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PROJECTILE MOTION 

Connecting with Prior Knowledge 

Review Equations of motion P50 “formulae and tables” booklet 

Linear motion with constant acceleration 

v = u + at     

s = ut +  ½ at2 

v2 = u2 + 2as 

s = 
(𝑢+𝑣)

2
𝑡 

 

Activity 1: Investigating vertical motion 

Take the acceleration due to gravity, g as 10 m s−2 in this exercise, fill in the blanks and 

deduce a relationship between distance and g and t in the last row.  

Time/s Velocity / m s−1 Average velocity / m s−1 Distance / m 

0 0 0 0 

1 10 5 5 

2 20   

3    

4    

5    

6    

t 10 t   

 

Reflection on Teaching and Learning 

What are your main takeaways from this? 

 

See the completed table in the Appendix. 

  

Velocity is the speed in a given direction. 
Acceleration is the rate of change of velocity; this can involve a 
change in speed or direction or both.  Acceleration is the velocity 
added per second. 
During uniform acceleration, the average velocity is half  way between 
the initial and final velocity. The average velocity of a  car while 
accelerating uniformly from 40 km h-1 to 60 km h-1  in ten seconds, is 
50 km h-1. The acceleration is (2 km h-1) s-1. 
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Activity 2 Using simulations to visualise the problem 

1. Go to  

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html  

2. Set the cannon height at 5 m. 

3. Set the initial speed at 5 m/s and fire. 

4. Measure the range. 

5. Repeat with initial speeds of 10 m/s,  

 15 m/s, 20 m/s and 25 m/s. 

 

 

 

Discuss your results.  

 

 

  

  

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html
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Activity 3  

Use the Phet projectile simulation to investigate the best angle of elevation of the cannon 
firing at a castle wall 6m high and 80 m away.  
 

Purpose: to get students to research, investigate, 
record results and analyse how firing the cannon at 
various speeds and angles of elevation could breach 
the castle walls or go over them to target for 
example ammunition stores. 
 
 

  
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: cannons were developed experimentally and used for a few hundred years before the 
maths behind them were fully understood. c.early1600 cannons could fire about 1.5 miles 
with a muzzle velocity of 500 m/s  for more visit:  

https://www.britannica.com/technology/military-technology/The-development-of-artillery   or 

https://www.quora.com/How-far-could-a-cannon-shoot-in-1600   
 
  

https://www.britannica.com/technology/military-technology/The-development-of-artillery
https://www.quora.com/How-far-could-a-cannon-shoot-in-1600
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Problem Solving bodies in Free Fall 
 

Hunter and Monkey problem 

A hunter with a blowgun goes out in the woods to hunt for monkeys and sees one hanging in 

a tree. The monkey releases its grip the instant the hunter fires his blowgun. Where should 

the hunter aim in order to hit the monkey? 

1. Above the monkey 

2. Directly at the monkey 

3. Below the monkey       

 

 

 

 

 

 

 

 

Discuss  

 

https://www.youtube.com/watch?v=cxvsHNRXLjw  

https://www.youtube.com/watch?v=z8S0_SHqoeY  

 

Mathematical explanation: When students have been introduced to key concepts 

https://www.youtube.com/watch?v=RXQd0GgURN4  or 

https://www.youtube.com/watch?v=hVdYEU1D9dE  

  

  

https://www.youtube.com/watch?v=cxvsHNRXLjw
https://www.youtube.com/watch?v=z8S0_SHqoeY
https://www.youtube.com/watch?v=RXQd0GgURN4
https://www.youtube.com/watch?v=hVdYEU1D9dE
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GALILEO GALILEI 

 

Between 1589 and 1592, the Italian scientist Galileo Galilei 

(then professor of mathematics at the University of Pisa) is 

said to have dropped two spheres of different masses from the 

Leaning Tower of Pisa to demonstrate that their time of 

descent was independent of their mass, according to a 

biography by Galileo's pupil Vincenzo Viviani. Although the 

story may be fictitious, the basic premise had already been 

demonstrated by Italian experimenters a few decades earlier. 

 

Note: The following facts were first discovered by Galileo:  

The horizontal x(t) and vertical y(t) motions are completely independent of each other. 

 x(t) = constant-velocity motion. y(t) = constant-acceleration motion. 

In the period 1604-1608 he identified the flight path of a projectile was parabolic.  

 

 

Hints for solving free falling problems 

When a body is dropped from the top of a building or steep cliff note: 

(a) initial vertical velocity u = 0 m s−1  

(b) acceleration = g = 9.8 m s−2 

(c) assume no air resistance unless informed otherwise  

 

Example 1: A golf ball is dropped over a steep building which is 122 m above the ground. 

Calculate the time of flight of the golf ball? 

Solution 

(i) identify what is given i.e. u = 0 m s−1, a = g = 9.8 m s−2, s = 122 m, t = ?  

(ii) select the equation of motion which contains these four variables  

(iii) substitute into the equation     s = ut +  ½ at2  and solve 

122 = (0)t + ½ (9.8) t 2 

t 2 = 
122

4.9
⇒ 𝑡 ≈ 5 s      

Note: When solving problems, consider the horizontal and vertical parts of the motion 

separately. 
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Projectile Motion 

When air resistance is neglected, a body moves freely under gravity when thrown or 

projected. The motion of such a body/projectile is called projectile motion. 

When solving problems, consider the horizontal and vertical parts of the motion separately. 

So if a cannon gun fires a cannon ball 

horizontally and at the same time a second ball 

is dropped from the same height, they will both 

hit the ground at the same time i.e. the flight 

time is the same. 

 

 

 

 

 

 

Example 2  Forensics 

A car drives over a sheer cliff 122 m high and crash-lands on the beach 80 m from the foot 

of the cliff. What speed was the car going when it drove over the cliff edge? 

Solution 

(i) identify what is given for vertical motion  

i.e. u = 0 m s−1, a = g = 9.8 m s−2, s = 122 m,  t = ?  

from Example 1    t = 5 s 

(ii) identify what is known for horizontal motion 

i.e.     sh= 80 m,      t = 5 s,      u = ?  

u =  
𝑠

𝑡
 =  

80

5
  = 16 m s−1 
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Understanding Projectile Motion Using Phet Simulations 

1. Click on the link shown or else type Phet projectile motion simulations into Google. 

https://phet.colorado.edu/en/simulations/projectile-motion  

 

2. Click on the projectile motion image 

 

 

 

 

3. Next select Intro 

 

 

 

 

4. Play with the cannon gun firing different missiles at various speeds and angles 

Note: Many flight paths are stored until they are erased.  

 

 
The angle of projection is adjusted by elevating the barrel of the cannon. 

 

Use the Zoom buttons on the top left of the screen if required 

 

 

 

 

5. Use the tape to measure distance and cross hairs to 

measure Range and Height. 

  

https://phet.colorado.edu/en/simulations/projectile-motion
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Activity 4: Investigating the Maximum Range   
 

Reduce the cannon height to ground level i.e. 0 metres.  

Select an initial speed of 20 m/s and fire the cannon at angles of 35°, 40°, 45°, 50°, 55° to 

find the maximum horizontal range. 

What can you conclude? 

 

Activity 5: Investigating the flight path through data 
 

Reduce the cannon height to ground level i.e. 0 metres. Set the angle of elevation at 45°. 

Select an initial speed of 20 m/s and fire the cannon.  

Use the cross hairs positioned at points on the flight path to select 7 times and heights and 

fill in the table below: 

 

Time / s Height / m 

  

  

  

  

  

  

  

 

Plot these points in GeoGebra. 

Which is the most suitable Regression Model? 

For more go to the Appendix.  
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Extension 

Select the vectors heading from the heading on the bottom of the screen 

 

 
 

Change the mass and diameter of the cannonball and discuss/explain your findings. 

Investigate the force and acceleration vectors. What can you conclude? 

Explore the velocity vector. What can you conclude? 

 

Note: when you sign up you are able to access the Teacher Resources and Teaching Tips. 

 

 

Student Activity 

1. Choose a variable, and design an experiment to determine how it affects the projectile’s 

path.  

2. Predict how changing the initial conditions will affect the path of the projectile, and 

explain your reasoning.  

3. Determine which factors affect the range of the projectile when air resistance is turned 

on, but have no effect when air resistance is turned off.  

4. Describe how the behaviour of the velocity and acceleration vectors over time, and how 

they are affected by air resistance.  

5. Explain why the black dots on the projectile’s path are closer together near the top, but 

further apart when close to the ground.   
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Essentials For Understanding 

Velocity is a vector quantity as it has a 

magnitude and direction. It may be split or 

resolved into two parts, called component 

vectors, one vertical part and the other a 

horizontal part.  

The vector �⃗� which makes an angle θ with the 

horizontal may be resolved, into two 

component vectors namely  𝑣𝑥⃗⃗⃗⃗⃗   and      𝑣𝑦⃗⃗⃗⃗⃗     

Where 𝑣𝑥⃗⃗⃗⃗⃗ = v Cos θ along the horizontal axis 

and   

𝑣𝑦⃗⃗⃗⃗⃗= v Sin θ along the vertical axis. 

This may also be written as �⃗� = v Cos θ  𝑖 + v Sin θ 𝑗  

Where 𝑖 and 𝑗  are unit vectors on the horizontal and vertical directions respectively. 

Equations of motion can be applied separately in the horizontal X-axis and vertical Y-axis. 

When a particle is projected with a velocity v. The horizontal component of velocity (v cos θ) 
remains the same during the whole journey as no acceleration is acting horizontally. 

The vertical component of velocity (v sin θ) will gradually decrease and at the highest point 
of the path it becomes zero.  

The velocity of the body at the highest point is v cos θ in the horizontal direction. 
Projectile motion ignores air resistance in order to simplify the calculations. 

 

Displacement is the distance, in a given direction, from the starting point 

 

 

 

 

 

 

 

 

 

 

 Cos θ 
 

 S
in

 θ
 

 

  

θ 

X displacement  

Y d
is

p
la

c
em

en
t 

A and C  Y 

displacement = 0    

C X – range  

B  Maximum height 

B  Y velocity = 0 

 



12 
    

www.pdst.ie/pp/sc/applied-
maths 

  



13 
    

www.pdst.ie/pp/sc/applied-
maths 

Proof that the path of a projected particle moving under the 
influence of gravity will always be a parabola. 

A particle is projected with a velocity �⃗� from a point O at an angle to the horizontal of  θ and 

at a time t, it is at the point P (x, y) as shown. Find the equation for the locus of P. 

 

 

Horizontally there is no acceleration  

⇒  x = ut + ½ a t 2 = (v Cos θ) t  + 0       (Eqn 1) 

Vertically the acceleration = − g 

⇒ y = ut + ½ a t 2  =  (v Sin θ) t − ½ g t 2  (Eqn 2) 

From (Eqn 1)  𝑡 =
𝑥

𝑣𝑐𝑜𝑠𝜃
      and putting this into  (Eqn 2) 

⇒  y = (v Sin θ) (
𝑥

𝑣𝑐𝑜𝑠𝜃
) − ½ g (

𝑥

𝑣𝑐𝑜𝑠𝜃
)2 

⇒ y = x tan θ  − (
𝑔

2𝑣2𝑐𝑜𝑠2𝜃
) 𝑥2 

This equation is of the form y = a x – b x2 which is a parabola. Hence the path of a projected 

particle moving under gravity is a parabola. 
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Extensions 

Putting  y = 0  into (Eqn 2)  gives (v Sin θ) t = ½ g t 2  ⇒   t = 0 or t = 
2𝑣𝑠𝑖𝑛𝜃

𝑔
 

This is the time of flight i.e. when the particle is level with the origin, O again.  

 

The range is the maximum horizontal distance travelled by the particle 

 

Horizontal Range = (v Cos θ) t = (v Cos θ) ( 
2𝑣 𝑆𝑖𝑛 𝜃

𝑔
) =  

2𝑣2𝑠𝑖𝑛𝜃𝐶𝑜𝑠𝜃

𝑔
=

𝑣2𝑠𝑖𝑛2𝜃

𝑔
 

Note: The Range is greatest when Sin 2θ = 1   ⇒ 2θ = 90°  or θ = 45° 

The maximum height reached is when the vertical speed = 0 m s-1 

 

Rem.  v 2 = u 2 + 2as 

⇒ 0 = (v Sin θ)2 – 2 g s 

s = maximum height  =  
𝑣2𝑠𝑖𝑛2𝜃

2𝑔
 

 

To find the speed or direction of the particle at any time during the motion, find the horizontal 

and vertical components of the velocity and use Pythagoras's theorem. 

Conclusion 

When a particle is projected from the ground it will follow a curved path, before hitting the 
ground. How far the particle travels will depend on the speed of projection and the angle of 
projection. 
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Example 1 

A particle is projected with a velocity 28 m s−1 from a point O at an angle to the horizontal of  

30°. Find its (i) flight time  (ii) range. 

Solution 

Vertical motion 

⇒ y = ut + ½ a t 2  =  (28) Sin θ) t − ½ g t 2   

Putting  y = 0  gives the flight time ⇒(28 Sin 30° ) t = ½ g t 2  ⇒ t = 0 or t =
56𝑠𝑖𝑛30

𝑔
 = 2.86 s 

This is the time of flight i.e. when the particle is level with O again.  

 

The range is the maximum horizontal distance travelled by the particle 

Horizontal Range = (v Cos θ) t = (28 Cos 30°)( 2.86) =  69.35 m 
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Activity 6: Using Technology to check answers 

Go to the Phet projectile motion website 

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html  

Reduce the cannon height to ground level i.e. 0 metres.  

Select an initial speed of 28 m/s and fire the cannon at an angle of 30° with horizontal. 

Use the cross hairs to measure the Range and flight time 

 

 

Reflection on Teaching and Learning 

● What teaching and learning technology did I find most useful? 

● How can I suitably apply the various technologies demonstrated into my 

classroom teaching and learning? 

●  What critical skills can I help develop in my students? 

 

  

   

 

 

 

 

 

 

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html
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Matrices 
 

How to enter a matrix in the GeoGebra Spreadsheet 

Open GeoGebra 

Select View and then Spreadsheet  

 

 

 

 

 

Now type numbers into 

the Spreadsheet cells 

Select the cells to be 

converted to a matrix 

Right click and select 

Create then Matrix  

 

 

 

 

 

 

 

 

 

 

The matrix will be created in the Algebra window.  

 

How to rename a matrix 

Right click on m1 and select Rename 

from the dropdown menu  

Let A be the new name. 
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Addition of Matrices 

Go to the input bar at the bottom left on the Algebra View 

Type B= A+A and press return 

 

 

 

Multiplying Matrices 

Go to the input bar at the bottom left on the Algebra View 

Type C= A*B and press return  

 

Check the answer using first row by first column, etc 

 

Go to the input bar at the bottom left on the Algebra View 

Type D= A*A*A*A and press return  

 Alternatively, type   D = A^4 

 

Go to the input bar at the bottom left on the Algebra View 

Type E= A*A and press return  

 

Check that D=E*E 

 

Student Activity 

Go back to the Spreadsheet and Create the matrix  

 

Now carry out the steps of addition and multiplication as outlined above.  
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Solving Simultaneous Equations using Matrices 

We will use a simple example to show how matrices can be used to solve simultaneous.  

Consider the following equations: 

2x + y = 5  and   x + y = 3 

Enter the coefficients of the 

variables x, y as a matrix: m1 

Enter the constants as a separate 

column matrix: m2 

The values of x, y that satisfy the 

equations are found by 

multiplying m2 by the inverse of 

m1; type m1^-1 m2 in the input 

box. 

The resultant matrix, m3, gives the 

values of x and y that satisfy the 

equations; in this case x = 2  and  y = 1. 

 
Why does it work? 

Since m1 operates on [x  y ] to give m2 then multiplying both sides by m1−1 gives:   

m1−1  m1 [x  y]   =   m1−1 m2 

But m1-1  m1  gives the identity matrix, so [x  y ] = m1−1 m2 

Verify that this is correct 

In the input bar of the GeoGebra window enter: m1^−1.  

GeoGebra creates a new matrix, m4, which is the inverse 

of m1. You can check this by multiplying m1 by m4. The 

result should be the identity matrix. 

 

 

 
  

To show, in general, 

that multiplying a matrix 

by its inverse gives the 

identity matrix. 
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Physics Classroom 

The Physics Interactives includes a large collection of HTML5 interactive physics 

simulations. Designed with tablets such as the iPad and with Chromebooks in mind, this 

user-friendly section is filled with skill-building exercises, physics simulations, and game-like 

challenges. It should challenge some of the high achieving students and allow them to 

progress at their own pace. 

Go to the physics classroom link: 

https://www.physicsclassroom.com/Physics-Interactives/1-D-Kinematics   

 

1. Select  

  

 Select Begin Activity 

The Name That Motion Interactive consists of a 

collection of 11 challenges. Each challenge 

presents learners with an animated motion of a 

car. After viewing the motion, one must match 

the motion to the appropriate verbal description. 

Feedback is immediate and multiple attempts to 

get the description correct are allowed. 

 

Match the Animation to the Verbal given and click on check. Repeat if necessary. 

2. Return to the physics classroom link or select the kinetics heading at the top of the page. 

 Select Match that Graph 

3. Return to the physics classroom link or select the kinetics heading at the top of the page. 

Select the vector walk, etc 

Extension: Technical information, teaching suggestions, and related resources that 

complement this Interactive are provided on the Notes page. View Notes 

 

Student Activity 

A Concept-Builder is an interactive questioning module that presents learners with carefully 

crafted questions that target various aspects of a concept. Each Concept Builder focuses the 

learner's attention upon a discrete learning outcome. 

Try some of the Concept Builders at:  

https://www.physicsclassroom.com/Concept-Builders/Measurement-and-Units  

  

https://www.physicsclassroom.com/Physics-Interactives/1-D-Kinematics
https://www.physicsclassroom.com/Physics-Interactives/1-D-Kinematics/Name-That-Motion/Name-That-Motion-Notes
https://www.physicsclassroom.com/Concept-Builders/Measurement-and-Units
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APPENDIX  

Solutions 

Activity 1: Investigating vertical motion 

Time/s Velocity / m s−1 Average velocity / m s−1 Distance / m 

0 0 0 0 

1 10 5 5 

2 20 10 20 

3 30 15 45 

4 40 20 80 

5 50 25 125 

6 60 30 180 

t g t ½ g t ½ g t2 

 

 

Activity 2: Using simulations to visualise the problem 

Note: The Range i.e. the horizontal distance travelled is the same numerical value as the 

speed. 

Why? The cannon gun is 5 m above the ground so a projected cannonball will take ~ 1 

second to fall 5 m [ using  s = u t + ½ a t 2 ⇒ 5 =  0 + ½ (10) t 2 ]  and hit the ground. The 

Range = (horizontal velocity)(time) = (v)(1) = │v│ 

 

Activity 4: Investigating the Maximum Range   

Conclusion: the maximum Range occurs when the angle of projection is 45°. 

 

What are some of the benefits for students of using an approach like this? 
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GeoGebra 

Correlation 

Correlation is a connection between two or more things. The word correlation is used in 
everyday life to denote some form of association. We might say that we have noticed a 
correlation between wintery wet days and spread of flu.  

Correlation is also a statistical technique that can show whether and how strongly 
quantitative pairs of variables are related. We assume that the association is linear, that one 
variable increases or decreases a fixed amount for a unit increase or decrease in the other. 

The main result of a correlation is called the correlation coefficient r. It ranges from −1.0 to 

+1.0. The closer r is to +1 or −1, the more closely the two variables are related. 

If r is close to 0, it means there is no relationship between the variables. If  r is positive, it 
means that as one variable gets larger the other gets larger. If r is negative it means that as 
one gets larger, the other gets smaller (often called an "inverse" correlation). 

        
The other technique that is often used in these circumstances is regression, which involves 
estimating the best straight line to summarise the association. 

 
Regression analysis  

Regression is the “best guess” at using a set of data to 

make some kind of prediction. It’s fitting a set of points to 

a graph. 

To begin investigating whether or not there is a 

relationship between these two variables, we would begin 

by plotting these data points on a graph. This graph is 

called a Scatter plot. Once your data is plotted, you may 

begin to see correlations.  

Draw a line through the middle of all of the data points on 

the chart. This line is referred to as your regression line. 

The regression line represents the relationship between 

your independent variable and your dependent variable. 

This is two variable analysis. 
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Your regression line is simply an estimate based on the data 

available to you. So, the larger your error term, the less 

definitively certain your regression line is. 

 

Regression also gives you an R2 value. This number tells 

you how good your model is. The values range from 0 to 1, 

with 0 being a terrible model and 1 being a perfect model. 

For more visit:    https://www.geogebra.org/m/CkFJxQva 
  

https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/coefficient-of-determination-r-squared/
https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/coefficient-of-determination-r-squared/
https://www.geogebra.org/m/CkFJxQva
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Activity 5: Investigating the flight path through data 

Tabulate your time of flight T  versus height above the horizontal results, e.g.  

T / s H / m 

0.4 4.87 

0.7 7.5 

1 9.25 

1.2 9.91 

1.6 10.07 

2.1 8.07 

2.5 4.7 

2.7 2.43 

 

 

 

 

Open GeoGebra 

1. Input data 

Go to View  from the menu bar and select Spreadsheet  

Go to the Spreadsheet and paste the results from your 

table  

Close the Algebra and Graphics if open. 

 

Note: there is a new toolbar. 

 

 

 

 



25 
    

www.pdst.ie/pp/sc/applied-
maths 

2. Analysing the data 

Highlight the data in Column A and B.   

 Next select the 2nd icon from the left in the 

toolbar and then Two Variable Analysis 

 Select Analyse from the new window 

 

 

 

 

 

 

A Scatter plot appears  

Note that the Regression 

Model is ‘none’, i.e. not 

selected 

 

 

 

 

Try different Regression 

Models to find the most 

suitable.  
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Discuss.  

 

Finally use the icon on the top right hand 

corner to copy to the clipboard. 

 

 

 

It can now be pasted into Word and 

edited. 
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Solving Simultaneous Linear Equations with three variables 

1. Using the Spreadsheet and Matrix functions in GeoGebra 

We’ll use the equations: 

2 x +1 y −3 z  = −9 

1 x +3 y +1 z  = −2 

3 x −4 y −2 z  = 5 

Open GeoGebra and select View/ Algebra  and View/ Spreadsheet 

 

Enter the coefficients of the 

variables in the equations into an 

array of cells as shown.  

Select the array, then right-click and 

choose Create / Matrix. 

GeoGebra will create a matrix called 

m1 in the Algebra window. 

 

Enter the constants from the 

equations as a column in the 

spreadsheet. Again, select these 

cells and right-click and choose  

Create / Matrix. GeoGebra will create a matrix called m2 

 

Then all you have to do is enter the following in the Input bar (usually at the bottom of the 

GeoGebra window): Invert(m1) m2 

GeoGebra creates matrix m3 containing the solution set for the variables (x, y, z in this case) 

i.e.  x = 1, y = −2 and z= 3.  
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2. Simultaneous equations using CAS in GeoGebra (i.e. the Computer Algebra System) 

GeoGebra has built-in facility to solve a variety of 

equations:  linear, quadratic, trigonometric and 

simultaneous equations (and even mixtures of 

these). 

Open GeoGebra Classic and select View / CAS  

 

 

Enter the equations, one at a time, as shown in the image. For example: 

2 x +1 y −3 z  = −9 

1 x +3 y +1 z  = −2 

3 x −4 y −2 z  = 5  

(The digit ‘1’above  is accepted by GeoGebra 

but is not required.) 

  

 

Now highlight the three equations using the Ctrl and left click 

 

 

 

 

 

 

 

 

 

    

Holding down the Ctrl, select the Solve (i.e X=)  from the toolbar and the answer appears 
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This facility in CAS is not limited to linear simultaneous equations; higher order expressions 

can also be used. 
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3. Matrix manipulation in Excel 

In Excel the following arrays, the cells are treated as individual entries.  

Individual cells and arrays can be given a name in Excel: e.g. A, B, Db, X1, etc. but not C or 

R, which are reserved names in Excel. 

To name an array of cells, first select them. Then go to Insert / Name / Define and choose a 

name that is not already used. Note that the name does not appear on the spreadsheet 

automatically but it may be added manually. 

To add two arrays (as matrices) first select the cells where the sum is to appear; this should 

have the correct dimensions.  For instance, to add matrices A and B,  select the 3×3 space 

for the answer and enter  =A+B in the formula bar, but don’t press Enter.  

Instead, press Ctrl-Shift-Enter.  

The new matrix can be ‘named’ as described above or simply labelled.  

A      B    A+B  A-B  

2 3 2   3 3 6      5 6 8  -1 0 -4  

-1 1 -2   6 4 8  5 5 6  -7 -3 -10  

-3 1 1   7 5 4  4 6 5  -10 -4 -3  

          

Solving simultaneous equations using matrices in Excel     

Enter the coefficients of the variables x, y 

and z  into a 3×3 grid of cells. Then enter 

the independent terms in a separate 

column.  

Select a blank 3×1 column and type: 
=MMult(MInverse(array1), (array2)), 
where array1 and array2 are entered by 
selecting the appropriate blocks of cells 
or by using their defined names. Then 
press Ctrl-Shift-Return. This will produce the solution set as a column matrix. 

  

 Excellent tutorial videos on matrices in Excel 

See the following short tutorial videos (6 minutes each)

  

Part 1: https://www.youtube.com/watch?v=Kp3F-cJwIJ8   

 Set up a matrix or array  

 Naming a matrix 

 Addition & subtraction  

 Scalar multiplication 

 Multiplying matrices 

 

 

Part 2: https://www.youtube.com/watch?v=vha42Yqzrko 

 Matrix multiplication  (MMult ) 

 Inversion   (Minverse)  

https://www.youtube.com/watch?v=Kp3F-cJwIJ8
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4. Solving simultaneous equations using Wolfram Alpha 

 Go to: https://www.wolframalpha.com/calculators/system-equation-calculator  

Enter the simultaneous equations and click Compute. 

 

  

https://www.wolframalpha.com/calculators/system-equation-calculator
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Circular Motion    Phet interactive 

https://www.physicsclassroom.com/Physics-Interactives/Circular-and-Satellite-

Motion/Uniform-Circular-Motion/Uniform-Circular-Motion-Interactive  

The Uniform Circular Motion Interactive is an adjustable-size file that displays nicely on 

smart phones, on tablets such as the iPad, on Chromebooks, and on laptops and desktops. 

The size of the Interactive can be scaled to fit the device that it is displayed on. The 

compatibility with smart phones, iPads, other tablets, and Chromebooks make it a perfect 

tool for use in a 1:1 classroom. 

 

 

It is intended for use near the early stages of a learning cycle on circular motion. The 

Interactive provides a very strong foundation for understanding circular motion concepts. 

The concept of an inward force and acceleration are foundational to the construction of free-

body diagrams and problem-solving exercises. The use of numerical values for the various 

quantities provides a rich environment for investigating exactly how variations in one quantity 

might affect another quantity. The provided exercise that accompanies this Interactive 

presents several thought-provoking questions that target common student difficulties. 

 

  

https://www.physicsclassroom.com/Physics-Interactives/Circular-and-Satellite-Motion/Uniform-Circular-Motion/Uniform-Circular-Motion-Interactive
https://www.physicsclassroom.com/Physics-Interactives/Circular-and-Satellite-Motion/Uniform-Circular-Motion/Uniform-Circular-Motion-Interactive


33 
    

www.pdst.ie/pp/sc/applied-
maths 

Essential Knowledge: ‘formulae and tables’ p. 51 

 

Angle in radians 𝜃 =
𝑠

𝑟
 

Angular velocity 𝜔 =
𝜃

𝑡
 

Linear and angular velocity 𝑣 = 𝑟𝜔 

Centripetal acceleration 𝑎 = 𝑟𝜔2 =
𝑣2

𝑟
 

Centripetal force  𝐹 = 𝑚𝑟𝜔2 =
𝑚𝑣2

𝑟
 

 

Activity 

http://www.thephysicsaviary.com/Physics/Programs/Labs/ClassicCircularForceLab  

 

 

Walter-Fendt Circular Motion Simulation 

https://www.walter-fendt.de/html5/phen/circularmotion_en.htm  

This HTML5 app simulates such a circular motion and demonstrates how position, velocity, 

acceleration and acting force vary in time. The "Reset" button brings the rotating body in its 

initial position.  

 

 

http://www.thephysicsaviary.com/Physics/Programs/Labs/ClassicCircularForceLab
https://www.walter-fendt.de/html5/phen/circularmotion_en.htm
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Uniform Circular Motion 

http://physics.bu.edu/~duffy/HTML5/circular_motion.html  

 

 

This is a simulation of a ball experiencing uniform circular motion, which means it travels in a 

circle at constant speed. Use the sliders to adjust the speed and the radius of the path. 

http://physics.bu.edu/~duffy/HTML5/circular_motion.html
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CK-12 Interactive Physics for High School 

This website covers core physics concepts and includes real life examples, videos and study 

guides. 

In this website you must sign up first, don’t worry — it’s free. 

It contains activities and games to deepen the learners understanding. 

https://interactives.ck12.org/simulations/physics.html  

 

 

 

 

 

Other Resources 

https://www.thephysicsteacher.ie  

http://appliedmathematics.ie/index.php/students/exam-solutions  

https://www.examinations.ie/exammaterialarchive/?i=112.114.95.103.98.96.113.101  

 

  

https://interactives.ck12.org/simulations/physics.html
https://www.thephysicsteacher.ie/
http://appliedmathematics.ie/index.php/students/exam-solutions
https://www.examinations.ie/exammaterialarchive/?i=112.114.95.103.98.96.113.101
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Signs, Symbols & Units 

Applied Maths and Science are very precise languages and hence signs and symbols have 

a definite meaning.  

SI Units 

SI units were introduced in 1960 to avoid international confusion of units.  'SI' stands for 

'Système International d'Unités'. 

There are seven base units:  

Quantity Unit Symbol 

Length metre m 

Mass kilogram kg 

Time second s 

Electric current ampere A 

Temperature difference kelvin K 

Amount of substance mole mol 

Luminous intensity candela cd 

All other SI units are derived from theses base units. 

Careless use of signs and symbols can confuse students and lead to many learning 

difficulties, e.g. using the symbol 's' for second sometimes and the incorrect 'sec' more 

times. 
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Basic Rules when typing SI units 

1. The symbol for a unit is always Roman (upright) font and there is always one space 
between number and unit and one space between unit and unit e.g. five metres would be 
written as 5 m and two metres per second as 2 m s-1. 

      Note: No plurals, e.g. the symbol for metre and metres is m. 

2. The symbol for a unit named after a person has a capital letter e.g. N. The name of the 
unit, however, begins with a small letter, e.g. newton. 

3. Multiples and sub-multiples of units are indicated by the standard prefixes, increasing 
and decreasing by factors of 103. In general sub-multiple symbols are lower case letters 
and multiple symbols are upper case letters e.g. two millimetres is 2 mm and eight 
megagrams is 8 Mg. ‘k’ for kilo is an exception  
Note: The prefix and the unit make one word and there is no space between the 

symbols. 

4. The recommended method of showing division () of symbols is to use a negative index, 
e.g. newton per metre squared is written N m-2. 
Note: the solidus (/) is also permitted but not recommended. 

5. Symbols for physical quantities i.e. quantities which can be measured, should always be 
written in italics, e.g. mass is denoted by m. This avoids confusion with the metre symbol 
m.  Symbols for vector quantities are printed in bold italics where it is wished to 
emphasise the vector nature of the quantity.  

6. Equations are relationships between physical quantities and should be written in italics, 
e.g. v = u + at.  
Note: no space between a and t in at above.   

7. Superscripts and subscripts are usually not italics e.g.  v2 = u2 + 2as  or when used for 
the displacements  s1 and s2. 

8.  Graphs are relationships between pure numbers and axes should be labelled 

accordingly. Since a physical quantity consists of a number multiplied by a unit it follows 

that the number is equal to the quantity divided by the unit, e.g. F = 5 N => 5 = F/N. 

Thus the axes of a graph of force against acceleration should be labelled F/N and  

a/m s-2. Columns of data in tables should be headed in the same manner.  

     Note: The symbol for a physical quantity, e.g. F for force, represents both the number 

and the unit. It is therefore incorrect to write: force = F N . 

 Scientific notation should be used.  In scientific notation numbers are always written 

with one digit before the decimal. The number of digits after the decimal indicates the 

accuracy, e.g. 8.0  103 indicates a value between 7950 and 8049. 

 Numbers with more than four digits have a space between groups of three digits, 

counting from the decimal point, instead of a comma,  

e.g. 24 567.001 23 [all on same line]. This is to avoid confusion with countries where 

a decimal is denoted by a comma. 

 9.  Use proper '' sign  for multiplication rather ' x'. 
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Additional Notes 

 

 


