s=1)2

What was his average speed (in m-s—1)2

P20 T

2 minutes there and back
100 m
shop home
100 m

2. Bridget is watching a straight stretch of road from her classroom window.
She can see two poles which she earlier measured to be 50 m apart. Using
her stopwatch, Bridget notices that it takes 3 s for most cars to travel from

the one pole to the other.
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a. Using the equation for velocity (¥, = ﬁ—f), show all the working
needed to calculate the velocity of a car travelling from the left to the
right.

b. If Bridget measures the velocity of a red Golf to be —16,67 m-s~!, in
which direction was the Golf travelling? Bridget leaves her stopwatch
running, and notices that at ¢ = 5,0 s, a taxi passes the left pole at the
same time as a bus passes the right pole. At time t = 7,5 s the taxi
passes the right pole. Attime t = 9,0 s, the bus passes the left pole.

c. How long did it take the taxi and the bus to travel the distance be-
tween the poles? (Calculate the time interval (At) for both the taxi
and the bus).

d. What was the average velocity of the taxi and the bus?

e. What was the average speed of the taxi and the bus?

f. What was the average speed of taxi and the bus in km - h=1?

t=9s t=55fﬂnnnn

3. A rabbit runs across a freeway. There is a car, 100 m away travelling
towards the rabbit.

100 m

a. Ifthe caris travelling at 120 km-h—!, what is the car’s speed in m-s~1.

b. How long will it take the a car to travel 100 m?
c. If the rabbit is running at 10 km - h=!, what is its speed in m - s~12

400 Physics: Mechanics



CHAPTER 21. MOTION IN ONE DIMENSION 21.3

d. If the freeway has 3 lanes, and each lane is 3 m wide, how long will
it take for the rabbit to cross all three lanes?

e. If the car is travelling in the furthermost lane from the rabbit, will the
rabbit be able to cross all 3 lanes of the freeway safely?

More practice @videosolutions @orhelpatwww.everythingscience.co.za

(1.) 009m (2.) 009n (3.) 009p

Investigation: An exercise in safety

Divide into groups of 4 and perform the following investigation.
Each group will be performing the same investigation, but the aim for
each group will be different.

1. Choose an aim for your investigation from the following list and
formulate a hypothesis:

e Do cars travel at the correct speed limit?

e s is safe to cross the road outside of a pedestrian crossing?

e Does the colour of your car determine the speed you are trav-
elling at?

e Any other relevant question that you would like to investigate.

2. On a road that you often cross, measure out 50 m along a straight
section, far away from traffic lights or intersections.

3. Use a stopwatch to record the time each of 20 cars take to travel
the 50 m section you measured.

4. Design a table to represent your results. Use the results to answer
the question posed in the aim of the investigation. You might need
to do some more measurements for your investigation. Plan in
your group what else needs to be done.

5. Complete any additional measurements and write up your investi-
gation under the following headings:

e Aim and Hypothesis
e Apparatus

e Method

e Results

e Discussion
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e Conclusion
6. Answer the following questions:
How many cars took less than 3 s to travel 50 m?2
What was the shortest time a car took to travel 50 m?
What was the average time taken by the 20 cars?
What was the average speed of the 20 cars?

® & n T 9

Convert the average speed to km - h—1.

Acceleration ESAGY

DEFINITION: Average acceleration

Average acceleration is the change in average velocity divided by the time

taken.
Quantity: Average acceleration (d,) Unit name: metre per second
squared Unit symbol: m - s—2

Acceleration is a measure of how fast the velocity of an object changes in time. If we have
a change in velocity (A7) over a time interval (At), then the average acceleration (d,,) is
defined as:

N change in velocity (in m-s~!
average acceleration (inm-s2) = 8 - .ty ( - )
change in time (in s)

. A7

Ay = AL
We only deal with problems with constant acceleration. This means that the average accel-
eration and the instantaneous acceleration are the same. To make things simpler we will
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only talk about acceleration and not average or instantaneous. This is represented as @. We

can also have the magnitude of the acceleration. This is:

AT

“T At

Acceleration is a vector. Acceleration does not provide any information about the motion,
but only about how the motion changes. It is not possible to tell how fast an object is

moving or in which direction from the acceleration alone.
® See video: VPgly at www.everythingscience.co.za

Like velocity, acceleration can be negative or positive. We see that when the sign of the
acceleration and the velocity are the same, the object is speeding up. If both velocity and
acceleration are positive, the object is speeding up in a positive direction. If both velocity
and acceleration are negative, the object is speeding up in a negative direction. We can

see this in the following diagram:

positive direction to the right

v il il
—_— < — o —
—_— —_— -—
a a a
speeding up  slowing down speeding up

deceleration negative acceleration

If velocity is positive and acceleration is negative, then the object is slowing down. Simi-
larly, if the velocity is negative and the acceleration is positive the object is slowing down.
This is illustrated in the following worked example.

Example 2: Acceleration

QUESTION

A car accelerates uniformly from and initial velocity of 2 m-s~* to a final velocity
of 10 m-s' in 8 seconds. It then slows down uniformly to a final velocity of 4 m-s—1
in 6 seconds. Calculate the acceleration of the car during the first 8 seconds and

during the last 6 seconds.

SOLUTION

Tip
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Avoid the use of the
word deceleration to
refer to a negative ac-
celeration. This word
usually means slow-
ing down and it is
possible for an ob-
ject to slow down
with both a positive
and negative accel-
eration, because the
sign of the velocity of
the object must also
be taken into account
to determine whether
the body is slowing
down or not.
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Step 1 : Choose a reference frame
We choose the point where the car starts to accelerate as the origin
and the direction in which the car is already moving as the positive

direction.

Step 2 : Identify what information is given and what is asked for:
Consider the motion of the car in two parts: the first 8 seconds and the

last 6 seconds.

For the first 8 seconds: For the last 6 seconds:
7 = 2m-s! % = 10m-s7!
vf = 10m-s7! v = 4m-s!
T 0s t; = 85
tf = &8s tf = 145
Step 3 : Calculate the acceleration.
For the first 8 seconds: For the next 6 seconds:
Av Av
a — —_ a = _
At At
10 B 4
"~ 8s-0s T 14s—8s
= 1m-s2 = —1m-s 2

During the first 8 seconds the car had a positive acceleration. This
means that its velocity increased. The velocity is positive so the car is
speeding up. During the next 6 seconds the car had a negative acceler-
ation. This means that its velocity decreased. The velocity is positive so

the car is slowing down.

Exercise 21 -4

1. An athlete is accelerating uniformly from an initial velocity of 0 m-s~'to a
final velocity of 4 m-s~tin 2 seconds. Calculate his acceleration. Let the
direction that the athlete is running in be the positive direction.

2. A bus accelerates uniformly from an initial velocity of 15 m-s~!to a final
velocity of 7 m-s~!in 4 seconds. Calculate the acceleration of the bus. Let
the direction of motion of the bus be the positive direction.

3. An aeroplane accelerates uniformly from an initial velocity of 100 m-s~'to
a velocity of 200 m-s~1in 10 seconds. It then accelerates uniformly to a
final velocity of 240 m-s~!in 20 seconds. Let the direction of motion of
the aeroplane be the positive direction.

a. Calculate the acceleration of the aeroplane during the first 10 seconds
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of the motion.
b. Calculate the acceleration of the aeroplane during the next 20 sec-
onds of its motion.

More practice @ video solutions @ or help at www.everythingscience.co.za

(1) 009q (2. 009r (3.) 009s

Instantaneous velocity

& ESAGZ
and speed

Sprinters taking off

We have looked at the average velocity and

Pt

speed but sometimes we want to be more

Tip

precise about what is happening between the
initial and final times in a problem.

Instantaneous velocity is the velocity at a spe-
cific instant in time. This can be different to

the average velocity if the velocity isn’t con-
stant.

Look at the photographs of the sprinters in a
race. Their velocity is different as they take
off and as they end. Their average velocity
for the race doesn’t change but their instanta-
neous velocity, as captured in the “snapshots”
of an instant in time does change. Their ve-
locity in the photograph would be an instan-

taneous velocity.
Photographs by wwarby on Flickr.com

DEFINITION: Instantaneous velocity

Instantaneous velocity is the change in position over the change in a very
small time interval (At = 0).
Quantity: Instantaneous velocity (?) Unit name: metre per second

Unit name: m - s—!
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An instant in time
is different from the
time taken or the time
interval. It is there-
fore useful to use the
symbol ¢ for an instant
in time (for example
during the 4™ second)
and the symbol At for
the time taken (for ex-
ample during the first
5 seconds of the mo-
tion).
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DEFINITION: Instantaneous speed

Instantaneous speed is the magnitude of instantaneous velocity.

Quantity: Instantaneous speed (v) Unit name: metre per second

Unit symbol: m-s—!

Instantaneous velocity is a vector. Instantaneous speed is the magnitude of instantaneous
velocity. It has the same value but is not a vector so it has no direction.

Description of motion B3 ESAHA

The purpose of this chapter is to describe motion, and now that we understand the defi-
nitions of displacement, distance, velocity, speed and acceleration, we are ready to start
using these ideas to describe how an object or person is moving. We will look at three
ways of describing motion:

1. words
2. diagrams
3. graphs

These methods will be described in this section.

We will consider three types of motion: when the object is not moving (stationary object),
when the object is moving at a constant velocity (uniform motion) and when the object is
moving at a constant acceleration (motion at constant acceleration).

Stationary Object 3 ESAHB

The simplest motion that we can come across is that of a stationary object. A stationary
object does not move and so its position does not change.
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Vivian stands at a stop sign.

Consider an example, Vivian is waiting for a
taxi. She is standing two metres from a stop
street att = 0 s. After one minute, att = 60s,
she is still 2 metres from the stop street and
after two minutes, at ¢ = 120 s, also 2 me-
tres from the stop street. Her position has not
changed. Her displacement is zero (because
his position is the same), her velocity is zero
(because his displacement is zero) and her ac-
celeration is also zero (because her velocity is
not changing).

We can now draw graphs of position vs. time
(& vs. t), velocity vs. time (¥ vs. t) and acceler-

ation vs. time (d vs. t) for a stationary object.
The graphs are shown below. = &

Photograph by Rob Boudon on Flickr.com

e B N”é
= 2 £ =
S ® s
= = =
21T E 5
2 S <

g g

0 L time (s) 0 : : time (s) % ; : time (s)
60 120 60 120 60 120

(@) (b) (©

Figure 21.2: Graphs for a stationary object (a) position vs. time (b) velocity vs. time (c)
acceleration vs. time.

Vivian’s position is 2 metres in the positive direction from the stop street. If the stop street is
taken as the reference point, her position remains at 2 metres for 120 seconds. The graph
is a horizontal line at 2 m. The velocity and acceleration graphs are also shown. They
are both horizontal lines on the z-axis. Since her position is not changing, her velocity is

0 m -s~! and since velocity is not changing, acceleration is 0 m - s—2.

DEFINITION: Gradient

(Recall from Mathematics) The gradient, m, of a line can be calculated by

dividing the change in the y-value (dependent variable) by the change in the

z-value (independent variable). m = %
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Tip

The gradient of a po-
sition vs. time graph
gives the average ve-
locity, while the tan-
gent of a position vs.
time graph gives the
instantaneous veloc-

ity.

Tip

The gradient of a ve-
locity vs. time graph
gives the average ac-
celeration, while the
tangent of a velocity
vs. time graph gives
the instantaneous ac-
celeration.

Tip

The area under the
velocity vs.  time
graph  gives the
displacement.

Since we know that velocity is the rate of change of position, we can confirm the value for
the velocity vs. time graph, by calculating the gradient of the Z vs. t graph.

If we calculate the gradient of the 7 vs. ¢ graph for a stationary object we get:

AT

At
Tf — Ty
ty —1;
2m—2m

= 1505 60s (initial position = final position)

=0m-s ! (for the time that Vivian is stationary )

Similarly, we can confirm the value of the acceleration by calculating the gradient of the

velocity vs. time graph.

If we calculate the gradient of the ¥ vs. t graph for a stationary object we get:

_Av

“T At

U

oty =t
_O0m-s™ —0m-s™
B 1205 —60s
—2

1 1

=0m-s

Additionally, because the velocity vs. time graph is related to the position vs. time graph,
we can use the area under the velocity vs. time graph to calculate the displacement of an

object.

The displacement of the object is given by the area under the graph, which is 0 m. This is
obvious, because the object is not moving.

Motion at Constant Velocity B3 FSAHC

Motion at a constant velocity or uniform motion means that the position of the object is
changing at the same rate.

Assume that Vivian takes 100 s to walk the 100 m to the taxi-stop every morning. If we
assume that Vivian’s house is the origin and the direction to the taxi is positive, then
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Vivian’s velocity is:

_AZ
At
Tf — Ty
oty —t
100m —-0m

100s—0s
1

v

Im-s™

Vivian’s velocity is 1 m - s~1. This means that she walked 1 m in the first second, another
metre in the second second, and another in the third second, and so on. For example, after
50 s she will be 50 m from home. Her position increases by 1 m every 1 s. A diagram of

Vivian'’s position is shown below:

I:I|_|I:I

50s t
50 m T

100 s
100 m

t=0s t
z=0m x
We can now draw graphs of position vs.time (Z vs. t), velocity vs. time (¢ vs. t) and ac-
celeration vs.time (@ vs. t) for Vivian moving at a constant velocity. The graphs are shown

here:
100 } 2 4 24
&
— 80 + i &L
E s 5
=60 4 £ s
c o, > - 4
) Ax 1 1
S 40 Z E
‘@ Q [
8 o L
0 ar © g
9)
]
0 f f f f — 0 f f f f 0 f f f f +
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
time t (s) time t (s) time t (s)

Graphs for motion at constant velocity (a) position vs. time (b) velocity vs. time (c) accel-

eration vs. time. The area of the shaded portion in the v vs. t graph corresponds to the

object’s displacement.

In the evening Vivian walks 100 m from the bus stop to her house in 100 s. Assume that

Vivian’s house is the origin. The following graphs can be drawn to describe the motion.

Physics: Mechanics
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100 A . 24
time ¢ (s) I
I I I I |
- 80 a T T T T ({)
= _ 20 40 60 80 140 &
£ = £
860 1 b S
- c
g Az g .91 —+
S 40 + =
z S 5
Q90 4 S o
e o
(] [¢o]
0 f f f f > 0 f f f f +
0 2 40 60 s 10 0 20 40 60 80 100
time ¢ (s) a time ¢ (s)

Graphs for motion with a constant negative velocity. The area of the shaded portion in the
v vs.t graph corresponds to the object’s displacement.

We see that the ¥ vs. ¢ graph is a horizontal line. If the velocity vs. time graph is a horizontal
line, it means that the velocity is constant (not changing). Motion at a constant velocity is
known as uniform motion. We can use the ¥ vs. t to calculate the velocity by finding the
gradient of the line.

AR

At
-
oty —t
0m—100m

100s—0s
1

v

=—1m-s~

Vivian has a velocity of =1 m-s=1, or 1 m-s~! towards her house. You will notice that the
¥ vs. t graph is a horizontal line corresponding to a velocity of —1 m - s~!. The horizontal
line means that the velocity stays the same (remains constant) during the motion. This is
uniform velocity.

We can use the ¥ vs. t to calculate the acceleration by finding the gradient of the line.

AV

At

Up — U

ty —t;

Im-s=" —1m-s—
100s—0s

—2

1 1

=0m-s

Vivian has an acceleration of 0 m-s~2. You will notice that the graph of @ vs. t is a horizontal
line corresponding to an acceleration value of 0 m - s=2. There is no acceleration during
the motion because his velocity does not change.

We can use the ¥ vs. t graph to calculate the displacement by finding the area under the
graph.
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AT = Area under graph
=(x b
=100 (—1)
= —100m

This means that Vivian has a displacement of 100 m towards her house.

Exercise 21 -5

1. Use the graphs in Figure 21.6 to calculate each of the following:

a. Calculate Vivian’s velocity between 50 s and 100 s using the x vs. ¢
graph. Hint: Find the gradient of the line.
b. Calculate Vivian’s acceleration during the whole motion using the v
vs. t graph.
c. Calculate Vivian’s displacement during the whole motion using the v
vs. t graph.
2. Thandi takes 200 s to walk 100 m to the bus stop every morning. In the
evening Thandi takes 200 s to walk 100 m from the bus stop to her home.

a. Draw a graph of Thandi’s position as a function of time for the morn-
ing (assuming that Thandi’s home is the reference point). Use the
gradient of the x vs. ¢ graph to draw the graph of velocity vs. time.
Use the gradient of the v vs. ¢ graph to draw the graph of acceleration
vs. time.

b. Draw a graph of Thandi’s position as a function of time for the evening
(assuming that Thandi’s home is the origin). Use the gradient of the
x vs. t graph to draw the graph of velocity vs. time. Use the gradient
of the v vs. t graph to draw the graph of acceleration vs. time.

c. Discuss the differences between the two sets of graphs in questions 2
and 3.

More practice @videosolutions @orhelpatwww.everythingscience.co.za

(1.) 009t  (2.) 009u
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General experiment: Motion at constant velocity

Aim:
To measure the position and time during motion at constant velocity and determine
the average velocity as the gradient of a “Position vs. Time” graph.

Apparatus:
A battery operated toy car, stopwatch, meter stick or measuring tape.

Method:

1. Work with a friend. Copy the table below into your workbook.

2. Complete the table by timing the car as it travels each distance.

3. Time the car twice for each distance and take the average value as your ac-
cepted time.

4. Use the distance and average time values to plot a graph of “Distance vs.
Time” onto graph paper. Stick the graph paper into your workbook. (Remem-
ber that “A vs. B” always means “y vs. x”).

5. Insert all axis labels and units onto your graph.

6. Draw the best straight line through your data points.

7. Find the gradient of the straight line. This is the average velocity.

Results:

Time (s)

Distance (m)
1 2 Ave.

0

0,5

1,0

1,5

2,0

2,5

3,0

Conclusions:

Answer the following questions in your workbook:

1. Did the car travel with a constant velocity?
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2. How can you tell by looking at the “Distance vs. Time” graph if the velocity

is constant?
3. How would the “Distance vs. Time” graph look for a car with a faster velocity?

4. How would the “Distance vs. Time” graph look for a car with a slower veloc-

ity?

Motion at constant acceleration B3 ESAHD

The final situation we will be studying is motion at constant acceleration. We know that
acceleration is the rate of change of velocity. So, if we have a constant acceleration, this

means that the velocity changes at a constant rate.

Let’s look at our first example of Vivian waiting at the taxi stop again. A taxi arrived and
Vivian got in. The taxi stopped at the stop street and then accelerated in the positive
direction as follows: After 1 s the taxi covered a distance of 2,5 m, after 2 s it covered
10 m, after 3 s it covered 22,5 m and after 4 s it covered 40 m. The taxi is covering a larger

distance every second. This means that it is accelerating.

aooonN /O0o0on OOoon (EIEIEIB)

LO ® Loﬁ—O—} LOAO—E OO
2,5m 10 m 22,5m 40 m
t=1s t=2s t=3s t=4s

To calculate the velocity of the taxi you need to calculate the gradient of the line at each

second:

AZ

U1s E

T — 7

ty —1;
5m—0m
1,55-0,55
1

=5m-s~

Physics: Mechanics 413



21.6 CHAPTER 21. MOTION IN ONE DIMENSION

AT

At

Ty — Ty

tr —t;
1I5m—-—5m
2,55—1,55

=10m-s!

V3s =

~30m—15m
©3,55—2,55

=15m-s !

From these velocities, we can draw the velocity-time graph which forms a straight line.

The acceleration is the gradient of the v vs. ¢ graph and can be calculated as follows:

AT

At

Vf — 4

ty —1;

1I5m-s™ —5m-s~
3s—1s

-2

1 1

=5bm-s

The acceleration does not change during the motion (the gradient stays constant). This is
motion at constant or uniform acceleration.

The graphs for this situation are shown below:

\L{’ C\llm 9 4+
— 20 + €1 P og+
= £ €.l
£ = £
215—— > 2@——
o ST S’
=10+ 2 =4+
) (D] =,
o > 5 4 k) 3 T
o 5** () 2 +
91
0 f f f f 0 1 1 1 1 © 0 f f f f
0 12 3 4 0 2 3 4 0 1 .2 3 4
time ¢ (s) time ¢ (s) time t (s)

Graphs for motion with a constant acceleration starting from rest.
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21.6

Velocity from acceleration vs. time graphs

Just as we used velocity vs. time graphs to find displacement, we can use acceleration vs.

time graphs to find the velocity of an object at a given moment in time. We simply calculate

the area under the acceleration vs. time graph, at a given time. In the graph below, showing

an object at a constant positive acceleration, the increase in velocity of the object after 2

seconds corresponds to the shaded portion.

v = area of rectangle

The velocity of the object at t = 2 s is therefore 10 m - s—*.

Summary of Graphs

=a x At

2

=5bm-s “x2s

=10m-s~!

1

Bg ESAHE

The relation between graphs of position, velocity and acceleration as functions of time is

summarised in the next figure.

x (m)
Stationary 1
object R ——
T—t—F+—— 1)
x (m)
Uniform 1
motion
s t (s)
z (m)
Motion T
with  con- 1
stant accel-
Il Il
eration ! ! t(s)
Figure 21.3:

t (s)

Position-time, velocity-time and acceleration-time graphs.
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Tip

The description of the
motion  represented
by a graph should
include the following
(where possible):

1. whether  the
object is
moving in
the positive
or negative
direction

2. whether  the
object is at
rest, moving
at constant
velocity or
moving at con-
stant  positive
acceleration
(speeding up)
or constant
negative  ac-
celeration

(slowing down)

21.6 CHAPTER 21. MOTION IN ONE DIMENSION

You will also often be required to draw graphs based on a description of the motion in
words or from a diagram. Remember that these are just different methods of presenting the
same information. If you keep in mind the general shapes of the graphs for the different
types of motion, there should not be any difficulty with explaining what is happening.

Formal experiment: Position versus time using a ticker

timer

Aim:

To measure the position and time during motion and to use that data
to plot a “Position vs. Time” graph.
Apparatus:

Trolley, ticker tape apparatus, tape, graph paper, ruler, ramp

Motion at constant velocity

Motion with increasing velocity

Method:

Work with a friend. Copy the table below into your workbook.
Attach a length of tape to the trolley.

Run the other end of the tape through the ticker timer.

Start the ticker timer going and roll the trolley down the ramp.
Repeat steps 1 - 3.

S S & N =

On each piece of tape, measure the distance between successive
dots. Note these distances in the table below.

7. Use the frequency of the ticker timer to work out the time intervals
between successive dots. Note these times in the table below,

8. Work out the average values for distance and time.

9. Use the average distance and average time values to plot a graph
of “Distance vs. Time” onto graph paper. Stick the graph paper
into your workbook. (Remember that “A vs. B” always means “y
vs. X").

10. Insert all axis labels and units onto your graph.
11. Draw the best straight line through your data points.

Results:
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Distance (m) Time (s)

T]12|Ave. | 1| 2] Ave.

Discussion:
Describe the motion of the trolley down the ramp.

Worked examples B3 ESAHF

The worked examples in this section demonstrate the types of questions that can be asked

about graphs.

Example 3: Description of motion based on a position-
time graph

QUESTION

The position vs. time graph for the motion of a car is given below. Draw the
corresponding velocity vs. time and acceleration vs. time graphs, and then describe

the motion of the car.
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t(s)

SOLUTION

Step 1 : Identify what information is given and what is asked for
The question gives a position vs. time graph and the following three

things are required:
1. Draw a v vs. t graph.
2. Draw an a vs. t graph.
3. Describe the motion of the car.

To answer these questions, break the motion up into three sections: 0 —
2 seconds, 2 — 4 seconds and 4 — 6 seconds.

Step 2 : Velocity vs. time graph for 0 — 2 seconds

For the first 2 seconds we can see that the position (and hence the
displacement) remains constant - so the object is not moving, thus it has
zero velocity during this time. We can reach this conclusion by another
path too: remember that the gradient of a displacement vs. time graph
is the velocity. For the first 2 seconds we can see that the displacement
vs. time graph is a horizontal line, i.e.. it has a gradient of zero. Thus
the velocity during this time is zero and the object is stationary.

Step 3 : Velocity vs. time graph for 2 — 4 seconds
For the next 2 seconds, displacement is increasing with time so the
object is moving. Looking at the gradient of the displacement graph
we can see that it is not constant. In fact, the slope is getting steeper
(the gradient is increasing) as time goes on. Thus, remembering that the
gradient of a displacement vs. time graph is the velocity, the velocity

must be increasing with time during this phase.

Step 4 : Velocity vs. time graph for 4 — 6 seconds
For the final 2 seconds we see that displacement is still increasing with
time, but this time the gradient is constant, so we know that the object
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is now travelling at a constant velocity, thus the velocity vs. time graph
will be a horizontal line during this stage. We can now draw the graphs:

So our velocity vs. time graph looks like this one below. Because
we haven’t been given any values on the vertical axis of the displace-
ment vs. time graph, we cannot figure out what the exact gradients are
and therefore what the values of the velocities are. In this type of ques-
tion it is just important to show whether velocities are positive or nega-
tive, increasing, decreasing or constant.

7 (m-s71)

Once we have the velocity vs. time graph its much easier to get the
acceleration vs. time graph as we know that the gradient of a velocity
vs. time graph is the just the acceleration.

Step 5 : Acceleration vs. time graph for 0 — 2 seconds
For the first 2 seconds the velocity vs. time graph is horizontal and has
a value of zero, thus it has a gradient of zero and there is no acceler-
ation during this time. (This makes sense because we know from the
displacement time graph that the object is stationary during this time,
so it can’t be accelerating).

Step 6 : Acceleration vs. time graph for 2 — 4 seconds
For the next 2 seconds the velocity vs. time graph has a positive gradi-
ent. This gradient is not changing (i.e. its constant) throughout these 2

seconds so there must be a constant positive acceleration.

Step 7 : Acceleration vs. time graph for 4 — 6 seconds
For the final 2 seconds the object is travelling with a constant velocity.
During this time the gradient of the velocity vs. time graph is once again
zero, and thus the object is not accelerating. The acceleration vs. time
graph looks like this:

a (m-s—2)

Step 8 : A description of the object’s motion
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A brief description of the motion of the object could read something
like this: At¢ = 0 s and object is stationary at some position and remains
stationary until ¢ = 2 s when it begins accelerating. It accelerates in
a positive direction for 2 seconds until ¢ = 4 s and then travels at a

constant velocity for a further 2 seconds.

Example 4: Calculations from a velocity vs. time graph

QUESTION

The velocity vs. time graph of a truck is plotted below. Calculate the distance and

displacement of the truck after 15 seconds.

¥ (m-s~1)

4,,

SOLUTION

Step 1 : Decide how to tackle the problem
We are asked to calculate the distance and displacement of the car.
All we need to remember here is that we can use the area between the
velocity vs. time graph and the time axis to determine the distance and

displacement.

Step 2 : Determine the area under the velocity vs. time graph
Break the motion up: 0 — 5 seconds, 5 — 12 seconds, 12 — 14 seconds
and 14 — 15 seconds.
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For 5 — 12 seconds: The dis-
placement is equal to the area of

For O — 5 seconds: The displace-

ment is equal to the area of the

triangle on the left: the rectangle:

1
Areapn = —bxh
% Areag = {xb
B -1
= 5><55 Xx4m-s = Ts x4m-s!
= 10m = 28m?

For 12 — 14 seconds the displace-

. For 14 — 15 seconds the displace-
ment is equal to the area of the

) ] ] ment is equal to the area of the
triangle above the time axis on ) . i
triangle below the time axis:

the right:
1
1 Area = —bxh
Areap = ibxh o 2
1
1 . = Zx1sx2m-s !
= —x2s x4m-s 2
2 = 1m

= 4m

Step 3 : Determine the total distance of the car
Now the total distance of the car is the sum of all of these areas:

D 1I0m+28m+4m-+1m

= 43 m

Step 4 : Determine the total displacement of the car

Now the total displacement of the car is just the sum of all of these
areas. HOWEVER, because in the last second (from ¢ = 14 sto t = 15
s) the velocity of the car is negative, it means that the car was going
in the opposite direction, i.e. back where it came from! So, to find the
total displacement, we have to add the first 3 areas (those with positive
displacements) and subtract the last one (because it is a displacement in
the opposite direction).

AT 1I0m+28m+4m—1m

= 41 m in the positive direction
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Example 5: Velocity from a position vs. time graph

QUESTION

The position vs. time graph below describes the motion of an athlete.
#(m)

4,,

t(s)

o
—
[
w
'S
S
(=]
-3

1. What is the velocity of the athlete during the first 4 seconds?

2. What is the velocity of the athlete fromt =4stot =7 s?

SOLUTION

Step 1 : The velocity during the first 4 seconds
The velocity is given by the gradient of a position vs. time graph. During
the first 4 seconds, this is

. A7
YT A
~ 4m—-0m
"~ 4s—0s
= 1m-s!

Step 2 : The velocity during the last 3 seconds
For the last 3 seconds we can see that the displacement stays constant.
The graph shows a horizontal line and therefore the gradient is zero.

Thusv =0 m-s!.
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Example 6: Drawing a v vs. t graph from an a vs. t graph

QUESTION

The acceleration vs. time graph for a car starting from rest, is given below. Calculate
the velocity of the car and hence draw the velocity vs. time graph.

a (m-s—2)

2 f——

—_
|
T

0 1 1 { 1 — t(s)
1 2 3 zll 5 (:5
-1 + | |
| |
| |
-2 1 e——

SOLUTION

Step 1 : Calculate the velocity values by using the area under each part of the

graph.
The motion of the car can be divided into three time sections: 0 — 2
seconds; 2 — 4 seconds and 4 — 6 seconds. To be able to draw the
velocity vs. time graph, the velocity for each time section needs to be
calculated. The velocity is equal to the area of the square under the
graph:
For 0 — 2 seconds: For 2 — 4 seconds: For 4 — 6 seconds:
Areag = [{xb Areag = [{xb Areagq = /£ xb
= 25 x2m-s 2 = 25 x0m-s2 — 95 x-2m-s2
= 4m-s! = 0m-s! — —4m-s!

The acceleration had a

The velocity of the caris ~ The velocity of the caris  negative value, which
Am-ss—!att = 2s. Om-s—!fromt=2sto means thatthe velocity is

t=4s. decreasing. It starts at a

I and

decreasesto O m - s~ 1.

velocity of 4 m - s~

Step 2 : Now use the values to draw the velocity vs. time graph.
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7 (m-s71)
4 P R s —
| |
| |
31 l l
The velocity vs. time ! :
graph looks like this: 2T | :
| |
14 | :
| |
| |
0 1 i 1 i 1

Exercise 21 -6

1. A car is parked 10 m from home for 10 minutes. Draw a displacement-

time, velocity-time and acceleration-time graphs for the motion. Label all
the axes.

. A bus travels at a constant velocity of 12 m - s~'for 6 seconds. Draw

the displacement-time, velocity-time and acceleration-time graph for the
motion. Label all the axes.

. An athlete runs with a constant acceleration of 1 m - s=2 for 4 s. Draw

the acceleration-time, velocity-time and displacement time graphs for the
motion. Accurate values are only needed for the acceleration-time and
velocity-time graphs.

. The following velocity-time graph describes the motion of a car. Draw the

displacement-time graph and the acceleration-time graph and explain the
motion of the car according to the three graphs.

ob——~L—— ()

5. The following velocity-time graph describes the motion of a truck. Draw

the displacement-time graph and the acceleration-time graph and explain
the motion of the truck according to the three graphs.

424
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More practice @videosolutions @orhelpatwww.everythingscience.co.za

(1) 009v (2.) 009w (3.) 009x (4.) 009y (5.) 009z

See simulation: (® Simulation: VPrwb at www.everythingscience.co.za)
Equations of motion B3 ESAHG

In this section we will look at the third way to describe motion. We have looked at describ-
ing motion in terms of words and graphs. In this section we examine equations that can be

used to describe motion.

This section is about solving problems relating to uniformly accelerated motion. In other

words, motion at constant acceleration.

The following are the variables that will be used in this section:

¥; = initial velocity (m-s~ 1) att = 0s
dr = final velocity (m-s™1!) attime ¢
AT = displacement (m)
t = time(s)
At = time interval (s)
@ = acceleration (m-s—2)

An alternate convention for some of the variables exists that you will likely encounter so
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FACT here is a list for reference purposes:

Galileo  Galilei  of % = initial velocity (m-s~ Y att =05
Pisa, Italy, was the . ) . L .

first to determined the v = final velocity (m-s~!) at time ¢
correct mathematical § = displacement (m)

law for acceleration:
the total distance
covered, starting from In this book we will use the first convention.
rest, is proportional
to the square of the
time. He also con-

cluded that objects Uy = vj+at (21.1)
retain their velocity AF - (s +Uf)t 21.2)
unless a force — often 2

friction — acts upon AZ = Tit+ 16t2 21.3)
them, refuting the ) ) 2_’ .

accepted Aristotelian vF = vp +20A7 (21.4)
hypothesis that ob-

jects “naturally” slow The questions can vary a lot, but the following method for answering them will always

down and stop unless work. Use this when attempting a question that involves motion with constant acceleration.

a force acts upon e R
o p You need any three known quantities (7;, ¥y, AZ, t or @) to be able to calculate the fourth
them. This principle
: : one.
was mcorporated into

Newton'’s laws  of Problem solving strategy:
motion (1st law).

1. Read the question carefully to identify the quantities that are given. Write them down.

2. Identify the equation to use. Write it down!!!
3. Ensure that all the values are in the correct units and fill them in your equation.
4. Calculate the answer and check your units.

Example 7: Equations of motion

QUESTION

A racing car is travelling North. It accelerates uniformly covering a distance of 725
m in 10 s. If it has an initial velocity of 10 m - s=1, find its acceleration.

SOLUTION

Step 1 : Identify what information is given and what is asked for
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We are given:

¥ = 10m-s!
AZY = 725m
t = 10s
a = ?

Step 2 : Find an equation of motion relating the given information to the
acceleration
If you struggle to find the correct equation, find the quantity that is not
given and then look for an equation that has this quantity in it.
We can use Equation 21.3

1
AT = Uit + 55#

Step 3 : Substitute your values in and find the answer

1
AT = @t+§dt2
1
725m = (10m.s*1x105)+§ax(105)2
725m—100m = (50s%) @
@ = 12,5m-s?2

Step 4 : Quote the final answer
The racing car is accelerating at 12,5 m-s~2 North.

Example 8: Equations of motion |

QUESTION

A motorcycle, travelling East, starts from rest, moves in a straight line with a con-
stant acceleration and covers a distance of 64 m in 4 s. Calculate
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e jts acceleration
e its final velocity
e at what time the motorcycle had covered half the total distance

e what distance the motorcycle had covered in half the total time.

SOLUTION

Step 1 : Identify what information is given and what is asked for
We are given:

¥ = 0 m-s (because the object starts from rest.)
AZ = 64m
t = 4s
a = 7
g = 7
t = 7 athalf the distance A% = 32 m.
Ar = 7athalfthetimet = 2s.

All quantities are in Sl units.

Step 2 : Acceleration: Find a suitable equation to calculate the acceleration
We can use Equations 21.3

1
AT = Uit + 551&2

Step 3 : Substitute the values and calculate the acceleration

1
AZ = 17it+§6t2
1
64m = (0 m~s*1x4s)+§&x(4s)2
64m = (8s¥)a
@ = 8 m-s 2 East

Step 4 : Final velocity: Find a suitable equation to calculate the final velocity
We can use Equation 21.1 - remember we now also know the acceler-
ation of the object.

ﬁfzq_)'i-‘r(ft
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Step 5 : Substitute the values and calculate the final velocity

= 171+at
= 0m-s '+ (8 m-s?)(4s)

= 32 m-s~! East

Step 6 : Time at half the distance: Find an equation to calculate the time

We can use Equation 21.3:

AZ

32 m
32m

8 52

1
1
= (0 m-sHt+ 5(8 m - s~ 2)(t)?
= 0+(4 m-s2)2
_ t2

= 2,83s

Step 7 : Distance at half the time: Find an equation to relate the distance and

time

Half the time is 2 s, thus we have ¥;, @ and ¢ - all in the correct units.

We can use Equation 21.3 to get the distance:

AZ =

*t+1 1
vU; —Qa
2

(0 m-s™1)(2s) + %(8 m-s?)(25s)?
16 m East

Exercise 21 -7

1. A car starts off at 10 m-s—! and accelerates at 1 m-s=2 for 10 s. What is its

final velocity?

Physics: Mechanics

429



21.7 CHAPTER 21. MOTION IN ONE DIMENSION

2. A train starts from rest, and accelerates at 1 m-s~2 for 10 s. How far does
it move?

3. Abus is going 30 m-s—! and stops in 5 s. What is its stopping distance for
this speed?

4. A racing car going at 20 m-s~! stops in a distance of 20 m. What is its

acceleration?

5. A ball has a uniform acceleration of 4 m-s—1. Assume the ball starts from
rest. Determine the velocity and displacement at the end of 10 s.

6. A motorcycle has a uniform acceleration of 4 m-s—!.

torcycle has an initial velocity of 20 m-s— 1.

Assume the mo-

Determine the velocity and
displacement at the end of 12 s.

7. An aeroplane accelerates uniformly such that it goes from rest to 144

km-hr~tin 8 s. Calculate the acceleration required and the total distance
that it has travelled in this time.

More practice @ video solutions @ or help at www.everythingscience.co.za

(1.) 00a0 (2.) 00al (3.) 00a2 (4.) 00a3 (5.) 00a4 (6.) 00a5

(7.) 00ab

Extension: Finding the equations of motion B3 ESAHH

The following does not form part of the syllabus and can be considered additional infor-

mation.

Derivation of 21.1

According to the definition of acceleration:
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. A
a=—
t
where A7 is the change in velocity, i.e. Av = ¥y - %;. Thus we have

<L

Derivation of 21.2

We have seen that displacement can be calculated from the area under a velocity vs. time
graph. For uniformly accelerated motion the most complicated velocity vs. time graph we
can have is a straight line. Look at the graph below - it represents an object with a starting

velocity of ;, accelerating to a final velocity ¢y over a total time ¢.

To calculate the final displacement we must calculate the area under the graph - this is just
the area of the rectangle added to the area of the triangle. This portion of the graph has
been shaded for clarity.

Areapn = ibxh
= tx(vy—w)
= %vft - %vzt
Areag = {£xb
= tXxXu
= v;t
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Displacement =  Areap + Areaa
AT = wvit+ %vft - %vit
- (vitvy)

Derivation of 21.3

This equation is simply derived by eliminating the final velocity v in 21.2. Remembering
from 21.1 that

Up = U; + at

then 21.2 becomes

AZ = vi+v2i+att
— 29;t+at?
- 2

AT = vt + iat?

Derivation of 21.4

This equation is just derived by eliminating the time variable in the above equation. From

21.1 we know

U=

Substituting this into 21.3 gives
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7
20AT = —207 + 07 + 07
17]% = U7 + 20AT

This gives us the final velocity in terms of the initial velocity, acceleration and displacement
and is independent of the time variable.

Applications in the real-world B3 ESAHI

What we have learnt in this chapter can be directly applied to road safety. We can analyse
the relationship between speed and stopping distance. The following worked example
illustrates this application.

Example 9: Stopping distance

QUESTION

A truck is travelling at a constant velocity of 10 m - s—'when the driver sees a
child 50 m in front of him in the road. He hits the brakes to stop the truck. The
truck accelerates at a rate of -1.25 m-s—2. His reaction time to hit the brakes is 0,5
seconds. Will the truck hit the child?

SOLUTION

Step 1 : Analyse the problem and identify what information is given
It is useful to draw a time-line like this one:
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o
o =
= é
3 g o
3 & a
(@) L >0
= 5 o
o 0/5 S @ 5

- —>
A B ¢
constant v negative acceleration

50 m

We need to know the following:
e What distance the driver covers before hitting the brakes.
e How long it takes the truck to stop after hitting the brakes.

e What total distance the truck covers to stop.

Step 2 : Calculate the distance AB
Before the driver hits the brakes, the truck is travelling at constant ve-
locity. There is no acceleration and therefore the equations of motion
are not used. To find the distance travelled, we use:

|

10 =

S
I
ot o
3 o

The truck covers 5 m before the driver hits the brakes.

Step 3 : Calculate the time BC

We have the following for the motion between B and C:

¥ = 10m-s!
vp = Om-s*

a = —-1,25m-s72
t = 7

We can use Equation 21.1

U = U;+at

0 = 10m-s '+ (=1,25m-s )t
~10m-s7! = (=1,25m-s"?)t

t = 8s

Step 4 : Calculate the distance BC
For the distance we can use Equation 21.2 or Equation 21.3. We will
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use Equation 21.2:

(171 + ﬁf)t

AF =
2
1040

AF = j (8)
AZ = 40m

Step 5 : Write the final answer
The total distance that the truck covers is dap + dpc = 5 + 40 = 45
meters. The child is 50 meters ahead. The truck will not hit the child.

Chapter 21 | Summary

See the summary presentation (® Presentation: VPgjl at www.everythingscience.co.za)

A reference point is a point from where you take your measurements.

A frame of reference is a reference point with a set of directions.

Your position is where you are located with respect to your reference point.

The displacement of an object is how far it is from the reference point. It is the
shortest distance between the object and the reference point. It has magnitude and
direction because it is a vector.

The distance of an object is the length of the path travelled from the starting point to
the end point. It has magnitude only because it is a scalar.

Speed (v) is the distance covered (D) divided by the time taken (At?):

_D
At

(%

Average velocity (U,,) is the displacement (A7) divided by the time taken (At):

. AZ
Yo = A

Instantaneous speed is the speed at a specific instant in time.
Instantaneous velocity is the velocity at a specific instant in time.
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A
At

6:

Acceleration (@) is the change in velocity (A7) over a time interval (At):

e The gradient of a position - time graph (z vs. t) gives the velocity.

e The gradient of a velocity - time graph (v vs. t) gives the acceleration.

e The area under a velocity - time graph (v vs. t) gives the displacement.

e The area under an acceleration - time graph (a vs. t) gives the velocity.

e The graphs of motion are summarised in Figure 21.3.

e The equations of motion are used where constant acceleration takes place:

vp = v; + at

- (vitvy)
AT = wvit+ %at2
? = ? 4 2AF

Physical Quantities
Quantity Vector Unit name Unit symbol
Position (z) - metre m
Distance (D) - metre m
Displacement (AZ) v metre m
Speed (v4y) - metre per second m-s—!
Average velocity (U,,) v metre per second m-s—!
Instantaneous velocity (%) v metre per second m-s—!
Instantaneous speed (v) - metre per second m-s—!
Instantaneous acceleration () metre per second per second m-s—2
Average acceleration (d,.,) v metre per second per second m-s—2
Magnitude of acceleration (a) - metre per second per second m-s~2

Table 21.1: Units used in motion in one dimension
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Chapter 21 End of chapter exercises

1. Give one word/term for the following descriptions.
a. The shortest path from start to finish.
b. A physical quantity with magnitude and direction.
c. The quantity defined as a change in velocity over a time period.
d. The point from where you take measurements.
e. The distance covered in a time interval.
f. The velocity at a specific instant in time.

2. Choose an item from column B that match the description in column A.
Write down only the letter next to the question number. You may use an
item from column B more than once.

Column A Column B

a. The area under a velocity - time graph gradient

b. The gradient of a velocity - time graph area

c. The area under an acceleration - time graph | velocity

d. The gradient of a position - time graph displacement
acceleration
slope

3. Indicate whether the following statements are TRUE or FALSE. Write only
“true” or “false”. If the statement is false, write down the correct statement.

a. A scalar is the displacement of an object over a time interval.

b. The position of an object is where it is located.

c. The sign of the velocity of an object tells us in which direction it is
travelling.

d. The acceleration of an object is the change of its displacement over a
period in time.

4. [SC 2003/11] A body accelerates uniformly from rest for t, seconds after
which it continues with a constant velocity. Which graph is the correct
representation of the body’s motion?
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X X X X
/| | /| |
I /I/ I V
| | | |
to t to t to t to t

(@) (b) © (d)

5. [SC 2003/11] The velocity-time graphs of two cars are represented by P

and Q as shown

|
|
|
|
|
|
|
|
—+— 1 (9
4

N ===
w

|
f
0 1

(d) o
6. [IEB 2005/11 HG] The graph that follows shows how the speed of an
athlete varies with time as he sprints for 100 m.

speed (m - s~ 1)

10 F—-

time (s)

~+ - =
—_
—_

Which of the following equations can be used to correctly determine the

time ¢ for which he accelerates?
(@) 100 = (10)(11) — 3(10)t
(b) 100 = (10)(11) + 4 (10)¢
(c) 100 = 10t + $(10)#2
(d) 100 = 1(0)t + 1(10)¢2
7. [SC 2002/03 HG1] In which one of the following cases will the distance
covered and the magnitude of the displacement be the same?
(@) A girl climbs a spiral staircase.
(b) An athlete completes one lap in a race.

(c) A raindrop falls in still air.
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(d) A passenger in a train travels from Cape Town to Johannesburg.

8. [SC 2003/11] A car, travelling at constant velocity, passes a stationary mo-

tor cycle at a traffic light. As the car overtakes the motorcycle, the motorcy-

cle accelerates uniformly from rest for 10 s. The following displacement-

time graph represents the motions of both vehicles from the traffic light

onwards.
x (m)

375 F————-—~-
300 F--——--

motorcycle

car

[
|
I
0 5 X 10

1

t (s)
5

(@) Use the graph to find the magnitude of the constant velocity of the

car.

(b) Use the information from the graph to show by means of calculation

that the magnitude of the acceleration of the motorcycle, for the first

10 s of its motion is 7,5 m-s~2.

(c) Calculate how long (in seconds) it will take the motorcycle to catch

up with the car (point X on the time axis).

(d) How far behind the motorcycle will the car be after 15 seconds?

9. [IEB 2005/11 HG] Which of the following statements is true of a body that

accelerates uniformly?

(@) lts rate of change of position with time remains constant.

(b) Its position changes by the same amount in equal time intervals.

(c) Its velocity increases by increasing amounts in equal time intervals.

(d) Its rate of change of velocity with time remains constant.

10. [IEB 2003/11 HG1] The velocity-time graph for a car moving along a

straight horizontal road is shown below.

Area B

JE I
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Which of the following expressions gives the magnitude of the average

velocity of the car?

a) Areta A

(
(b) Area A Jtr Area B
(

C) Aria B

Area A — Area B
(d) Areah— AreaB

11. [SC 2002/11 SG] A car is driven at 25 m - s~! in a municipal area. When
the driver sees a traffic officer at a speed trap, he realises he is travelling
too fast. He immediately applies the brakes of the car while still 100 m
away from the speed trap.

(@) Calculate the magnitude of the minimum acceleration which the car
must have to avoid exceeding the speed limit, if the municipal speed
limitis 16.6 m-s~1,

(b) Calculate the time from the instant the driver applied the brakes un-
til he reaches the speed trap. Assume that the car’s velocity, when
reaching the trap, is 16.6 m - s~ 1.

12. A traffic officer is watching his speed trap equipment at the bottom of
a valley. He can see cars as they enter the valley 1 km to his left until
they leave the valley 1 km to his right. Nelson is recording the times of
cars entering and leaving the valley for a school project. Nelson notices a
white Toyota enter the valley at 11:01:30 and leave the valley at 11:02:42.
Afterwards, Nelson hears that the traffic officer recorded the Toyota doing
140 km-hr=1.

(@) What was the time interval (At) for the Toyota to travel through the
valley?

(b) What was the average speed of the Toyota?

(c) Convert this speed to km-hr—1,

(d) Discuss whether the Toyota could have been travelling at 140km-hr—!
at the bottom of the valley.

(e) Discuss the differences between the instantaneous speed (as mea-
sured by the speed trap) and average speed (as measured by Nelson).

13. [IEB 2003/11HG] A velocity-time graph for a ball rolling along a track is
shown below. The graph has been divided up into 3 sections, A, B and C
for easy reference. (Disregard any effects of friction.)

velocity (m-s™1)

A B C
06fbemm e~ A
| | |
| | |
| | |
| | |
| | |
| | |
| | |
0 L L L time (s)
I's "0 & N 12
02 oo Ao ______ (R
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(@) Use the graph to determine the following:
i. the speed 5 s after the start
ii. the distance travelled in Section A
iii. the acceleration in Section C

(b) At time t; the velocity-time graph intersects the time axis. Use an
appropriate equation of motion to calculate the value of time t; (in s).

(c) Sketch a displacement-time graph for the motion of the ball for these
12 s. (You do not need to calculate the actual values of the displace-
ment for each time interval, but do pay attention to the general shape
of this graph during each time interval.)

14. In towns and cities, the speed limit is 60 km-hr=t. The length of the
average car is 3.5 m, and the width of the average car is 2 m. In order to
cross the road, you need to be able to walk further than the width of a car,
before that car reaches you. To cross safely, you should be able to walk
at least 2 m further than the width of the car (4 m in total), before the car

reaches you.

L, what is your walking speed in

(@) If your walking speed is 4 km-hr~
m-s—12

(b) How long does it take you to walk a distance equal to the width of
the average car?

(c) What is the speed in m - s~! of a car travelling at the speed limit in a
town?

(d) How many metres does a car travelling at the speed limit travel, in
the same time that it takes you to walk a distance equal to the width
of car?

(e) Why is the answer to the previous question important?

(f) If you see a car driving toward you, and it is 28 m away (the same as
the length of 8 cars), is it safe to walk across the road?

(g) How far away must a car be, before you think it might be safe to cross?
How many car-lengths is this distance?

15. A bus on a straight road starts from rest at a bus stop and accelerates at
2 m-s~2 until it reaches a speed of 20 m-s~!. Then the bus travels for 20 s
at a constant speed until the driver sees the next bus stop in the distance.
The driver applies the brakes, stopping the bus in a uniform manner in
5s.

(@) How long does the bus take to travel from the first bus stop to the
second bus stop?

(b) What is the average velocity of the bus during the trip?

More practice @videosolutions @orhelpatwww.everythingscience.co.za
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(1.) 00a7  (2.) 00a8 (3.) 00a9 (4.) 00aa  (5.) 00ab  (6.) 00ac
(7.) 00ad  (8.) 00ae (9.) 00af (10.) 00ag (11.) 00ah (12.) OOai

(13.) 00aj (14.) 00ak (15.) 00am
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