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Physics 1004: Winter 2010 
Introductory Electromagnetism and Wave Motion 

Please do not sit in back 5 rows 
Please pick up a copy of the course outline (also 

on WebCT) 

Please initial attendance sheet in beside your 
student number 

If your number missing, add it at end  
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Physics 1004: Winter 2010 
Introductory Electromagnetism and Wave Motion 

•  This is section B 
–  lectures Tues and Thurs  19:30-21:00  AT102 
–  tutorials/labs (start week of Jan 11): HP 4130 

one of   
– B6 Thurs  14:30 - 17:30 
– B7 Mon    10:00 – 13:00 
- B8 Wed     8:30 - 11:30 

•  Lecturer   David Asner 
•  Research Area is Particle Physics   
•  office Herzberg Physics: Rm 2410 

–  asner@physics.carleton.ca  
–  http://www.physics.carleton.ca/~asner          
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A drop in centre will 
be arranged: Times & 
location to be 
announced in class & 
posted on WebCT. 

Senior undergrads 
will staff it. 
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Attendance is expected and will be 
recorded (at the request of engineering) 

There is a strong correlation between attendance and marks. 

78% 

56% 

average of all 
students with 
no attendance 

was 30% 
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Science stores 

strange hours              
-closed over 
lunch 
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Many other 
problems are 
part of the 
quizzes! 

The purpose of solving problems is to understand the physics, 
the relationships, not just to find the right equation to “plug 
and chug” 
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continues … 

You are 
expected to 

read the book 
ahead of time. 

Not all 
examinable 

material will be 
covered in 
lectures 

WebCT quizzes 
may include 

material not yet 
covered in 
lectures. 
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Cheat sheets 

We will have 
covered all of this 
by the end of term! 



18 

How the lectures work 
•  the text is great:  STUDY IT - make notes from it 
•  not presenting the derivations done in the text. 

–  will highlight a few central concepts and help you 
develop strategies for doing problems 

–  but you must learn the book material yourself 
–  you are responsible for the entire contents as specified 

in the outline (there are 4 lecture sections & 1 exam) 
–  ask questions about things you don’t understand 

•  I will ask questions during the lecture and ask you to think 
about the answers - and, on occasion, discuss with your 
neighbour  : otherwise I expect reasonable silence 

•  I would be delighted if everyone in the class got an A+ 
–  but it is up to you to do the thinking and the work. 
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How the lectures work (cont) 

•  make notes during the class!!!                                               
I will be posting notes from current lectures  

•  use lecture time productively (if you need to 
sleep, find a place to lie down outside the class) 

•  if you listen to something, you remember 10% 
•  if you see something you remember 20% 
•  if you write something, you remember 50% 
•  So write things down, and redo it to get to 100% 
•  (these numbers made up, and vary for individuals, but the    

  point is valid.  Writing is essential to learning) 
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Read the textbook’s 

Preface to the student  

•  We do not explicitly use the student 
workbook 
–  you may benefit by using it 

•  expectation:  
–  average 2 hours of study outside of class 

for every hour in the classroom 
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Take out a piece of paper. 

Write down a systematic way to convert an electric field 
strength of    30 kV/cm    into V/m . 

Is it? 

a) 30 V/m 

b) 300 V/m 

c) 3,000 V/m 

d) 30,000 V/m 

e) 300,000 V/m 

f) 3,000,000 V/m 

Ans:  
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On main area of 
WebCT for course 
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On main area of 
WebCT for course 
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Office Hours 

-  When is good for office hours? (2 x 1h) 
-  I will circulate a doodle poll to the class 
-  Respond if you want your input to count 

•  other meeting times can be arranged by e-
mail – asner@physics.carleton.ca 
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General comments 

•  the course uses SI units almost exclusively. 
– On my part of the WebCT page there is 

a link to some basic rules for use and 
writing of SI units. 

•  significant figures 
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Significant figures 
-WebCT cares about significant figures  
-most problems are to 3 sig fig  
How many sig figs are there in each of the following? 
1.23456789   8 or 9   
1.23     2 or 3 
123.0       1, 3 or 4 
0.00123     3, 5 or 6 

3.0x103 ≡ 3.0E3  1, 2 or 3 

20.00     1,2 or 4 
3000.     1 or 4 
3000               1, 4, undefined 

9 
3 
4 
3 
2 
4 
4 
1 or undefined (often 
means 4) 

Significant figures 
are not to be 
confused with 
decimal places 

1.23, 12.3 123 and 
0.000123 

all have 3 sig figs 
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Chap 3: Vectors & Coordinate Systems 

•  Interesting Background Information 
–  1/3 of students have working knowledge of vectors 
–  1/3 of students have partial knowledge of vectors 
–  1/3 of students have no useful knowledge of vectors 

•  You need to understand vectors cold! 

•  There is a strong correlation between NOT doing well 
in this course and NOT understanding vectors. 

•  Vectors are a tool you need to master to demonstrate 
you understand the physics. 
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Learning Objectives 

•  To understand the basic properites of 
vectors 

•  To add and subtract vectors both 
graphically and using components 

•  To be able to decompose a vector into its 
components and to reassemble vector 
components into a magnitude and a 
direction 

•  To recognize and use the basic unit vectors 
•  To work with tilted coordinate systems 
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Reading Quiz 

•  Before each lecture you must read the 
relevant sections of the textbook 

•  You will get much more out of the lectures 
•  At the beginning of each class there will be 

a “Reading Quiz” 
•  The purpose of this quiz is for you to gauge 

for yourself if you understood enough of 
what you read to benefit from the lecture 
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What is a vector? 

A.  A quantity having both size and direction 
B.  The rate of change of velocity 
C.  A number defined by an angle and a magnitude 
D.  The difference between initial and final displacement 
E.  None of the above 
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What is a vector? 

A.   A quantity having both size and direction 
B.  The rate of change of velocity 
C.  A number defined by an angle and a magnitude 
D.  The difference between initial and final displacement 
E.  None of the above 
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What is the name of the quantity represented as 

A.  Eye-hat 
B.  Invariant magnitude 
C.  Integral of motion 
D.  Unit vector in x-direction 
E.  Length of the horizontal axis 
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What is the name of the quantity represented as 

A.  Eye-hat 
B.  Invariant magnitude 
C.  Integral of motion 
D.   Unit vector in x-direction 
E.  Length of the horizontal axis 
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This chapter shows how vectors can be added using 

A.  graphical addition. 
B.  algebraic addition. 
C.  numerical addition. 
D.  both A and B. 
E.  both A and C. 



36 

This chapter shows how vectors can be added using 

A.  graphical addition. 
B.  algebraic addition. 
C.  numerical addition. 
D.   both A and B. 
E.  both A and C. 
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To decompose a vector means 

A.  To break it into several smaller vectors. 
B.  To break it apart into scalars. 
C.  To break it into pieces parallel to the axes. 
D.  To place it at the origin. 
E.  This topic was not discussed in Chapter 3. 
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To decompose a vector means 

A.  To break it into several smaller vectors. 
B.  To break it apart into scalars. 
C.   To break it into pieces parallel to the axes. 
D.  To place it at the origin. 
E.  This topic was not discussed in Chapter 3. 
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Physical Example 

•  Quantities that are fully described by a single number 
(with units) are called scalar quantities 
–  Mass (kg) - m - scalars get italic symbols 
–  Temperature (oC) - T, Volume (cm3 or mL) - V 
–  Pressure (P), density (ρ), energy (E), charge (q), 

voltage (V) 
•  Our universe has three (spatial) dimensions so some 

quantities also require a direction - vector quantities 
–  Directions: Go three blocks South 

•  A vector quantity has magnitude AND direction 
–  e.g. position, displacement, force, electric field 



Which figure shows                    ? + +
r r r
A A A1 2 3



Which figure shows                    ? + +
r r r
A A A1 2 3



Which figure shows 2   −     ? 
r
A

r
B



Which figure shows 2   −     ? 
r
A

r
B



What are the x- and y-components 
Cx and Cy of vector     ? 

r
C

A.  Cx = 1 cm, Cy = –1 cm 
B.  Cx = –3 cm, Cy = 1 cm 
C.  Cx = –2 cm, Cy = 1 cm 
D.  Cx = –4 cm, Cy = 2 cm 
E.  Cx = –3 cm, Cy = –1 cm  



What are the x- and y-components 
Cx and Cy of vector     ? 

r
C

A.  Cx = 1 cm, Cy = –1 cm 
B.  Cx = –3 cm, Cy = 1 cm 
C.  Cx = –2 cm, Cy = 1 cm 

D.  Cx = –4 cm, Cy = 2 cm 
E.  Cx = –3 cm, Cy = –1 cm  



A. tan–1(Cy /Cx) 
B. tan–1(Cx /|Cy|) 
C. tan–1(Cy /|Cx|) 
D. tan–1(Cx /Cy) 

E. tan–1(|Cx |/|Cy|) 

Angle φ that specifies the 
direction of       is given by r

C



A. tan–1(Cy /Cx) 
B. tan–1(Cx /|Cy|) 
C. tan–1(Cy /|Cx|) 
D. tan–1(Cx /Cy) 

E. tan–1(|Cx |/|Cy|) 

Angle φ that specifies the 
direction of       is given by r

C
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Example: Find D = 2A +B   .  
Write your answer in component form. 
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Vector review 
Vector techniques are essential to this course. 

Study Ch 3 of the text and know it cold! 

What is a vector a   or            ? 
It is a quantity which has both direction and 
magnitude. 

It is associated with the position at its tail. 

‘the displacement relative to that tail’ 

or ‘the force acting on an object there’ 
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Vector review (cont) 

What is                 ? 

What is                 ? What is             ? 
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Vector review (cont) 
Elementary trigonometry 

θ


a 

b 

c 

b/c  => b = c cosθ

a/c 
a/b 
b/a 
c/b 
c/a   

=(a/c)2 + (b/c)2 = (a2 +b2)/c2 = c2/c2 = 1 
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Vector review (cont) 
Components of Vectors             Decomposition of a vector 

What are x and y components of 
vector a which has magnitude        
a = |a| and direction θ wrt x axis? 

What is the magnitude of 
a in terms of ax and ay? 

Are the components vectors?  Yes 

Directions?  
What are magnitudes of components?  

same as x, y axes 

What is the angle θ in terms 
of components ax and ay? 

b) components 
unchanged 
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Example 3.1 from text 
•  A bird flies 100 m due east, then 200 m northwest, 

what is the bird’s net displacement? 
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Vector review (cont) 
Multiplying Vectors: dot or scalar product 

The dot product can be considered as 
the magnitude of one of the vectors 
(a) times the scalar component of the 
second vector along the direction of 
the first (b cosφ). 

a, b aligned ==>  

    a  |  b     ==> 
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Vector review (cont) 
Which of these methods for combining the x and y 
components of vector a are correct? 

no 

no 

no yes 

yes yes 

Components must 
be head to tail 
and a must 
extend from tail 
of one to head of 
the other 

Note: if a component 
is opposite the axis 

direction, then,      
eg,  ay is <0 

(but its magnitude,  |
ay| is > 0) 
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Unit vectors 

k 

^ 

^ 

^ 

i 

j 

Three vectors are 
defined with unit 

magnitude and direction 
along the positive          
x, y and z axes. 

They form the basis of 
a right-handed 

coordinate system 
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Question 
For the vectors a and b,           
what are: 

i) 

ii) 

|a| = 3   |b| = 2 

|a + b| =  
θ


tan θ =  

Is this a scalar or a vector?  Ans: scalar  

 sqrt(4+9)=3.6 
2/3 => θ = 34o 

where φ =90 is the angle between       and  
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Question 
For the vectors a and b,           
what are: 

1) 

2) 

|a| = 3   |b| = 2 

|a - b| =   3 - 2 = 1 

= ab cos 0 = ab 



61 

Example 3.6 from text 
•  A bird flies 100 m due east, then 200 m northwest, 

what is the bird’s net displacement? 
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addition is commutative 

(        ≡ a ) 

Vector review 

Magnitudes of a and b are 3 m and 4 m, and c = a + b. 
Considering various orientations of a and b,             
what is the maximum magnitude of c?    1 m, 4 m, 7 m 

what is the minimum magnitude of c?     1 m, 4 m, 7 m               

7 m 

1 m 
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Example 3.7 from text 
•  A horizontal force F  with strength 10 N is applied 

to a surface. The surface is tilted at a 20o angle. 
Find the component of the force perpendicular to 
the surface. 
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The end of vector review 
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Chapter 10.1-10.5: Energy 

•  To begin developing a concept of energy 
– What it is? 
– How it is transformed? 

•  To introduce the concepts of kinetic and 
potential energy 

•  To learn Hooke’s law and the new idea of a 
restoring force 

•  To learn how to interpret energy diagrams 
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Energy is a physical quantity with properties 
somewhat similar to 

A. money. 
B. heat. 
C. a liquid. 
D. work. 
E. momentum. 
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Energy is a physical quantity with properties 
somewhat similar to 

A.  money. 
B. heat. 
C. a liquid. 
D. work. 
E. momentum. 



68 

Hooke’s law describes the force of 

A. gravity. 
B. tension. 
C. a spring. 
D. collisions. 
E. none of the above. 
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Hooke’s law describes the force of 

A. gravity. 
B. tension. 
C.  a spring. 
D. collisions. 
E. none of the above. 
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A “Natural Money” called Energy 
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Kinetic and Gravitational Energy 

•  Kinetic Energy 
–  Energy associated 

with motion 
–  K = 1/2 m v2 (J) 
–  1 J = 1 kg m2/s2 

•  Potential energy 
–  Gravitational potential 

•  U = mgy (J) 
–  Elastic potential 

•  U = 1/2 k(Δx)2 (J) 
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A few examples 

•  A block slides down a frictionless ramp of 
height h. It reaches velocity v at the 
bottom. To reach velocity 2v, the block 
would need to slide down a ramp of height 
a)  1.41h 
b)  2h 
c)  3h 
d)  4h 
e)  6h 
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A few examples 

•  A block is shot up a frictionless 40o slope with 
initial velocity v. It reaches a height h before 
sliding back down. The same block is shot with the 
same velocity up a frictionless 20o slope. 
a)  2h 
b)  h 
c)  0.5 h 
d)  Greater than h, but can’t predict exact value 
e)  Less than h, but can’t predict exact value 
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A few examples 

•  Two balls, one twice as heavy as the other 
are dropped from the roof of a building. 
Just before hitting the ground, the 
heavier ball has 
a)  One-half 
b)  The same amount 
c)  twice 
d)  Four times 
 the kinetic energy of the lighter ball 
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End here 
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Which figure shows  
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Which figure shows  



78 

Which figure shows  
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Which figure shows  
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What are the x- and y-components Cx and Cy of vector  

A.   Cx= –3 cm, Cy = 1 cm 
B.   Cx= –4 cm, Cy = 2 cm 
C.   Cx= –2 cm, Cy = 1 cm 
D.   Cx= –3 cm, Cy = –1 cm 
E.   Cx= 1 cm, Cy = –1 cm 
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A.   Cx= –3 cm, Cy = 1 cm 
B.   Cx= –4 cm, Cy = 2 cm 
C.   Cx= –2 cm, Cy = 1 cm 
D.   Cx= –3 cm, Cy = –1 cm 
E.   Cx= 1 cm, Cy = –1 cm 

What are the x- and y-components Cx and Cy of vector  
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A.   tan–1(Cx/Cy) 
B.   tan–1(Cx/|Cy|) 
C.   tan–1(|Cx|/|Cy|) 
D.   tan–1(Cy/Cx) 
E.   tan–1(Cy/|Cx|) 

Angle     that specifies the direction of  
is given by 
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A.   tan–1(Cx/Cy) 
B.   tan–1(Cx/|Cy|) 
C.    tan–1(|Cx|/|Cy|) 
D.   tan–1(Cy/Cx) 
E.   tan–1(Cy/|Cx|) 

Angle     that specifies the direction of  
is given by 

Cr
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Which of these methods for combining the x 
and y components of vector a are correct? 

Components must 
be head to tail 
and a must 
extend from tail 
of one to head of 
the other 

Note: if a component 
is opposite the axis 

direction, then,      
eg,  ay is <0 

(but its magnitude,  |
ay| is > 0) 
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Question 
For the vectors a and b, what are: 

|a| = 3   |b| = 2 

|a - b| =  

 = 6 sin 0 = 0 
Direction?  

Right hand rule: Magnitude 0 => not needed:                     
No angle to sweep out anyway. 

 3 - 2 = 1 

= ab cos 0 = ab 
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Vector review (cont) 
Multiplying Vectors: vector or cross product 

where f is the smaller of the two  

angles between the vectors and 

c is  |  the plane containing a and b and the direction 
follows the right hand rule (when the tails of the 
vectors are together, fingers sweep a into b and the 
thumb points in the direction of c). 

What is the direction of c for the                         
upper figure? 
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What is a scientific theory? 

We know the law of gravitation 

where G is a universal constant, m, M are the masses 
of two bodies a distance r apart and F is the force 
acting on each body towards the other. 

What is the Newtonian theory of gravitation?           

Does the theory tell us what makes gravity work?      
If not, is it still a theory of gravitation?  

“In science, a theory is a proposed description, 
explanation, or model of the manner of interaction of 
a set of natural phenomena, capable of predicting 
future occurrences or observations of the same kind, 
and capable of being tested through experiment or 
otherwise falsified through empirical observation.” 
Wikipedia 
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What is a scientific theory? 
According to Karl Popper (Austrian/British 
philosopher of science, 1902-1994), a scientific 
theory only has content if it makes predictions that 
might be falsified, thereby disproving the theory. 
(http://plato.stanford.edu/entries/popper/) 

So we need predictions and there need to be 
predictions that could be shown to be wrong by 
observing or measuring something. 

But it doesn’t have to explain “Why” in a 
fundamental way (of course it is “better” if it does). 

Note that creationism or “intelligent design” are not 
scientific theories because they make no falsifiable 
predictions. 
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Back to gravitation 
Here is a more fundamental theory of gravitation: 

Consider space being filled with invisible particles which 
collide (from all directions equally) with all objects with 
mass and transfer some small momentum to them.  Two 
masses shadow each other and thereby lead to a net force 
between the objects which decreases as 1/r2 because the 
area shadowed decreases by that amount. 

Problem is, the theory predicts that a moving object would 
hit more of these particles on the front and lead to a 
slowing force on any moving object. 
Experimentally, we know such a force does not exist  

 => the theory does not apply. 
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Gravity and scientific theories (cont) 

In practice, for gravity the mathematical expression  

is all we have. We know what gravity does, but we don’t 
know how it does it. 
But it is a perfectly good theory and predicts how the 
planets move (with minor exceptions due to general 
relativity), it predicts a rockets’ trajectory, why we 
stay on the surface of the earth, etc, etc. 
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Reading Quiz Questions 

^ i 

•  What is a vector? 

•  What is the name of the quantity represented by      ? 

•  Chapter 3 shows how vectors can be added using 
a)  graphical addition  d)  a) and b) 
b)  Vector addition  e)  a) and c) 
c)  Numerical addition  f)  a), b) and c) 

•  To decompose a vector means 
a)  To break it into several smaller vectors 
b)  To break it apart into scalars 
c)  To break it into pieces parallel to the axes 
d)  To place it at the origin 
e)  This topic was not discussed in Chapter 3. 
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A perfectly elastic collision is a collision  

A. between two springs. 
B. that conserves potential energy. 
C. that conserves thermal energy. 
D. that conserves kinetic energy. 
E. All of B, C, and D. 
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A perfectly elastic collision is a collision  

A. between two springs. 
B. that conserves potential energy. 
C. that conserves thermal energy. 
D. that conserves kinetic energy. 
E. All of B, C, and D. 


