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LO1 - EMR

Q1: An uitraviolet source emits electromagnetic waves with a frequency of 2.47 x 10® Hz. its
wavelength, expressed in scientific notation, is b x 10™ m. The value of b is 5

(Record your three digit answer in the Numerical Response boxes below)
Cc~ fA
(3.0x09) - (243%05) A
A= .20 x10"

I11.]12]1

Use the following information to answer Q2:

The Electric Field Component of an Electromagnetic Wave in a Vacuumn

1 : : ', : - 1(107%)

2: The length of this electromagnetic wave i 2 [ 2 s
Q waveleng i g wave is - - - DreT © 2504105/

a. 6.0x10°m ,
@) 1.2x10°m ST
c. 25x10°m (Z.Ox,os)t (2.50x105) N
13
d. 75x10" m A= 1200 on
= 1-2 %03
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Q3: Electromagnetic radiation is produced by charged particles that are moving

a. Atthe speed of light
b. With zero acceleration
@ With a changing velocity
d. Parallel to a fixed magnetic field

Q4: An electromagnetic wave is sent from Earth to the Moon and reflected back to Earth. if the total
time taken is 2.48 s, then the distance from Earth to the Moon, expressed in scientific notation, is
b x 10" m. The value of b is ’

(Record your three digit answer in the Numerical Response boxes below)

" . 2
3l.]3]2 VTt
3.0N08 s .;qg
/?;TZ:—"'\ C&(uw\éuip‘ ?.lf‘{xlovm

dr s 2.32 x10% oo

Q5: Which of the following types of radiation has the longest period?

i e $A lows ¥ ;-!;jk-f
@) Radio wayes =R RMTYU x

b. Infrared light o Bq T Semll T
c. Ultraviolet light

d. Gamma radiation

Q6: Which of the following properties is a property of X-rays not not of radio waves?

a. Reflection

b. Refraction Propsties of _all voaves, pot s £MR
c. Interference

@ Gas ionization bj process of elimmnation
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LO2 - Speed of Light

Use the following information to answer Q7:

A student is curious about how far away a distant mountain is. She drives to the distant mountain,

climbs to the top, and sets up a reflecting mirror. Back at her residence, the student recreates
Micheison’s experiment, per the diagram below.

The student finds that light is able to successfully travel from the light source to her eye when the
octagonal mirror has a rotational frequency of 525 Hz.
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Q7: Using the experiment described above, how far away is the mountain from the student’s
household?

£~ 525z
35.7 km = i
b) 71.4km T=2% = 190436 x106™"¢
) 142.9km hh g Lol e \
0 B B oF & whtia 0 KMo et puiod
Iy 1
Kew foc /8*“ of a ¢olubicr = 2. 38095... 110'15
. 2
N
3.0xp8 - S cooed Mip

—

2.38095... x4

Ck(uvvé MP = '?1‘128 X‘Oq\"‘)

% = 35WY xiDTm
2~ 357 ke
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L03&04 - Reflection Ray Diagrams and Equations

Use the following information to answer Q8-Q10:

A 2cm tall object is placed 15cm from the vertex of a concave mirror. A real image appears 20cm
from the vertex.

Q8: The focal length of the concave mirror is cm.

(Record your three digit answer in the Numerical Response boxes below)

8l.]5]7

I LRt

5 So ac

P d— 41

5 5 2o

5+ 85%F ¢
Q9: Which best describes he image formed?

a. 1.5cm tall and erect he | - Q&:

b. 1.5 cm tall and inverted Yo Ao
c. 2.7 cmtall and erect he . - (20

@@ 2.7 cm tall and inverted 2 15

he ==2. 6 cm

Q10: Sketch a ray diagram for this question.




LO5 - Refraction

Q11: When light passes from air into a ruby (n = 1.54), the wavelength of the light __i

frequency of the light

W s &

i ii

A increases degreases

B increases stays the same

C decreases deereases

D decreases stays the same

a) A

b) B D2 .

c) C m,
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Q12: Visible light that has a wavelength of 6.00 x 107 m in air is directed into fused quartz. The index of
refraction of fused quartz is 1.46. The wavelength of this light inside the fused quartz, expressed in
scientific notation, is x 10" m.

(Record your three digit answer in the Numerical Response boxes below)

4] .

!

L

A ()

n,= Loo
Mo 6-00%0 Fea

0 A
‘ Az
146 o 4.00x07"
L 00 N2
Mz * Y125 .. x0

n

Y.l xip™7 A

L

Ruby (2)

nz': ’."16
)\Z’—?
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L06 — Refraction Lenses

Use the following information to answer Q13:

An object is placed 1.5f from a diverging lens, as diagrammed below.

A/ ] c 3
- ?.'. > = e e

= o o om0 0 o e B n .. -

Q13: Which of the following best described the image that is formed?

a) Position A, Virtual, Inverted, and Enlarged
Position B, Virtual, Erect, and Diminished

c) Position C, Real, Erect, and Diminished

d) Position D, Real, Inverted, and Enlarged

Q14: At what distance above this page would a convex magnifying lens that has a focal length of 10.0 cm
have to be held for the image of the letters to appear upright and 3 times as tall?

a. 3.33cm \
- av ) A
® 667cm = 8 2 B e P
do d‘
c. 133cm T Yk
— 17— N = + !
d. 15.0cm 43 = ;é: o T 3L,
(e D VAR A ke o cococmo & poennatoc
of 36 4,.
A -3,

e R
30&-0 Boéo .—3—0_;0

24 = 30~
24, = 20

do = 339 = 66:—76«\

[}

2}
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LO7 - Refraction Lenses Graphing and Optics Rails

Use the following information to answer the next question.

Some physics students do an experiment to find the focal length of a converging lens. They
set up an optical bench and measure the image distance as a function of the object distance.

Detection screen

A A 7 /1'_5 i 5

Their data are plotted blow.
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Q15: The slope of the line is ~a.b. You will need to record the values of @ and b.

Using the y-intercept, the experimental value of the focal length of the lens, expressed in units of
centimeters, is ef cm. You will need to record the values of e and f.

™M= =-1.O

The valuesofa, b, e, and fare _| , O, 2 and 6.

(Record your four digit answer in the Numerical Response boxes below)

lj—-)(\k(&?(’ 5 3q
£~ ’E:'i- 0. 2564

l

olzlé ~ 26cm




By E

LO9 - Diffraction, Interference, and Polarization

Use the following information to answer Q16:

An infrared EMR source of unknown wavelength is incident on a double slit. The diffraction pattern
intensity is plotted out, as seen in the diagram below.

Incident TR g
plane Doubile Slit Diffraction

wave

\ Single siit £

J envelope {:“: ‘
L V s d - +21000m
- Ocm

i -- -2100nm

M

4000 nm

Q16: In the above experiment, the wavelength of the infrared EMR wave is a.be x 10 m, where the
valuesof a, b, ¢, and d are ’ ; ,and ___. (2marks)

(Write your four-digit numerical response answer in the boxes below)

8132 el ke T 'TZ:\@"‘?,’
Aﬁ 0= 4o (B2)

o ©~ 27.649917 2808 *

A Qsin©
n

A= (1800 <o) Sio (27.697...)
o n

A2 £363.. %10 T

A= 8.3F3xp
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L13 - Photons

Use the following information to answer Q17:

The different colors seen in exploding fireworks are produced using different elements.

Element Predominant Color
Strontium Red 4
Barium Green
Copper Blue-Green
Sodium Yellow-Orange

Q17: Given the information above, the element that emits the lowest energy photon of visible light is

Low¥ . =
@) Sstrontium H'jk; €= h¢
b. Barium )ZMIIOXG
c. Copper
d. Sodium o6 By

Low & H"Sl‘ 3
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Use the following information to answer Q18:

Chlorophyllin plants absorbs photon energy of electromagnetic radiation and converts them into
chemical potential energy. Chlorophyll a is one of the main types of chlorophyill. The graph below
shows the relationship between the absorption of photons by chlorophyll a and the wavelength

of the photons striking the plants.

Absorption Rate as a Function of Incident Wavelength

Chlorophyll @

Rate of photon
absorption

\

1 ] ; L] T (2 640
400 500 600 o 700
Wavelength (nmn)

Q18: To produce the maximum rate of photon absorption by chlorophyll a, photons should have an

energy of
a. 1.77ev E=bc (‘/./"[mo"s)[&Ox/Oa)
@ 188ev A ( 660%10°%)
ety E> /.8618.. eV

d. 3.40eV
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L13 — X-Ray Production

Use the following information to answer Q19-Q20:

Heated filament Electrons are accelerated
thermionic emission

B r il e
> e Copper rad for
s higat dissipation
e ]

Glass envelope

% x-rays produced when
high speed electrons
% % hit the metal target.

X-Rays for medical diagnostic procedures or for research purposes are produced in a standard way: by
accelerating electrons with a high voltage and allowing them to collide with a metal target. X-Rays are
produced when the electrons are suddenly decelerated upon collision with the metal target.

Q19: Which Physics Principle(s) is/are needed to describe the above phenomena?

(Record your four digit answer in the Numerical Response boxes below)

S Cvosuvetico of Ervy
q- l,g)avc-Pa:h‘.c(L C\uc-’i‘j

5[4

Q20: If the emitted X-Rays have a frequency of 3.2 x 10*® Hz, how fast did the electrons strike the metal

target?
Ep —> Ee - E‘)hbn

a) 1.33x10°m/s
2ew? > hf

b) 3.41x10°m/s

(P 6.82x10°m/s 20000 v? = (663072 )(3.2x16')

d) 1.71x10%m/s
j / v: 6.82xi10%w~y
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Use the following information to answer Q21:

X-rays were discovered in 1895 by Roentgen. In the cathode ray tube that he used, a high electrical
potential difference between the anode and the cathode accelerated the electrons. The electrons
then collided with a copper target.

Three Types of Energy
1 electrical potential energy
2 electromagnetic energy
3 kinetic energy

Q21: In the production of X-rays, the three types of energy listed above occur in order from ___to i
to

(Record your four digit answer in the Numerical Response boxes below) ep Eic
Ofa i
L] 3|2 .{r(
E'P [N

Q22: The minimum accelerating voltage necessary to produce an X-ray with a wavelength of 6.25 x 10"
m, expressed in scientific notation, is a.bc x 107 V. The values of a, b, c,anddare

—_ s and__

(Record your four digit answer in the Numerical Response boxes below)

1 [a] 4]+ Ep = ki = Ephho

. 48— he
:G}‘ A V

oﬁ/ 3, ,
\]\ >

(}e)[Av) = (H1yo "S)[S’.O;c/oe) (1662157 5 ) - (6.63x16 > )(3%cc

(6.25%i> ") ( 25<0™")

AV > 19872 v AV 14 pac v

o 4
X I.qo’XIO \/ ~ ]_CIO}KIO—I\/
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L148&15 — Photoelectric Effect 1&2

Use the following information to answer Q23:

Light of varying frequency is incident on a photoelectron emitting surface. Maverick Wilford has
attempted to plot out the relationship between the two, but Mr. Bayer is still upset about Maverick
trying to feed him cookies with the consistency of particle board, so Mr. Bayer vindictively draws
additional lines on Maverick’s graph to confuse him.
Calculating Plank’s Constant
~20
+ cige . 10007 . pgaxg >
A B M* (vwo 150’ -
10.0 ~t—- g : 7
+ wff b -+ 4 8 - 4 :
el B m | 1| { by
§ ‘g T 4 ) 4- ?‘ i ‘
3 . | o + + +- + 1
7.5 ~1 =i At B B2 B = |
& [t i ‘ T T T C
< i :
o~ R 4 ¢ +
|O 4 o + + ¥
i | IR : sy & F
Sf/ 5.0 = Il .; e Il 5 e I o b
b~ — I Y - 1 | B |
g ' | e et + t - 1
g .; - 4 + + + Q\- +
® S et s e {- i £ ) 1'\“ 4
uy 25 ettt -4
S e f + D
I R I 1 il
! L M* cvo 3xi0"
0.6 ———— 2 . N
= 5. 83 ug 25
0 1 2 3 4
f (x10** Hz)
Q23: In the above graph, which of the following lines best shows the relationship between the incident
light frequency and the kinetic energy of the emitted photoelectrons?
. i
a) LineA L
Line B N Blope Shout A”be
c) LineC < 6.63%1072" 37
d) LlineD = £ Chade "9(orw_5 of B end .
4o
L
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Q24: The energy that is required to remove the electron from the photoelectric surface in the
phototube is called the

() Work function
b. Threshold frequency
c. Electric potential energy
d. Maximum kinetic energy

Q25: In one second, 1.45 x 10*° photons are incident on the phototube. If each of the photons has a
frequency greater than the threshold frequency, then the maximum current to the amplifier, expressed

in scientific notation, is a.bc x 107 A. The values of a, b,c,and d are ! ; ,and

(Record your four digit answer in the Numerical Response boxes below)

16

z2l3]zl3 245 %10 /))\v}ms ejeck [ Y5®O0 elckoos
- ,TZ_—_ i @Smo’(")()l_éomo"o‘) . £.00232 A
[}
= 2.32x072 4

Q26: If the stopping potential of a photocell is 5.60 V,t hen the maximum kinetic energy of the
photoelectrons emitted is

3.50 x 10°J Elpnax = 9 Vsip " QEP)
a. DU X
b. 5.60) Elgpax = (180107 ) 5 .60)

(©) 8.96x10™) : R.9% x0o 1y
d. 2.90x10%)

Q27: If a metal with a threshold frequency of 1.1 x 10 Hz is illuminated by light with a wavelength of
1.70 x 10”7 m, then the maximum kinetic energy of the emitted photoelectrons will be

‘ 4.4x10™) {/(E(""‘“ Eph.xm - W+ Eg

7.3x10% he ~

> hf, + E

c. 1.2x10%) w @ x 2 e
d. 1.5x10%)

(663000 (B108) _ (263002 (11210%) s g,
(). 30x0™ %)

= 963 w07
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L16 — Compton Effect

Use the following information to answer Q28 and Q29:

An x-ray of frequency 4.2 x 10" Hz is incident on an electron, as shown below.

c=fA "
(3.0mo0t) = (1.2x10%) 2 Electron
Az FM285F 107 ~
X-ray Photon %

ANNAN /\ !/\‘z ;f\ & s y

wl;\ifi L ft \1_,* e o

et

Scattered
Photon

Q28: If the wavelength of the scattered photon is 7.18 x 10™ m, what angle was it scattered at? (2 marks)

(Write your 3-digit numerical response answer in the boxes below)

32 AN = M- N

. o] | > RBr1o™" - 2. 19285% xi0”"
34285 x0B

A= —‘:qb"(l-toj o)

P - cos@: -0.24639.
Cos®@ = +0.84689..
©- 3212°

3 19Y28S %10 (‘ §3%102 ) (/'Coa 9)
(2.11x1072)( 30

(I-030) = 6.5 3109,

Q29: The momentum of the incident photon is:

a) 9.234 x 10 Newton Seconds (Ns) LTS aeE
b) 9.234 x 10* Joule Second:s (Js) P A FII2ESHY . xy ey

@ 9.282 x 10 Newton Seconds (Ns)
d) 9.282 x 10* Joule Seconds (Js) = 9.282xi07% M
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Challenge Question

Use the following information to answer Q30:

A & &
o N
X~

"’ Q ‘\\\\

?\

Photon #1 is in the ultraviolet spectrum, and has an energy of 6.21 eV. It strikes a polycrystalline
silver target, Plate A, which has a work function of 4.26 eV. An ejected electron then travels
horizontally, striking Plate B, which in turn generates Photon #2.

&
SRy
NS
S
| |
'I
245V
Q30: The energy of Photon #2 is eVv.
(Record your three digit answer in the Numerical Response boxes below)
2|7
b el EfSect
fh £k X-@ey  Prodockoo (Coas. oS £)
AE=C — —_——-'-'-f——______*
Eph = W o+ e (R
6-2lev > H26eV + % EK"'E() = tho,)m
Ex = 195 eV [.95eV +

ANV > EP)‘Io"vO
). 25eV + (le)(245v) - Ep heteo
1A5eV + 2MBev o Ef,kmﬂ

296956V > bk
Ephsbo =~ 247ev



