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Example Diploma Examination  
Written-Response Questions 
 
Sample Two-Dimensional Vector Skill-Based Question 
 

Utilisez l’information ci-dessous pour répondre à la question  
sur les habiletés reliées aux vecteurs bidimensionnels. 

 
In an observation of the Compton effect, a photon is incident on a free electron.  
The scattered photon is detected, as illustrated below.  The scattered electron is 
not shown. 

      Avant                     Après 
 
 

 
 

 
Réponse écrite –– 10 % 

 
 1. Determine the velocity of the scattered electron.  As part of your response, draw an arrow 

showing the path of the scattered electron, sketch a vector addition diagram consistent with 
the vector analysis method you are choosing, and state all necessary physics principles and 
formulas. 
 

 
Des points seront attribués pour les diagrammes vectoriels que vous allez tracer, pour les 
principes de physique que vous allez utiliser et pour les opérations mathématiques que vous 
allez présenter.  
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Sample Solutions for Two-Dimensional Vector Skill-Based Question  
 
Situational diagram:  the electron will be scattered up and right. 
 

Path of
scattered photon

θ
82.8°

 
 
Méthode 1 : Components 
 
 Situational diagram with vector components drawn in with x- and y-axes 

 
 
Vector addition of components 
 by conservation of momentum 
 

 xip∑  = xfp∑  
 

photonincidentp  = 
électron photonx x+p p  

 
 pincident = h

λ  

  = 
-34

-11
6,63 10 J s
3,75 10 m

. 
 

 

  = 1,768 × 10–23 N.s 
 



 6 

 pincident =  électronx photon+ cosp p  

  = 
électronxp + (1,67 × 10–23 N.s) cos 82,8° 

 
électronxp  = 1,55869 × 10–23 N.s 

 

 yip∑  = yfp∑  
 0 = 

électronyp  + photonyp  

 
électronyp  = photonyp  

  = pphoton sin α 

  = (1,67 × 10–23 N.s)(sin 82,8 °) 
  = 1,65683315 × 10–23 N.s 
 

 

électronyp

électronyp  

électronp  

 θ

 
 

 
2

électronp  = ( ) ( )2 2
x yp p+   

  = (1,55869 × 10–23 N.s)2 + (1,65683315 × 10–23 N.s)2  
  = 5,1746053 × 10–46 N2. s2 
 électronp  = 2,2747758 × 10–23 N.s 

 

 v = 
p
m  

  = 
23

31
2, 2747758 10 N s

9,11 10  kg
. 

 
 

 
 

  = 2,50 × 107 m/s 
 

 tan θ = 
y

x

p

p
 

 θ = 
23

1
23

1, 65683315 10 N stan
1,55869 10 N s

.
.

 
 

 
 

 
 (           )  

 θ = 46,7° 



 7 

Méthode 2 : Cosine Law 
 
Vector addition diagram:  because momentum is conserved in isolated systems:   i fou p p  

 

82.8° 

photonincidentp  

électronp  
photonscatteredp  

θ

 
 
 
 a2 = b2 + c2 – 2bc cos A 

 
2

électronp  = 
2 2

incident scattered incident scattered+ cos 82,8°p p p p  

 

 pincident = h
λ  

  = 
34

11
6, 63 10 J s
3, 75 10 m

. 

 
 
 

 

  = 1,768 × 10–23 N.s 
 

 
2

électronp  = (1,768 × 10– 23 N.s)2 + (1,67 × 10– 23 N.s)2 – 2(1,768 × 10– 23 N.s)(1,67 × 10– 23 N.s) cos 82,8° 

 
2

électronp  = 5,16708 × 10–46 N2.s2   
 

 électronp  = 46 2 25,16708 10 N s.   

  = 2,27312 × 10–23 N.s 
 

 v = 
p
m  

  = 
23

31
2, 27312 10 N s

9,11 10 kg
. 

 
 

 
 

  = 2,49519 × 107 m/s 
  = 2,50 × 107 m/s 
 to get the angle: 

 sin
a

A  = sin
b

B  

 électron
sin 82,8
p

 = scattered
sin

p
θ  



 8 

 sin θ = 
23

23
(1.67 10 N s)(sin 82.8 )

2.27312 10 N s
.

.
−

−
×

×
 

 θ = 46.8° 
 
 velocity = 2,50 × 107 m/s at 46,8° as labelled in diagram 
 ou  46,8° from positive x-axis (requires an x-axis to have been labelled) 

 ou  46,8° north of east (requires compass rosette) 
 
 
Méthode 3 
          iE∑  = fE∑  

 Ephoton = Eélectron + Ephoton   

 hc
λ  = 21

2 mv  + pc 

 
    34 8

11

6, 63 10 J s 3, 00 10 m/s

3, 75 10 m

. 

 

  

 
 =    31 2 23 81 9,11 10 kg 1, 67 10 N s 3, 00 10 m/s2

.v         

 v = 2,54 × 107 m/s 
 
Then, to get the direction, use conservation of momentum, and do y-components. 

 
 

électronyp  = 
photonyp    

 meve sinθ = photonp  sin82,8° 

 sinθ = 
23

31 7
(1, 67 10 N s)(sin 82,8 )

(9,11 10 kg)(2,54 10 m/s)
. 

 
 

  
 

 θ = 45,7° 
 
Another method that could be used to get the direction is to use conservation of momentum and 
the cosine law with the vector addition diagram. 
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