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Formula Sheet—Physics SPH4U-C

Displacement, Velocity, Acceleration		  Physical Constants
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G = 6.67 × 10–11 Nm2

kg2

k = 9.0 × 109 Nm2

C2

e = 1.60 × 10–19  C
Mass of e = 9.11 × 10–31  kg
g = 9.8 m/s2

h = 6.63 × 10–34  Js
c = 3.00 × 108  m/s
Mass of proton = 1.67 × 10–27  kg

Force								       Useful Data

Fnet =m
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Fon FBD
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r 2
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Fs = kx

				  

Circular Motion 					     Basic Math Formulae
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2a

A
B

a
c

b C

A2 = B2 + C2 − 2BCcosa
A

sina
= B
sinb

= C
sinc

v = 2πr
T

        T = 1
f

ac =
v2

r
               


FnetCIRCULAR

 is 

Fc         Fc =

mv2

r
ac = 4π 2rf 2                                         Fc =m4π 2rf 2

ac =
4π 2r
T 2                                            Fc =

m4π 2r
T 2

Prefixes

G	 giga-	 109

M	 mega-	 106

k	 kilo-	 103

d	 deci-	 10–1

c	 centi-	 10–2

m	 milli-	 10–3

μ	 micro-	10–6

n	 nano-	 10–9

Body Mass (kg) Radius (m)

Earth 5.98 × 1024 6.38 × 106

Sun 1.99 × 1030 6.96 × 108

Moon 7.35 × 1022 1.74 × 106



Momentum						     Energy

p = mv

FΔt   = Δ


p

(impulse)

FΔt = m v2 −

v1( )

Conservation of momentum

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=

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For elastic collisions and 
object 2 at rest
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(“o” initial      “f ” final)

				    W    = ΔE = E2 − E1
(work)
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
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    = FΔdcosθ

Ek = 1
2
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= mgΔh

Epspring
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2
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Conservation of energy
ETinitial

= ETfinal

ET = Epg
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(In general ET = Ep + Ek )

For oscillating springs

T = 2π m
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Electric Fields					     Magnetic Fields

F = kq1q2

r 2        E = kq1q2
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q = ne      (n is an integer)
ε =

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				    
F = qv ×


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= qvBsinθ
= qvB     (θ = 90°)

F = ILB           (wire)

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Classical Light (Wave Nature)		  Modern Physics

c = λf     E = hf     E = hc
λ

Photoelectric Effect

hf = w + Ek

hfo = w

Ek = eV

(Note: 1eV = 1.60 × 10–19  J)
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retarding voltage
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Compton Effect
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Relativity
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subscript “s” :  observer at rest with
respect to the event

subscript “m” :  observer in motion with
respect to the event

c = λf

Thin Films
λ
2  shift for n1 < n2

0 shift for n1 > n2

path difference = 2t

Interference
A)  Double Slit
Maxima
mλ = path difference

= PmS1 − PmS2

mλ = d sinθm
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⎛
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B)  Diffraction Grating
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d = 1
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C)  Single slit diffraction
Minima
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Part A: Dynamics (23 marks) (approximate time: 22 minutes)

1.	 A 0.50 kg football is thrown from a height of 1.8 m with an initial velocity of 
15.0 m/s [R 34° U] (34° above the horizontal axis). Assuming that there is no 
interference and that the ball lands on the ground, how far will the ball travel 
horizontally? (6 marks)
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2.	 A block on an inclined surface is connected to another block that is hanging over 
the top edge of the incline, as shown in the following diagram. The blocks in the 
system are moving in such a way that block A (with a mass of 3.0 kg) is moving 
downwards, as block B (with a mass of 2.0 kg) slides up the ramp. The coefficient 
of kinetic friction between the ramp and the sliding block is 0.11. Determine the 
magnitude of acceleration of each of the blocks below, and the magnitude of force 
of tension in the string. (9 marks)

	

A
B

35°

2.0 kg

3.0 kg
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3.	 Complete ONE of the following. Clearly indicate whether you are answering #3 
Choice 1 or #3 Choice 2. (8 marks)

	 Choice 1:

	 A canoe travelling at 60.0 km/h [S] with respect to the water ends up travelling	
30.0 km/h [S 45° W] with respect to the shore, due to the current. Use your 
knowledge of vector components to calculate the current’s velocity.

	 OR

	 Choice 2:

	 A 0.050 kg yo-yo is swung in a vertical circle on the end of its 0.30 m long string at 
the slowest speed that the yo-yo can have. 

a)	 What is this speed? Include a labelled free-body diagram with your answer.

b)	 What will the maximum tension in the string be when the yo-yo is swung in a 
vertical circle at this speed? Where will this maximum tension occur? Include 
a labelled free-body diagram with your answer.
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Part B: Energy and Momentum (22 marks) (approximate time: 22 minutes)

4.	 A 0.065 kg object is attached to a spring with a spring constant of 100.0 N/m. 
The other end of the spring is attached to a wall in such a way that it rests 
on a frictionless horizontal surface. A force is exerted on the spring so that it 
experiences simple harmonic motion. (10 marks)

a)	 How much work would be done on this spring to compress it by 11.0 cm?
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	 b)	 Assuming that there is no friction, describe the energy conversions that take 
place, being sure to explain the location of maximum elastic potential energy 
and maximum kinetic energy.  
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	 c)	 What will the speed of the object be when it is passing the point of being 
compressed by only 5.5 cm? (Assume that the mass of the spring is negligible.) 
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5.	 Magnetic puck A, with a mass of 0.100 kg, is pushed towards stationary 0.050 kg 
magnetic puck B, to cause a head-on collision. You may neglect friction. The initial 
velocity of puck A is 12 m/s [E]. Puck B moves with a velocity of 14 m/s [E], after 
the collision. 

	 a)	 Find the velocity of puck A after the collision. (3 marks)

	 b)	 Find the net force acting on puck A if the collision takes 0.20 s. (3 marks)

6.	 Skater A, with a mass of 72.0 kg, is moving at 11.0 m/s [S] when he collides with 
skater B, with a mass of 42.0 kg, moving at 14.0 m/s [E]. The collision is completely 
inelastic and the two skaters move off together after the collision. Find the velocity 
of the skaters, right after the collision. (6 marks)
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Part C: Gravitational, Electric, and Magnetic Fields (20 marks) (approximate time: 22 minutes)

7.	 A 200 kg satellite is in circular orbit at a height of 600 km above the earth’s surface.

	 a)	 Find the speed of the satellite. (4 marks)

	 b)	 Find the gravitational field strength at this altitude. (3 marks)
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8.	 Examine the charge distribution shown.  

	

q1 = +4.0 × 10–5 C q2 = –4.0 × 10–5 C
Z

4.0 m
3.0 m

•
	 a)	 What will the net force be on a third charge of q3 = –3.0 × 10–5 C, placed at 

point Z? (4 marks)
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	 b)	 What will the total electric potential energy be if a third charge of –3.0 × 10–5 C 
is placed at point Z? (4 marks)

9.	 A magnetic field of 2.2 T [down] is 3.0 m wide. 

	 a)	 Find the magnetic force on a proton moving at 3.0 × 105 m/s [east] in the field. 	
(3 marks)
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	 b)	 Find the radius of the circular path of the proton. (2 marks)

Part D: The Wave Nature of Light (15 marks) (approximate time: 22 minutes)

10.	 In an investigation to test Thomas Young’s double-slit experiment, a helium–neon 
laser is used to produce an interference pattern on a screen. 

	 a)	 Use the following measurements to determine the wavelength of light in three 
different ways. (4 marks)

•	 The angle to the eighth maximum is 3.08°. 

•	 The distance from the slits to the screen is 2.00 m.

•	 The distance from the first minimum to the fifth minimum is 5.38 cm.

•	 The distance between the slits is 0.0950 mm.

•	 The distance from the centre of the pattern to the sixth maximum is 8.06 cm.
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	 b)	 What are two possible changes that would each result in an increase in the 
distance between the nodal lines? (2 marks)

	 c)	 What changes would occur if (i) one of the slits were covered or (ii) the light 
were shone through a diffraction grating? What would cause these changes? 
(3 marks)
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11.	 Answer ONE of the following questions. Clearly indicate whether you are 
answering #11 Choice 1, #11 Choice 2, or #11 Choice 3. (6 marks)

	 Choice 1:

	 What type of wave is light, and how is light energy propagated through space? 
How are these types of waves created, for example, with an oscillator?

	 OR

	 Choice 2:

	 Light can be polarized. Explain what this means, and how it influences our 
understanding of the type of wave that light is. Briefly describe two ways in which 
light is naturally polarized. Describe one application of light-polarizing materials.

	 OR

	 Choice 3:

	 a)	 What is dispersion? Explain why it happens. 

	 b)	 When sunlight hits the thin film of a soap bubble, only red and green colours 
seem to be reflected. Why is this? What happened to the other colours?
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Part E: Modern Physics (21 marks) (approximate time: 22 minutes)

12.	 In 2010, a 20-year-old astronaut leaves her twin on earth and goes on a rocket to 
explore the galaxy. The rocket moves at 2.7 × 108 m/s during the voyage. It returns 
to earth in the year 2040.

	 a)	 Using relativity, calculate the age of the returning astronaut. (3 marks)
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	 b)	 Find the length of the rocket in earth’s frame of reference when it is moving, 
given that the rest length is 120 m. Assume you are a stationary observer 
viewing the rocket from the side. (3 marks)

	 c)	 Find the relativistic mass of the rocket when it is moving, given that the rest 
mass is 150 000 kg. (3 marks)
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13.	 Light with a wavelength of 550 nm illuminates a metallic surface with a work 
function of 1.10 eV.  

	 a)	 What is the maximum speed of the photoelectrons? (4 marks)

	 b)	 What is the minimum potential required to stop the electrons? (2 marks)
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14.	 Given a photon with wavelength 520 nm, find the energy and momentum of the 
photon. What equivalent mass would a particle have if all the energy of the photon 
were converted to mass? (6 marks)


