
Unit 3: Motion



Error and Discrepancy

Accuracy: 

How close you are to the actual answer 

Precision:

How close measurements are to each other.

The difference between accuracy and precision can be explained 

using diagrams:



 The goal of scientific measurements is to be both accurate and precise.  

When taking measurements in a lab, error in inherent in the devices we use 

and the procedures we use, but as scientists we take all precautions and steps 

to reduce error as much as possible.

Error: the uncertainty in a measurement



There are 3 main sources or error in 

experiments:

(1) Random Error: is an error that affects an instrument reading different 

each time a reading is taken.  

Reduce this error by : taking multiple measurements.

Example of this type of error: 

Usually a ruler where the length is between two values.  You will need to 

estimate the last digit.



(2) Systematic error: is an error that is inherently part of the measuring 

instrument.  

Reduce this error by 

Inspecting and calibrating instruments regularly

Example of this type of error: 

- A clock running slower due to a battery that is almost dead

- Rounded/damaged edge of a ruler 



(3) Parallax error: the change in relative position of an object with a change 

in viewing angle.  

Reduce this error by: 

a. taking readings in a perpendicular line that joins the eye and the scale

b. minimize the distance between you, the scale and the object being 

measured

Example of this type of error: 

Viewing the speedometer of a car.  The driver and the passenger would 

not see the same reading.

Note: Parallax and random error are related.  If different people read a 

balance at a different angle, this is a source of random error.  However, 

each individual reading was subject to parallax.



Significant Digits (S.D)

Significant digits, or significant figures, are an indication of the certainty 

of a measurement.

The number of certain digits plus one estimated (uncertain) digit is 

reported in a measurement

The greater the number of significant digits, the greater the certainty of 

the measurement



 The rules for determining which digits in a measurement are significant are 

listed below.  These rules will provided for testing purposes but you must 

know how to apply them in the lab and in word problems.

 1. All non-zero digits are significant

 Examples: 24.7 m = __________ 5137 s = __________ 6 hours = __________
3 S.D 4 S.D 1 S.D

2. Zeros between non-zero digits are significant.

Examples: 20003 km = ______      40.79 m = _______       1.03 s = __________5 S.D 4 S.D 3 S.D



 3. Zeros at the beginning of a number are not significant.



 Examples: 

 0.0071 m = _______ 0.41 g = ______ 0.0000909 mm = __________
3 S.D2 S.D2 S.D



 4. Zeros at the end of a number after a decimal point are significant.



 Examples: 

 43.00 kg = __________ 1.010 m = __________ 9.00 m/s = __________4 S.D 4 S.D 3 S.D



 5. Zeros at the end of a number without an explicit decimal point are not 

significant.



 Examples: 

 500 km  = __________ 250 m = __________ 1020 mL = __________1 S.D 2 S.D 3 S.D

If we insert a decimal we are assuming the 0s at the end are significant

500. km = 3 S.D 250. M = 3 S.D 1020. = 4 S.D



 6. Exact numbers have infinite significant digits.  Examples include objects 

that can be counted and conversion factors.

 How many projectors are in the room?

 1?  This has an infinite number of significant digits because it is used to count.



Significant Figures and Mathematical 

Operations

 When we perform mathematical operations (i.e. multiplying and dividing), we 

must take in to account the significant figures which go in to making the 

result and quote the correct significant figures in the final result. 

Rule: Addition and Subtraction

Report the final result to have the least decimal places as the values which went in 

to producing that result.

Rule: Multiplication and Division

Report the final result to have the least total significant figures as the values which went 

in to producing that result.

Rounding: When rounding, for five (5) and above, round up. For values below 5, round 

down.



Sample Problems

 Report each final value with correct units and significant figures.

(a) 12.5cm - 3.12cm

(b) 0.80m + 0.221m

(c) 3.5m / 2.06s

(d) 9cm2 x 9.34cm

Addition and subtraction problems 

so can only have lowest number of 

decimal places

9.38 cm = 9.4 cm 

Division and multiplication problems 

so can only have lowest number of 

significant digits total

1.021 m = 1.02 m 

1.6990299… m/s = 1.7 m/s 

84.06 cm3 = 80 cm3 Remember trailing 0’s are not significant 

unless there is a decimal so 80 has 1 S.D



Complete Practice for Homework



Scientific Notation

 A convenient method of expressing either a very large or a very small number 

as a coefficient multiplied by an exponent (power of 10)

 Example:

25000 m

2.5 x 104

The exponent is how many places the decimal has 

moved to the left or right

Left is + and right is -



 Numbers greater than 1 have ____________________ exponents

 Numbers less than 1 have _____________________ exponents
negative

positive



Convert each of the following into scientific notation:

a) 3200 = e) 25 = 

b) 0.00855 = f) 0.0305 = 

c) 47045 = g) 0.0082 = 

d) 4.05 = h) 243 = 

3.2 x 103 2.5 x 101

8.55 x 10-3 3.05 x 10-2

4.7045 x 104 8.2 x 10-3

4.05 or 4.05 x 100 2.43 x 102

Since 100 = 1



 This means that very large numbers AND very small numbers can be 
conveniently quoted with scientific notation.



 Problems:



 1. Convert the following into scientific notation.



 300 000 000 m/s = _______________________________



 0.0003634 km/h = _______________________________



 7543 mm = ______________________

3.0 x 108 m/s

3.634 x 10-4 km/h

7.543 x 103 mm



+ exponent move the decimal right 

 2. Convert the following from scientific notation to decimal notation.

 2.75 x 104 m = 

_____________________________________________________________

 $2 x 106 = 

_________________________________________________________________

 1.602 x 1019 J = 

____________________________________________________________

move 4 places right you will need to add 0’s = 27500 m

Need to add 6 extra 0’s in order to move right to get $2000000 

Have to move 19 places right!! And add 16 extra 0’s!!1!   

16020000000000000000 J



– exponent move the decimal left

4.25 x 10-3

3.00 x 10-4

Add three zeroes in front and place a decimal between 

the first two = 0.00425

Add four zeroes in front and place a decimal between 

the first two = 0.000300

Copy these down on the bottom of the page

GENERAL RULE: for negative exponents add in the same number of 0s 

as the exponent before the number and put a decimal between the 

first and second 

i.e 1.25 x 10-3 add in three 0’s to get

000125 Then place the decimal between the first two 0’s

0.00125



Make sure to practice these on your 

own!



Units and Unit Conversions

 SI (Systeme Internationale) System: units system used worldwide

 Base unit for time = 

 Base unit for distance = 

Second (s)

Meter (m)

With any measurement in science, there are two important parts:

1)

2)
Magnitude (numerical value)

Units

Each part is of equal importance! Quite often, we make a measurement in 

one unit, yet will wish to convert the value to another unit.



 Length Measurements

 For length (and distance) measurements, we need to know the SI prefixes 

which convert from the base unit of metres, "m" to a derived unit such as 

kilometres, km.

 The list of prefixes are below, with their full names, their prefix symbol, and 

the factor of 10 that they represent



 Quite often we will be given a value, with its given units. We will want new units, which will have a 
new value. The new units is our goal, our "target" units.

 To convert between one unit and another:



 Method 1: Unit factors



 Idea: 1. Given a value, with its "given" units.



 Note the "target" or new units that we want.



 Set up a conversion factor, using the "factors of 10". Important: In our conversion factor, the new 
"target" units (that we want) go on the top (numerator). The "given" units (which must cancel) go on 
the bottom (denominator).

EXAMPLE

Convert 500 cm to meters

500 cm x 
1𝑚

100𝑐𝑚
= 5 𝑚

Numerator

Denominator



 Sample Problem 1

Convert 2.15m to centimeters, cm.

Step 1: Write down the number you have with 

its units.
2.15 m

Step 2: Multiply it by the unit that you want to convert 

it to and divide it by the unit that it currently is.

2.15 m x  ----
𝑐𝑚

𝑚

Step3: Place your conversion ratio above and below the 

line and multiply then divide.  In this case 100 cm = 1m.  

This will cancel out the units. 

2.15 m x  
100𝑐𝑚

1𝑚
= 215 cm



 Sample Problem 2 - Multi step can be done several different ways if you 

know bigger conversion ratios you can skip steps

 Convert 3500mm (millimetres) to kilometres, km.

3500 mm

3500 mm x 
1 𝑐𝑚

10𝑚𝑚
x 

1𝑚

100𝑐𝑚

3500 mm x 
1 𝑐𝑚

10𝑚𝑚

3500 mm x 
1 𝑐𝑚

10𝑚𝑚
x 

1𝑚

100𝑐𝑚
x 

1𝑘𝑚

1000𝑚

We need to add in another 

conversion ratio.

We need to add in another 

conversion ratio.

We finally have kms on top 

where we need it.Now we need to 

cancel out the units

Now we will have an 

answer left in kms= 0.0035 km



Method 2: Moving the decimal place

 Idea:

 1. Given a value, with its "given" units.   

 2. Note the "target" or new units that we want.



 3. Move the decimal as many places as required, according to the "factors of 

10" between the two units. Important: Make sure you move the decimal in the 

correct direction. If the target "want" unit is a larger unit than the "given" 

unit, move the decimal to the left. If the target "want" unit is a smaller unit 

than the "given" unit, move the decimal to the right.





 Sample Problem 1

 Convert 2.15m to centimeters, cm.
Converting from m to cm means you 

have to make two jumps right, 

meters is our base unit so we move 

the decimal two places right2.15

215 cm



 Sample Problem 2

 Convert 3500mm (millimetres) to kilometres, km.

3500 Converting from mm to km means 

you have to make six jumps left.

I NEED MORE 0’S  

ahhhhh

000

There they 

are!
6 dips!

0.003500km



Time to work on practice!



Time Unit Conversions

 Converting between the various units of time is an important skill in the study 

of motion. Remember these "time unit facts":

 1 minute = _____ seconds 1 hour = _____ minutes

 To convert between values using different units of time, the unit factor 

method is useful.

 Also note that if a time unit is given as a decimal, the conversion is a little 

different than if a time value is given as a "mixture of two time units" 

(compare Sample Problem 1 to Sample Problem 2 ).

60 60 1 hour = 3600 seconds



 Sample Problem 1

Convert 3.5 minutes to seconds.

3.5 min x 
60 𝑠

1𝑚𝑖𝑛

3.5 min

Use conversion of 1 min = 60 seconds 

and remember how to cancel the units 

properly

We end up with 3.5 x 60 = 210 s



 Sample Problem 2

 Convert 2 minutes and 14 seconds to seconds only.

To do this problem we will 

need to convert the minutes to 

seconds and then add
2 min x 

60𝑠

1𝑚𝑖𝑛
= 120 s

120 s + 14 s = 134 s



 Sample Problem 3

 Convert 2.1 hours to seconds.

To do this problem we will 

need to convert hours seconds 

using 1h = 3600 s
2.1 h x 

3600𝑠

1 ℎ
= 7560 s

Or if you can not remember 

1h = 3600 s do it in two 

steps.

2.1 h x 
60𝑚𝑖𝑛

1 ℎ
x 

60𝑠

1𝑚𝑖𝑛
= 7560 s



 Instead of using the conversion factor method above, we may wish to use the "time unit facts" above to convert between time units. Consider:

 1 minute = ____ seconds.  So:  For minutes to seconds, ________________ by ____ For seconds to minutes, ________________ by ____.

 1 hour = ______ minutes.  So:  For hours to minutes, _________________ by ____ For minutes to hours, _________________ by ____.

 1 hour = ______ seconds.  So:  For hours to seconds, _________________ by ______ For seconds to hours, _________________ by ______.

60 multiply Divide60 60

60 multiply 60 Divide 60

3600 multiply 3600 Divide 3600

Note that for each of the conversions above, to go to the smaller time unit

we multiply. To go to the bigger time unit we divide



Practice



Special Conversions

 To convert from km/h to m/s divide by 3.6

 To convert from m/s to km/h multiply by 3.6

Sample Problems

Complete each conversion..

(a) 50.0km/h to m/s

50 km/h ÷ 3.6 = 13.89m/s

(b) 12m/s to km/h =

12 m/s x 3.6 = 43.2 Km/h



 Conversions you should know:

 10 mm = 1 cm 100 cm = 1 m 1000 m = 1 km 1000 mg = 1 g

 1000 g = 1 kg 1000 ms = 1 s 60 s = 1 min 60 min = 1 h



LOTS OF PRACTICE!



Measurement and Significant Figures

 Quick Activity: Making Measurements



Investigation  – we will do this soon



Section 5.1: Describing Motion

 Motion

The process of changing position

Linear (one-dimensional) Motion:

Motion along a straight line.  Examples include up-down, left-right, 

east-west.



Section 5.1: Describing Motion

Reference Point: 

A stationary point used to describe the location of the position of an 

object

Distance:
The length of the path taken by an object (d)

Displacement:

Straight line path, or the difference between the initial position and 

the final position of an object.

Position:

Length and direction of a straight line from a reference point to the 

location of an object.



 Identify the similarities and differences between these two sets of numbers.

 Set A → 6.0 s 4 m/s 7 m

 Set B → 10 m/s [N] -9.3 m/s2 12 m [W]

Set A: Has a number (magnitude) and a unit

Set B: Has a number (magnitude), a unit and a direction indicated 

- Directions can be written in square brackets i.e [N]  North 

or  use  + and – signs.



Scalar

 - has magnitude (a number quantity) and a unit

 i.e 4 m/s

 4 = magnitude

 m/s = unit



Vector

 Has magnitude (a number quantity), unit and a direction

 i.e 10 m/s [N] -9.3 m/s2

 10 = magnitude 9.3 = magnitude

 m/s = unit m/s2 = unit

 [N] = direction - = direction



 Classify the following as Scalar or Vector:



 (a) 50 kg __________________ (b) -2.1 m/s2 __________________



 (c) 6.0 km/h [N] __________________ (d) 2000 kg/m3 __________________



 (e) 6 centuries __________________ (f) 800.0 kg  __________________



 (g) 1.0 kg/week __________________ (h) 20.0 m/s [S] __________________



 (i) 40 N [down] __________________

S V

V S

S S

S V

V



Quantity Scalar or Vector Symbol Example

Position

or  

Distance

Displacement

or

Time

Vector                     3.2 m [W]

Scalar                     d 6.5 km                     

Vector                     -82 m                     

Scalar                     t 24 s                    



Adding and Subtracting Vectors Analytically: 

Calculating Distance and Displacement

 Ex. 1 A person walks 2.0 m to the right, then 3.0 m to the left. What is the 

person’s distance and resultant displacement?

 Distance = add all magnitudes and ignore direction

 Displacement

 Convert directions to + and – signs then add

d = (2.0m) + (3.0m) = 5m

= 2.0m [R] + 3.0m [L]

= (+2.0m) + (-3.0m)

= -1.0 m  Convert + and – back to direction for answer of

1.0 m [L]



Ex. 2 A car travels 10 km [N] , then turns and 

travels 8 km [S].  Find the car's distance and 

displacement.

Distance 

d = 10 km + 8km = 18km

Displacement 

= 10 km [N] + 8 km [S]

= (+10km) + (-8km)

= +2km

= 2km [N]



Ex. 3 If a shopper walks 20 m east, 42 m west 

and then 14 m east, what is the resultant 

displacement of the shopper?

= 20 m [E] + 42 m [W] + 14 m [E]

= (+20 m) + (-42 m) + (+14 m)

= -8 m

= 8 m [W]



Ex. 4 Find John's distance if he runs 6.00 km 

[N],12.00 km [S] and then 7.00 km [N].

d = 6.00 km + 12.00 km + 7.00 km = 25.00km



Ex. 5 A jogger runs 2 laps around a 500 m oval 

track.  What is the jogger's displacement?

0  why?

If the object returns to the starting point it did not change location therefore 

= 0

because final position subtract initial position is 0



 Given any two of the three, we will wish to calculate the third quantity.



 IMPORTANT: Watch the units! Always include units with every value, and

cancel units as you go along. Lastly, always quote the final units with the 

final answer.



 If we choose to rearrange this formula, we get:

for distance, d:   d = vt

for time, t:     t =
𝑑

𝑣



 Speed

the rate at which someone or something is able to move or operate.

 Constant speed

When the speed of an object remains the same - it does not increase or decrease.



 Average speed

 The total distance traveled divided by the total time taken to 
travel it

Mathematically: Average speed = 
𝑇𝑜𝑡𝑎𝑙 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 𝑇𝑟𝑎𝑣𝑒𝑙𝑒𝑑

V = 
𝑑

𝑡



6. Speed, Distance, and Time



Investigation #2 – coming soon



 Sample Problems

 Zeke runs 18m in 3.4 seconds. What's Zeke's average speed?

V = 
𝑑

𝑡

Step 1: Write down what you know to find out what you are looking for.

d = 18 m

t = 3.4 s

v = ?

Step 2: Now that you know what you are looking for, write down the 

formula.

Step 3: Now that you have your formula written down fill in the 

information that you have been given and solve it.

=
18𝑚

3.4 𝑠
= 5.2941 m/s

Step 4: DO NOT FORGET SIGNIFICANT DIGITS!!

= 5.3 m/s



 Jerry hikes 4.4 hours at a speed of 2.6km/h. What distance does Jerry hike?

d = ?

t = 4.4 hours

v = 2.6 km/h

d = vt

d = 4.4 h x 2.6 km/h

Remember how we crossed out units on top and 

bottom before? We can do it here too!  The h on 

the 4.4 h is on “top” and the h on the 2.6km/h is 

on the “bottom” 

d = 11.4 km Our answer can only have 2 significant digits!

d = 11 km



 How long does it take to cycle 21.5km at a speed of 23.5km/h?

d = 21.5 km

t = ?

v = 23.5 km/h

t =
𝑑

𝑣

t =
21.5 𝑘𝑚

23.5 𝑘𝑚/ℎ

Remember how we crossed out units on top and 

bottom before? We can do it here too!  The km on the 

21.5 km h is on “top” and the km on the 23.5 km/h is 

on the “bottom” 

Now the h is under two 

division symbols so it is now 

really on top!  Remember in 

math division by a fraction 

means multiply by the 

reciprocal

t = 0.91489….h

t = 0.915 h



Practice!

 Worksheet: Speed, Distance, and Time

 Answers to worksheet, write these numbers by the question and try to 

work it out to get it.  Trust me writing down the answers and not doing any 

of the workings does not help you learn how to do it.  It shows that you 

can copy something from the board.

 1.) 21 m/s 2.) 18 m 3.) 960 s 4.) 29.6 m/s 5.) 11000 m

 6.) 47 s 7.) 4 cm/s or 0.04 m/s 8.) 21 min 9.) 6 h and 41 min

 10.) TBD



Velocity

In terms of scalar measurements, speed is what we get when 

we look at distance traveled over a certain time period.

speed (v): the distance traveled over time: 𝑣 =
𝑑

𝑡

In terms of vector measurements, we have velocity:

velocity, (𝒗)  : the rate at which displacement changes 

over time:



Sample Problem 1:

 A cart is pushed 25 m west for 7.0 seconds. It then turns, and goes 16 m east 

in 4.0 seconds. For the cart, what is the:

 A) distance traveled?

d = 25 m + 16 m = 41 m



Sample Problem 1:

 A cart is pushed 25 m west for 7.0 seconds. It then turns, and goes 16 m east 

in 4.0 seconds. For the cart, what is the:

 b) displacement

= 25 m [W] + 16 m [E]

= (-25) + (+16)

= -9 m

= 9 m [W]



Sample Problem 1:

 A cart is pushed 25 m west for 7.0 seconds. It then turns, and goes 16 m east 

in 4.0 seconds. For the cart, what is the:

 c) speed?

= 
41𝑚

11 𝑠
= 3.727… m/s = 3.7 m/s 



Sample Problem 1:

 A cart is pushed 25 m west for 7.0 seconds. It then turns, and goes 16 m east 

in 4.0 seconds. For the cart, what is the:

 d) velocity

= 
9𝑚 [𝑊]

11 𝑠
= 0.818181… m/s =  1 m/s [W] 



Sample Problem 2:

 A bus drives at 55km/h north for 1.8hours. It then drives at 75km/h south for 

1.1hours. Determine the:

 A) distance traveled by the bus

d = vt = 55 x 1.8 = 99 km [N]

d = vt = 75 x 1.1 = 82.5 km [S]

d = 99 + 82.5 = 181.5 km = 180 km



Sample Problem 2:

 A bus drives at 55km/h north for 1.8hours. It then drives at 75km/h south for 

1.1hours. Determine the:

 b) displacement of the bus

= 99 km [N] + 82.5 km [S]

= (+99) + (-82.5)

= +16.5 km

= 16.5 km [N]



Sample Problem 2:

 A bus drives at 55km/h north for 1.8hours. It then drives at 75km/h south for 

1.1hours. Determine the:

 c) average speed

= 
181.5 𝑘𝑚

2.9 ℎ
= 62.586… km/h =  63 km/h 



Sample Problem 2:

 A bus drives at 55km/h north for 1.8hours. It then drives at 75km/h south for 

1.1hours. Determine the:

 D) average velocity

= 
16.5 𝑘𝑚 [𝑁]

2.9 ℎ
= 5.6896… km/h =  5.7 km/h [W] 



Comparing Average Speed with Average 

Velocity

 Definitions for the terms average speed, constant speed and instantaneous speed 
still apply when talking about velocity, just that now we need to include a 
direction.

 Average Velocity:  

 The overall rate of change of position from start to finish.

 Average velocity is like average speed plus a direction

 Instantaneous Velocity:  

 The change in position over an extremely short period of time.  

 Instantaneous velocity is like instantaneous speed plus a direction.  The velocity at 
an instant of time in a given direction.  

 The average velocity becomes equal to the instantaneous velocity if the time 
period is extremely small.



 Constant Velocity:

 The change in position and direction remain the same over time.

 Constant velocity is like constant speed plus a direction.



Comparing Average Speed and Average 

Velocity Calculations:

 Example 1: A jogger runs 52 m East in 10.0 s and then 41 m West for 8.0 s. 

 A) What is the total distance traveled?

 B) What is the total displacement?

d = 52 m + 41 m = 93 m

= 52 m [E] + 41 m [W]

C) Calculate the average speed.

D) Calculate the average velocity. 

= (+52 m) + (-41 m)

= +11

= 11 m [E]

v = 
𝑑

𝑡
= 

93

18.0𝑠
= 5.2 𝑚/𝑠

=

t
= 
11𝑚 𝐸

18 𝑠
= 0.61 𝑚/𝑠 [𝐸]



Comparing Average Speed and Average 

Velocity Calculations:

 Example 2: A jogger runs at 5.20 m/s North for 125 s and then 6.40 m/s South for 90.0 s. What is the jogger’s 

average speed and average velocity?

 A) What is the total distance traveled?

 B) What is the total displacement?

d = 5.20 m/s [N] x 125 s = 650. m [N]

= 650 m [N] + 576 m [S]

C) Calculate the average speed.

D) Calculate the average velocity. 

= (+650 m) + (-576 m)

= +74 m

= 74 m [N]

v = 
𝑑

𝑡
= 
1226𝑚

215𝑠
= 5.70 𝑚/𝑠

=

t
= 
74𝑚 𝑁

215 𝑠
= 0.344 𝑚/𝑠 [𝑁]

We have to calculate distance for each part using d = vt

d = 6.40 m/s [S] x 90 s = 576 m [S] d = 650 m + 576 m

d = 1226 m

= 0.34 𝑚/𝑠 [𝑁]



Investigation 4

Slow Motion and Fast Motion

Soon

Quiz is coming soon



Uniform Motion – Position-Time Graphs

1.) In Graph A how far does the object travel 

in 8.0 s?

About 3.3 m



2.) In Graph B, what is the initial 

position?

+6 m or 6m [R]



Uniform Motion Graphs
3.) What is the distance travelled from 2.0s 

to 12.0s for graph A? 

At 2 s the car is at 0.8m.

.

.

At 12 s the car is at 5m.

d = 5 m – 0.8 m 

d = 4.2 m



3.) What is the distance travelled 

from 2.0s to 12.0s for graph B? 

.

At 2 s the car is at 2 m.

.

At 12 s the car is at 7 m.

d = 7 m – 2 m 

d = 5 m 



4.) What is the total displacement of 

graph B?
.

The car starts at +6 m

The car ends at +7 m

.

Remember displacement is 

final position subtract 

initial position.

= (+7) – (+6) 

= +1m or 1 m [R] 



5.) How far has the object traveled 

in 4.0 s?

Initial position is 0m

.

Final position is 80m

d = 80 m – 0 m

= 80 m

.

6.) What is the final displacement 

of the object in Graph C?

Initial position is +0 m

Final position is +80 m

= (+80 m) – (+0 m) 

= +80 m or 80 M [R]



7.) In Graph D, find the distance and 

displacement from 1.0s to 6.0 s.

.

.

1.0 s = +40 m

6.0 s = -60 m

d = 40m + 60m = 100m

= (-60 m) – (40 m) 

= - 100 m or 100 m [L]

Remember we add for distance

8.) In graph D what happens at 

3.0s?

The object has returned to 

its reference point.



9.) How would you determine how fast 

each object moves?

 Find the slope of each line segment



10.) How does the motion of the objects 

in Graphs A and C compare?

Graph A and C both show uniform motion to the right [R] (Straight line distance-time (d-t).  But 

Graph C stops after 2 s of motion



Analysis of Uniform Motion Graphs

 Graphing Tips

 Independent variable goes on the __________ and Dependent variable goes on 
the __________

 __________________ is finding values between points on a graph

 __________________ is finding values beyond points on a graph

 Always include a title and axes labels with units

 Sometimes you may be required to draw a line of best fit

 We’ve already learned how to calculate average velocity using the formula:

 We can also use graphs to tell us information about an object’s motion.  For 
now, we will just look at graphs for uniform motion (constant velocity).

V = 
𝑑

𝑡

X - axis

Y - axis

Interpolate

Extrapolate



Position versus Time Graphs

 The independent variable is _______________ and the dependent variable is 

______________

 To find the _______________ of an object you must calculate the 

_______________ of the line on the position versus time graph

 The steeper the slope, the ______________ the object

 When an object is stopped, the slope of the d vs. t graph is _______________

Always give straight line graphs for uniform motion

time

position

Velocity (speed)

slope

faster

0…a Horizontal line



Example 1: The position versus time graph 

below shows the motion of a car driving east 

down the TCH.  Find the car’s velocity.

Velocity = slope of position time graph

Slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛

Pick any two points on the graph and 

create a triangle

.

.

V= 
+25𝑚

+5 𝑠

V= +5 m/s

V= 5 m/s [E]

(+30) - (+5) = +25

(+6) - (+1) = +5

Vertical = rise = distance upwards on triangle, 

starts at 5, ends at 30. 25 meters [E]

Horizontal = run = distance left on triangle, 

starts at 1 second, ends at 6 seconds. +5 

seconds.

Make sure your lines meet at the intersections or this will not work!!



Example 2: Find the velocity of each runner.  

Consider the positive direction to be east.

Velocity = slope of dt graph

A) Slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
=

2𝑚

4 𝑠
= 0.5 m/s 

B) Slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
=

5𝑚

6 𝑠
= 0.8 m/s 

C) Slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
=

3𝑚

5 𝑠
= 0.6 m/s 

Since B is the steepest it must be traveling the fastest so its slopes should be the 

largest. 



Example 3: The graph below represents the 

uniform motion of 2 cars, A and B, driving 

north along the highway. Use the Graph to answer the following questions:

(a) Make a qualitative observation to determine which 

car is moving faster. Explain.

(b) Determine, quantitatively, which car is moving 

faster. Show workings.

(c) What has happened to car B after 1.5 hours? 

___________________________

(d) What is the velocity of Car B at 2.00 hours? 

_____________________________

Car A is moving the fastest since its 

slope is the steepest

A: slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
200𝑘𝑚

2.5 ℎ
= 80𝑘𝑚/ℎ

B: slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
50𝑘𝑚

1 ℎ
= 50𝑘𝑚/ℎ

Slope = 0 so the car is stopped

Slope = 0 so the car is stopped



(e) Using the slopes calculated in question 

(b), draw a velocity-time graph for both cars.

(Km/h)

t (h)

20

40

60

80

100

0.5 1 1.5 2 2.5

Car A: same speed for 2.5 hours

Car B: 50 km/h for 1.5 hours

Car B: 0 km/h for 1 hour



Complete Worksheets on Graphing



Uniform Motion at Different Velocities

Let us consider an example in which one uniform velocity changes abruptly to a 

different velocity.

Example 1: The following position-time graph depicts the motion of a jogger moving 

east along a straight path.
Examine the graph to answer the following questions.

(a) Describe the motion of the jogger at

A: ___________________________________________________

B: ___________________________________________________

Moving [R] 500m in 100 s with a uniform velocity 

=
500𝑚

100 𝑠
= 5 m/s [R]

Moving [R] 250m in 100 s with uniform velocity.  

=
250𝑚

100 𝑠
= 2.5 m/s [R]



Uniform Motion at Different Velocities

Let us consider an example in which one uniform velocity changes abruptly to a 

different velocity.

Example 1: The following position-time graph depicts the motion of a jogger moving 

east along a straight path.
Examine the graph to answer the following questions.

(a) Describe the motion of the jogger at

C: ___________________________________________________

D: ___________________________________________________

Object is stopped from 200s to 300s

=
0𝑚

100 𝑠
= 0 m/s

Moving [L] 750m in 200 s with uniform velocity.  

=
−750𝑚

200 𝑠
= -3.75 m/s 

or 3.75 m/s [L]



b) When was the jogger running faster?

From 0 s to 100s because it has the steepest 

slope which had a velocity of 5m/s [R]



c) What was the furthest point reached 

by by the jogger?

750 m [R] of the reference point



(d) State the jogger’s displacement for the 

following intervals.
(i) 0 to 200 s

= (+750 m) – (0 m) = +750 m or 750 m [R] 

Remember displacement is final 

position subtract initial position

(ii) 100 to 300 s

= (+750 m) – (+500 m) = +250 m or 250 m [R] 

(iii) 300 to 500 s

= (0m) – (+750 m) = -750 m or 750 m [L] 

.

.

.

..

.
(iii) 0 to 500 s

= (0m) – (0 m) = 0 m 
. .



(e) Find the velocity for each of the lettered 

sections, A, B, C, and D.

A: slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
+500𝑚

100𝑠 = +5 m/s or  5 m/s [R]

B: slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
+250𝑚

100𝑠
= +2.5 m/s or 2.5 m/s [R]

C: slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 

0𝑚

100𝑠
= 0 m/s

D: slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
−750𝑚

200𝑠
= -3.75 m/s or 3.75 m/s [L]

No Rise!



F) What is the total distance traveled by 

the jogger?

d = dA+ dB + dc + dd

d = 500 m + 250 m + 0 m + 750 m 

d = 1500m



Practice Problems in your notes



Velocity at a Point

INSTANTANEOUS VELOCITY

 Given a position-time graph of a moving object, how can we determine the 

object’s velocity when the velocity constantly changes?  

 The position-time graph for a moving car, illustrated below, shows an example 

of increasing velocity.  Initially, the graph line is horizontal and indicates that 

the car is at rest.  As the car starts to move and increases its velocity, the 

slope of the curve increases as time increases.  



 To determine the velocity at point A on the graph, we 

must determine the slope of the graph at that 

moment. 

 To this point, we have dealt only with straight-line 

graphs.  To find the slope of a curve at a specific 

point requires an extra step.  

 Through point A, draw a straight line that has the 

same slope as the graph at point A.  

 If the line is drawn at the wrong angle, it will cross 

the graph at point A.  The line you want just touches 

the graph at point A.  Such a line is called a tangent.  

When you find the slope of this tangent and you will have the 

velocity of the car at that particular time.



Velocity is equal to the slope of the tangent 

to a position-time graph.

Step 1: Draw your tangent line

Step 2: place your rise over run on that 

line and 

5 m

6 s

Step3: Calculate your rise over run.

Example1:  On the following position-time graph, find the velocity at 6.0 s, 11.0 s, 

and 13.5 s by finding the slope the tangent to the graph at each of the points.

Slope =
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
5𝑚

6𝑠
= 0.8 m/s



Velocity is equal to the slope of the tangent 

to a position-time graph.

Step 1: Draw your tangent line

Step 2: place your rise over run on that 

line and 

-3 m

6 s

Step3: Calculate your rise over run.

Example1:  On the following position-time graph, find the velocity at 6.0 s, 11.0 s, 

and 13.5 s by finding the slope the tangent to the graph at each of the points.

Slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
−3𝑚

6𝑠
= -0.5 m/s



Velocity is equal to the slope of the tangent 

to a position-time graph.

Step 1: Draw your tangent line

Step 2: place your rise over run on that 

line and 

-3.1 m

5.7 s

Step3: Calculate your rise over run.

Example1:  On the following position-time graph, find the velocity at 6.0 s, 11.0 s, 

and 13.5 s by finding the slope the tangent to the graph at each of the points.

Slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
−3.1𝑚

5.7𝑠
= -0.5438… m/s

Sometimes the lines do not work out 

perfectly and you have to estimate.

= -0.54 m/s  

SIGNIFICANT DIGITS



Practice Problems



Investigation #5

 Motion down an inclined plane



Graphical Analysis

 We can interpret information about the motion of an object simply by looking 

at the graph.  You have already learned that:

 The slope of a position versus time graph gives us the _______________ 

of the object.

 Without using numbers let us consider the following position versus time 

graphs and ask ourselves the following questions:

Velocity



Graphical Analysis

 What direction is the object moving?

 Is the object stopped, moving with a constant speed, speeding up or slowing 

down?

 Is the motion uniform or non-uniform?

 Recall:

 Positive directions include 

 Negative directions include 

Is the slope positive (+) or negative (-)

Straight position time graph or curved?

North, East, Right, Up

South, West, Left, Down



Speeding up/slowing down
copy this down on bottom of page.

 The position time graph must be a curve.

 If the tangent line slope increases as you move right it is speeding up.

 .ie



Copy this down on the bottom of the 

page

 If the tangent lines slope decreases as you go right it is slowing down.

 i.e



Examples

- Moving in a positive (+) 

direction with uniform motion

- Started at a reference point 

and finished [R] of the R.P



- Moving in a negative (-) 

direction with uniform motion

- Started [R] of reference point 

and finished at the R.P



- Object is stopped

- To the right of the R.P



- Moving in a positive (+) 

direction with non-uniform 

motion

- Object is speeding up, Tangent 

line is increasing

- Started at reference point, 

finished [R] of reference point



- Moving in a positive (+) 

direction with non-uniform 

motion

- Object is slowing down. Tangent 

is decreasing in slope

- Started at reference point, 

finished [R] of reference point



- Moving in a negative (-) 

direction with non-uniform 

motion

- Object is slowing down. Tangent 

is decreasing in slope

- Started [R] of reference point, 

finished [R] of reference point 

but closer to R.P



- Moving in a negative (-) 

direction with non-uniform 

motion

- Object is speeding up. Tangent 

is increasing in slope

- Started [R] of reference point, 

finished [R] of reference point 

but closer to R.P



Considering all the shapes of graphs that we have just reviewed, let’s use numbers to illustrate physical 

examples.  

Example 1: The graph below shows the 

motion of a dog moving east.  Answer the 

questions that follow
(a) What is the initial position of 

the dog?

(b) How far has the dog travelled in 

17.0 s?

5 m [E] of R.P

0-5 s = 15 m

20-5 = 15

5-12 s the dog did not move

12-17 s = 2.5 m

20 – 17.5 = 2.5

d = 15 m + 0 m + 2.5 m = 17.5 m



(c) What is average velocity for the 

first 5.0 s?

= 
+15𝑚

5 𝑠
= +3𝑚/𝑠

3 m/s [E]

Start at 0 s and 5m, ends at 5 s and 20 m

= (+20m) – (+5m) = +15m



(d) What is the instantaneous velocity at 21.0 s?

= slope of tangent line

= 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
4𝑚 −12𝑚

24𝑠 −21𝑠
= 
−8

3
= -2.7 m/s 

(21, 12)

(24, 4)

= 2.7 m/s [W]

Remember slope = 
𝑦2 −𝑦1

𝑥2 −𝑥1



(e) What is the average speed of the 

dog for the entire time?

0-5 s = 15 m

5-12 s the dog did not move

12-23 s = 20 m

d = 15 m + 0 m + 20 m = 35 m

v = = 1.5 𝑚/𝑠

v = 
𝑑

𝑡
=

35𝑚

23𝑠
= 1.521739… 𝑚/𝑠



(f) What is the average velocity of the 

dog for the entire time?

Start at 0 s and +5m and 

ends at 23 s and 0 m or 

the reference point

= 0 – (+5) = -5 m

= 0.22 m/s [w]

=
−5𝑚

23𝑠
= −0.21739… 𝑚/𝑠



(g) Describe the motion of the dog.

then moved non-uniformly 

back to the R.P over the next 

11 s.

The dog started 5m [E] 

moving uniformly at 3 m/s 

for 5 s.

The dog stopped 20 m [E] of 

R.P for 7 s



Example 2: The position versus time graph 

below shows the motion of a toy car.  Take 

the positive direction to the right.

(a) What is the resultant displacement 

of the car?

= (+4m) – (+8m) = -4m

Started a 8m [R] and ended at 4 m [R]

= = 4 m [L] of initial position 



(b) What is velocity of the car from 0-

2.0 s?

=
−10𝑚

2𝑠
= −5 𝑚/𝑠 OR 5 m/s [L]

= (-2) – (+8m) = -10 m



(c) What is the speed of the car from 0-

7.0 s?

=
15𝑚

7𝑠
= 2.1 𝑚/𝑠

d: from 0 to 2 s = 10 m

from 2 s to 7 s = 5m

d = 10 + 5 = 15

v = 
𝑑

𝑡



(d) What is the velocity of the car at 

3.0 s?

First we need to create a tangent 

line because it is non-uniform motion

= slope of tangent line = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛

(3, -4.9)

(6.6, -10) = 
−5.1𝑚

3.6 𝑠
= -1.4 m/s or 1.4 m/s [L]

t = 3.6 s

= (-10) – (-4.9m) = -5.1 m



(e) What is the total distance travelled 

by the car?

d:       from 0 to 2 s = 10 m

Stopped

from 2 s to 7 s = 5 m

from 7 s to 11 s = 0 m

from 11 s to 18 s = 11 m

d = 10 m + 5 m + 0 m + 11 m = 26 m



(f) Describe the motion of the car.

0 to 2 s , unifrom motion left from 

+8m to -2m

2 s to 7 s, non uniform motion left, 

slowing down

7 s to 11 s, stopped

11 s to 18 s, uniform motion right 

from -7m to +4 m.



Example 3: The position versus time graph below 

shows the motion of a cat moving north.

Moving [N] with non-uniform motion, 

(speeding up), for approximately the 

first 6 s.

Then continues moving [N] but 

slowing down for the next 3 s.

Stops from 9 s to 14 s.

Then moves [S] non-uniformly 

speeding up from 14 s to 23 s.

(a) Describe the motion of the cat. 



Example 3: The position versus time graph below 

shows the motion of a cat moving north.
We need to find the slope of the 

tangent line at both times.

At 5 s = slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛

(b) Find the instantaneous velocity 

of the cat at 5.0 s and 20.0 s.

(5, 3.2)

(8, 9.8)

= 
9.8 −3.2

8 −5
(14, 17.5)

This time we will use two different 

points.(23, 11.2)

= 
6.6

3
= +2.2 m/s or 2.2 m/s [N] 

At 20 s = slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛

= 
11.2 −17.5

23 −14
= 
−6.3

9
= - 0.70 m/s 

= 0.70 m/s [S] 



(c) What is the average velocity of the cat in 23.0 s? First we need to calculate displacement

= (+7.5) – (0) = +7.5 m

Finish at +7.5 m

Start at 0

= 
+7.5𝑚

23.0𝑠
= +0.326… m/s or 0.33 m/s [N]



(d) What is the average speed of the cat in 23.0 s?
First we need to calculate distance

d = 15 m + 0m + 7.5 m = 22.5 m

14 s - 23 s = 7.5 m

10 s -14 s = 0 m 

V = 
22.5𝑚

23𝑠
= 0.9782… m/s

0 s – 10 s = 15 m

v = 
𝑑

𝑡

V = 0.98 m/s



Example #4

 Try this one on your own.



 Do Questions 4-6 p. 249 and Questions 7-14 p. 258



Using Motion Formulas

 Recall that Velocity is the rate of change of displacement.  Acceleration is the 

rate of change of velocity.  In equation form

 where

or = 
𝑣2 −𝑣1

𝑡2 −𝑡1

= average acceleration (m/s2)

= change in velocity (m/s)

= time interval (s)



Example 1: A skier is moving at 1.8 m/s (down) near the top of a hill.  4.2 s later she is 

traveling at 8.3 m/s (down).  What is her average acceleration?

First write down everything we know.

V1 = 1.8 m/s [D] = -1.8 m/s

t1 = 0

t2 = 4.2 s

V2 = 8.3 m/s [D] = -8.3 m/s

Now write down the formula

Fill in the information

= 
(−8.3) −(−1.8)

4.2 −0

= 
(−6.5 𝑚/𝑠)

4.2 𝑠

=-1.5476… m/s2 =-1.5 m/s2

a = ? What we are trying to find.



Example 2: A jet plane accelerates from rest to 750 km/h in 2.2 min.  What is its average 

acceleration?

First write down everything we know and convert to SI units

V1 = 0 m/s

t1 = 0

t2 = 2.2 min x 
60 𝑠

1𝑚𝑖𝑛
= 132 𝑠

V2 = 750 km/h ÷ 3.6 = 208.33 m/s

Now write down the formula

Fill in the information

= 
(208.33) −(0)

132 − 0

= 
(208.33 𝑚/𝑠)

132 𝑠

=1.578… m/s2 =1.6 m/s2

a = ? What we are trying to find.



Example 3: A skateboarder, traveling at a constant speed, approaches a ramp and accelerates 

at 0.75 m/s2 for 4.0 s to a final speed of 6.0 m/s.  What was the skateboarder’s initial speed?

First write down everything we know.

a = 0.75 m/s2

t = 0

t2 = 4.0 s

V2 = 6.0 m/s

Now write down the formula

Fill in the information

0.75 = 
(6.0) −(𝑣1)

4.0 𝑠
v1 = ? What we are trying to find.

Multiply by 
4

1
𝑜𝑛 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒𝑠

(
4

1
)

(
4

1
)

3 = 6 – v1

Subtract 6 on both sides and 

divide by -1, this is the 

same as solving for x in 

math.

3 - 6 = 6 - 6 – v1

−3

−1
= 
−𝑣1

−1

v1 = 3.0 m/s



Example 4: An air puck on an air table is attached to a spring.  The puck is fired across the 

table at an initial velocity of 0.45 m/s [right] and the spring accelerates the air puck at an 

average acceleration of 1.0 m/s2 [left].  What is the velocity of the air puck after 0.60 s?

First write down everything we know.

v1 = 0.45 m/s [R] = +0.45 m/s

a = -1.0 m/s2

t1 = 0

t2 = 0.60 s

Now write down the formula

Fill in the information

-1.0 = 
(𝑣2) −(0.45)

0.60 𝑠

v2 = ? What we are trying to find.

Multiply by 
0.6

1
𝑜𝑛 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒𝑠

(
0.6

1
)

(
0.6

1
)

- 0.60 = v2– 0.45
Add 0.45 on both sides this 

is the same as solving for x 

in math.

- 0.60 + 0.45= v2 – 0.45 + 0.45 
v2 = -0.15 m/s

v2 = 0.15 m/s [L]



Example 5  You have 5 minutes

 Try this one on your own, you are trying to find time.  The answer is 2.04 s



Investigation #6 – Acceleration due to 

Gravity



Example 5: A person throws a ball straight up from the ground.  The ball 

leaves the person’s hand at an initial velocity of 10.0 m/s [up].  The 

acceleration of the ball is 9.81 m/s2 [down].  How long does it take the ball 

to reach a velocity of 10.0 m/s [down]?

v1 = 10.0 m/s [U] = +10.0 m/s

a = 9.81 m/s2 [D] = -9.81 m/s2

v2 = 10.0 m/s [D] = -10.0 m/s

t = ?

-9.81 = 
(−10) −(+10)

𝑡

-9.81 = 
−20

𝑡

Multiply by 
𝑡

1
on both sides

(
𝑡

1
)(

𝑡

1
)

-9.81t = -20
divide by – 9.81 on both sides

−9.81𝑡

−9.81
= 

−20

−9.81

t = 2.038… t = 2.04 s



Velocity-Time Graphs and Displacement

 The independent variable is Time and the dependent variable is Velocity



The displacement in any interval is given by the area 

under a velocity-time graph for that interval.

wl 

bh
2

1

Note: The area under a rectangular section is given by 

and the area under a triangular section is given by 

.



Example 1: Find the displacement 

represented by each of the following 

velocity-time graphs and identify whether 

the motion depicted is uniform or non-

uniform:

(a)

1 2 3

80

t(h)

v(km/h)

= area beneath line on distance time graph

= base x height

= 3 s x 80 km/s

= 240 km



b)

= area beneath line on distance time graph, 

this time it is a triangle!

= ½ base x height

= ½(15 s) x (15 m/s)

= 112.5 m

5 10 15

5

10

15

t(s)

v(m/s)

= 110 m  DON’T FORGET SIG DIGITS!

This is non-uniform motion because Velocity is 

changing.



c)

= area beneath line on distance time graph, 

this time it is a triangle!

= ½ base x height

= ½(6 s) x (8 m/s)

= 24 m

This is non-uniform motion because Velocity is 

changing.

1 2 3 4 5 6

4

8

t(s)

v(m/s)



d)

= area beneath line on distance time graph, 

this time it is a triangle and a rectangle!

= ½ base x height + base x height

= ½(6 s) x (30 m/s) + (6 s) x (30 m/s)

= 90 m + 180 m

0-6 s is non-uniform motion and 6-12 s is 

uniform motion.

= 270 m



e)

= area beneath line on distance time graph, 

this time it two triangles!

= ½ base x height + ½ base x height

= ½(2 s) x (6 m/s) + ½ (4 s) x (6 m/s)

= 6 m + 12 m

Both are non-uniform motion but 0 – 2 s the object is 

speeding up since velocity increases and 2 – 6 s the 

object is slowing down sincev velocity is decreasing.

= 18 m



f)

= area beneath line on distance time graph, 

this time it two triangles and a rectangle!

= ½ base x height + base x height + ½ base x height

= ½(5 s) x (15 m/s) + (15 s) x (15 m/s) x 1/2 ( 10 s) x (15 m/s)

= 37.5 m + 225 m + 75

Non-uniform motion but 0 – 5 s and 20 – 30 s.

Uniform motion from 5 – 20 s.

= 337.5 m



g)

= area beneath line on distance time graph, 

this time it two rectangles and a triangle!

= ½ base x height + base x height + base x height

= ½(4 s) x (15 m/s) + (4s) x (15 m/s) x ( 8 s) x (5 m/s)

= 30 m + 60 m + 40

Non-uniform motion 2 – 6 s

Uniform motion from 6 – 10 s.

= 130 m



Worksheet Velocity-Time Graphs for 

Uniform Motion



Velocity-Time Graphs and Acceleration

 Position-time graphs are useful for representing the motion of object 

traveling at a constant velocity or changing from one constant velocity to 

another, but the motion of objects whose velocity is constantly changing is 

better represented by a velocity-time graph.



The graph below shows the changing velocity of a car.  It is a straight line and it 

represents an increase in velocity.  On closer examination, you will see that the 

car increases its velocity by 5.0 m/s during each five second interval.  This is an 

acceleration of 1.0 m/s2.  Since the acceleration for each interval is the same, 

the graph illustrates uniform acceleration.  Whenever a velocity-time graph is a 

straight line, it represents uniform acceleration.



 To determine the acceleration form a velocity versus time graph, you simply 

calculate its slope.  

 That is 



The acceleration is equal to the slope of a 

velocity-time graph.


 Note: Uniform acceleration is NOT uniform motion.



Positive, Negative, and 

Zero Acceleration
 Example 1: Examine the 

velocity-time graph below.  It 

shows examples of three 

different types of acceleration.  

Calculate the acceleration for 

each segment.    

= 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
𝑦2 −𝑦1

𝑥2 −𝑥1

=
+20 − 0

10 −0
= 
+20

10

= +2𝑚/𝑠2 or 2 𝑚/𝑠2 [R]

= 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛

= 
0

10

= 0 𝑚/𝑠2

= 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛
= 
𝑦2 −𝑦1

𝑥2 −𝑥1

=
0 −20

28 −20
= 
−20𝑚/𝑠

8𝑠

= −2.5 𝑚/𝑠2

or 2.5 𝑚/𝑠2 [L]

Object is speeding up
Uniform motion, 

constant velocity
Object is slowing down



10 20 30

5

10

15

20

25

t(s)

v(m/s)

A

B

C

A = The object starts from rest (at zero 

velocity) and accelerates steadily for a 

while.  The velocity is increasing.  If 

acceleration and velocity have the same 

sign the object is speeding up.

B = After 10 s, it stops accelerating and then 

travels at a constant velocity for 10 s.  The 

slope of this part of the graph is zero, that is, 

the acceleration is zero.  IMPORTANT: the 

object is not stopped, it has a constant 

velocity.

C) Then the object slows down.  In each 

second, it loses the same amount of velocity.  

The slope of the graph in this section is 

negative, making the acceleration negative.  If 

acceleration and velocity have opposite signs, 

the object is slowing down.  



10 20 30

5

10

15

20

25

t(s)

v(m/s)

A

B

C

If line segment C were extended so 

that it went below the axis, the 

acceleration would still be 

negative.  However, the object 

would now be moving faster in a 

negative direction.

Note: Large negative accelerations 

are experienced when cars and 

passengers are stopped abruptly, 

assuming that the car’s original 

velocity was positive.



Example 2: Use the velocity-time graph below to determine the object’s acceleration for

(a) the first 10 s of its motion

= slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛

= 
+25𝑚/𝑠

10 𝑠

= +2.5 m/s2

Or 2.5 m/s2 [R]



Example 2: Use the velocity-time graph below to determine the object’s acceleration for

(b) the time interval of 10 s to 15 s.

= slope = 
𝑟𝑖𝑠𝑒

𝑟𝑢𝑛

= 
+5𝑚/𝑠

5 𝑠

= +1 m/s2

Or 1 m/s2 [R]



Practice Problems

 To be finished for homework



10. Interpreting Graphs – each set of graphs 

represents the same motion.

Moving in a 

positive (+) 

direction

with uniform 

motion

What does the v-t 

graph look like?



Interpreting Graphs – each set of graphs 

represents the same motion.

Moving in a 

negative (-) 

direction

with uniform 

motion

What does the v-t 

graph look like?



Interpreting Graphs – each set of graphs 

represents the same motion.

Object is not 

moving

What does the v-t 

graph look like?



Interpreting Graphs – each set of graphs 

represents the same motion.
What does the v-t 

graph look like?d-t graph

Moving negative (-) 

direction, negative (-) 

slope.

v-t graph

Moving negative (-) 

direction, its below the 

axis, slowing down, its 

moving towards the t-axis



Interpreting Graphs – each set of graphs 

represents the same motion.
What does the v-t 

graph look like?d-t graph

Moving positive (+) 

direction, slowing down.



Interpreting Graphs – each set of graphs 

represents the same motion.
What does the v-t 

graph look like?d-t graph

Moving positive (+) 

direction, speeding up.



Interpreting Graphs – each set of graphs 

represents the same motion.
What does the v-t 

graph look like?d-t graph

Moving negative (-) 

direction, speeding up.



Interpreting Graphs – each set of graphs 

represents the same motion.
What does the v-t 

graph look like?d-t graph

TWO Different Motions.

Moving negative (-) 

direction and slowing 

down.

AND

Then moving negative (-) 

with UNIFROM motion.



Example 1: Describe the motion depicted 

below.  Consider the positive direction to be 

East. (1) Moving [E] with uniform motion

(2) Object is stopped

(3) Moving [W] with uniform motion

(4) Moving [W], object is slowing down

(5) After stopping momentarily the object is now 

moving [E] and speeding up.



Example 2: Describe the motion depicted 

below.  Consider the positive direction to be 

Up. (1) Moving up at constant speed, Uniform motion

(2) Object is stopped

(3) Moving up with constant speed, uniform motion, 

but slow than in #1.

(4) Moving [D], at constant speed, uniform motion 

equal to that of #1.



Example 3: Describe the motion depicted 

below.  Consider the positive direction to be 

North. (1) Moving [N] at constant speed.

(2) Moving [N] but slowing down to a stop.

(3) Moving [S] and speeding up.

(4) Moving [S] at a constant speed.

(5) Moving [S] but slowing down to a stop.

(6) Moving [N] and speeding up.



Example #4

 Try this yourself, it is similar to #1



Test

 December 11th


