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Example Diploma Examination
Written-Response Questions

Sample Two-Dimensional Vector Skill-Based Question

Utilisez I’information ci-dessous pour répondre a 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 Apreés
Stationary
Path of free electron
incident photo_rlll - 85,2;0 77777
A=375x10" " m
Path of

scattered photon

[Pl =1.67x 1072 N«
E=502x 107

| Réponse écrite — 10 % |

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

Meéthode 1 : Components

Situational diagram with vector components drawn in with x- and y-axes

Path of
A scattered electron

'
" Yelectron
'

)

Xelectron

'
|prholon
'

Path of
scattered photon

|p|=1.67x 1023 Nes
Vector addition of components
by conservation of momentum

B, _ > P

pincidentphOton

— n + =
pXélectron pxphoton

Pincident = %

6,63 1034J.s
375 10M1m

= 1,768 x 1072 N-s



Pincident = Pxgeron T Pphoton €08

- r)Xélectron + (1’67 X 10_23 NS) c0s 82,8°
r)Xélectron = 1155869 X 10—23 N-s
z rjiy = Z r)fy
O - r)yélectron + pyphoton
‘ pyé|90tf0n = ‘ pyphoton

= Pphoton sina
(1,67 x 10722 N-s)(sin 82,8 °)
1,65683315 x 10723 Ns

pélectron

‘ pyélectron

0

‘ pyélectron

— 2 R -
‘ pélectron‘ = ( pxz) + ( pyz)

(1,55869 x 10722 N-s)? + (1,65683315 x 10723 N-s)?
5,1746053 x 10~46 N2. 2

‘pélectron‘ = 22747758 x 1023 N-s

_ |9
VvV = —
m
_ 2,2747758 10 * N's
= 2,50 x 10" m/s
p
tan @ = @
[Py
1,55869 10 2 N.s
0 = 46,7°



Meéthode 2 : Cosine Law

—=

Vector addition diagram: because momentum is conserved in isolated systems: oup; s

pincidentphmOn

G

82.8°

pélectron

pscatteredphoton

3.2

‘2

b2 + ¢? — 2bc cos A

2 2
R j— R = R R o
‘ Pélectron - ‘ pincident‘ + ‘ pscattered‘ ‘ pincidentH Pscattered ‘ Cos 821 8

- h

pincident - A
6,63 10 3*J.s
3,75 10 !'m
1,768 x 107 N-s

2
= (1,768 x 1072 N-s)? + (1,67 x 10”2 N-s)? — 2(1,768 x 102> N-s)(1,67 x 102> N-s) cos 82,8°

pélectron

2

= 5,16708 x 10746 N2.s2

pélectron

‘r)électron‘ = \/5,16708 10 46 N2.g2

227312 x 1002 N's

_ 7
V = L 1
m
_ 227312 10 B N.s
9,11 10 3kg

2,49519 x 107 m/s
= 2,50 x 10" m/s
to get the angle:
a - _b
sin A sinB

‘ r)électron‘ _ ‘ r)scattered‘
sin 82,8° sind




(1.67x 10722 N-s)(sin 82.8°)
2.27312x10 "2 N-s
0 = 46.8°

sin@ =

velocity = 2,50 x 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

28 =25
Ephoton = Eélectron + Ephoton
he _ 1

2
Y = MV +pc

6,63 10 3* J.s 3,00 108 m/s L
= ==911 10 ¥ kg v® 167 10 ® N-s 3,00 10° m/s
375 10 *'m 2

v = 2,54 x 10" m/s
Then, to get the direction, use conservation of momentum, and do y-components.

Path of
A scattered electron

Path of
scattered photon

|P|=1.67x 1023 Nes

‘pyélectron - ‘pyphoton

MgV SINE = Pppoton SIN82,8°

(167 10 22 N-s)(sin82,8°)
(9,11 10 3'kg)(2,54 107 m/s)
0 = 457°

sind =

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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