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REVIEW

In practice QTextbook,p.Ztom

Review |1
Waves

@ Texthook, p. 4

1. a) True
b) False
c) True
d) False. Mechanical waves cannot.

@ Textbook, p. 5

2. Given that from A to C, there are two cycles, two
complete cycles will have been covered at point C
(according to the legend in Figure 3). Therefore

2cycles
f= 0s 0.2 cycle/s = 0.2 Hz.
Q Textbook, p. 7

3. |g|=5%x107C r=10cm=010m
k=9%10°NmyCt E=?
9% 10:NX M o 5% 107¢C
klg| C

E="7= (0.10 m)?

=45 X 105N/C

Review |H
Properties of light

@ Textbook, p. 9

4. Ifthe angle between an incident ray and the surface
of a plane mirror is 30°, this means that the angle of
incidence is 6, = 90°-30° = 60°.

According to the second law of reflection, the angle
of reflection is equal to the angle of incidence.
Therefore, 6, = 6 = 60°. The angle of reflection is
equal to 60°.

Reproduction permitted © Cheneliére Education Inc.

Review [E]
Force and motion
@ Textbook, p. 12
"5, v=8m/s d=60m At=7?
_d =z_i: 60m _
v= At:>At " 8 m/s 15s

6. a) d=50m At=13s v =7
d 50m

Vave=1—t=ﬁs—=3.8m/8
b) d=255m At=90s v, =7
_d_2%m _
Ve = A7~ 90 28m/s
¢) d=300km At=2h55min=292h v, =?
_d _ 300km _
w = At~ 202h 0ok
7. d=210km At=2h15min=225h v, =?
_d _ 210km _
al v, = Ar= 225h 93.3 km/h
_gnakm  1000m _1h _
b) v, =937 =X = T X s 259m/s
{3 Textoook, p. 13

8. m=410kg F =7

g

F,= mg= 410 kg X 9.80 m/s? = 4.02 X 10° N

@ Textbook, p. 15

9. F=50N 0=37° F,.=7?
FS”=Fc030=50N><cos37°=40N

10. F=20N 6=22° F.=7
Feﬁ=Fcose=20N><00322°=19N
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. b) At a height of 25 m above the foot of the cliff,
Review [ .
E - h=25m = hcorresponds to half of the initial
nergy height, therefore the gravitational potential ener-
{3 Textbook, p. 16 gy is equal to half of the initial gravitational
, potential energy. The lost gravitational potential
M. F=20N d=4m W=? energy has been transformed into kinetic ener-

gy. The kinetic energy and the gravitational

W=Fd=20NX4m=280J ;
potential energy are therefore equal.

12 F=100N d=5m AE=? (5 Texbook,p. 1
W= Fd= 100N X 5m = 500 J
AE= W="500J 16. E=1.08MJ=1.08 X100J Af=5h=18X10's
P=1? 4
E_ 1.08X10°
Textbook, p. 17 _ £ _108X10°0J _
(o Toxtook ¢ P=at= T8 x0s — oW
1B. m=05kg v=2m/s E =7 17. P=348W At=2h=72X10°s E=?
Ek:%mvzzgxof,kgX(Zm/s)zzu E= PAt=348W X 7.2 X 10°s = 25 X 10°J

=25MJ
14. m=100kg h=10m Epg=?

18. P=966W Aft=4min=24X10s E=7?
Epgz mgh=100kg X 9.80 m/s? X 10m = 9.80 X 103 J I

E= PAt=965W X 24 X 102s =23 X 105J

@ Textbook, p. 18 = 0.23 MJ
15. Reference level chosen for the gravitational poten- 19 P=875W At=10min =600s E=7?
tial energy: the foot of the cliff. Therefore, at the E= PAt=875W X 600s = 5.3 % 10°J = 0.53 MJ

start of the fall, h = 50 m; at the end of the fall, h = 0.
1

E= 3 mv? E,= mgh

a) Atthe start of the fall (at the top of the cliff),

v=0 = E = 0, therefore the kinetic energy
is zero.

h =50 m = his at a maximum, therefore the
gravitational potential energy is at a maximum.
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GEOMETRIC
OPTICS

Chapter [l]l Waves @ rowocnmos

" PRACTICE MAKES PERFECT

Section 1.1
Characteristics of waves

@ Textbook, p. 28

1. T= Total time __300s _ 0.00800's

Number of cycles 375
Number of cycles 375

— = = -1
f Total time 3005 12587 or125Hz
2, f=200Hz v=540m/s \N=7?
S L _v_540m/s _
v=N=\= F T 200s 2.70m
3, f=440Hz v=350m/s A=7
_ _v_350ms _ -
v=N= A= F T M0 0.795m = 79.5cm
4 2 f= Number of cycles _ 4800 _ 4800 1 min
) Total time Tmin 1min" 60s
f=280s"=80Hz
_1__1 _
b) T= = 80s 0.013s
5. a) According to the graph, the amplitude (A) is equal
to 0.5 cm.
b) According to the graph, 3.5 cycles cover a length
of 22 cm.
Total length 22 cm

=6.3cm

- Number of cycles ~ 35
‘¢) Ff=20Hz=20s' A=63cm=0.063m v=7?
v=A=0063m X 20s'=1.3m/s

6. a) All of the waves have a sinusoidal shape.
b) Wave E.
c) T.<T,<T,<T,;<T,
d) Since the frequency (f) is related to the period (T)
according to the formula f= 1/7, the wave with the

biggest period has the smallest frequency. As such,
wave A has the smallest frequency.

e) f<fy<f,<f<f,

2. For all questions, f=

Section 1.2
Light waves

@ Textbook, p. 35

1. For all questions, T= Total time

Number of cycles

75 min _ 5 min x 895 — 45 % 1095

5 I 1 min
S

a) T=

6.7
b) T="39 =067s
1 min

60 s

c) T=

1000 in =0.06s

b7s

58 =084s

d) T=

Number of cycles

a) f=—@=60s1 soTﬁ;alﬁme
205
b) f= g)oo 205" = 20 Hz
¢/ Totaltime = 12h = 12h X 361023 43 X 10%
f=%=ﬁ 0.0093 5" = 0.0093 Hz
d) f—4685 = 14s'=14Hz
3. a) leremzz.n10-4s-1=2.2><10-4Hz
b) f=17_=0'617s—153‘—1.5Hz
¢) f=17_=0.016 = 17s'=17Hz
d) leT:0_814S=12s1=‘1.2Hz
4. a) r:lf=6—018—_,=0.017s
b) T=1— o= 00s0s
c) T=lf:m;Ts,—1=1oss=1.8min
g T=1=i5=07ts
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5. a) Infrared radiation is located toward the lower
frequencies.

b) Ultraviolet radiation is located toward the higher
frequencies.

6. d = circumference = 2nR = 2m X 6400 km
d=4.021 X 10°km
v=1c¢=23.00X10m/s = 3.00 X 105 km/s

At=1
d_ 4021 X 10*km

d=vX At=>At=;—3.00>< 0 km/s=0.134s
7. d=150 % 10°km
v=¢=3.00 X 108 m/s = 3.00 X 10° km/s
At=17 .
6
d=vx At;sAtzilf:%:moS
d = 8.33 min

8. f=95.1MHz =95.1 X 108 Hz = 9.51 X 107 s"
v=c¢=3.00 X 10*m/s

A =72
V=X o\ =L o 300X 10°m/s

FT 95T X 10t oM

9. a) The region of umbra is in Area C (no light rays
appear in this area).

The regions of penumbra are in areas B and D
(these regions receive light rays coming from
part of the source but not from all its points).

b) If the light source were a point source, there
would not be any regions of penumbra, only a
clearly.delimited region of umbra (the region of
umbra would be comprised of Area C and parts
of areas B and D).

10. During hot weather, it is preferable to wear white
clothing. White clothes appear to be white because
they reflect all the colours in the visible light spec-
trum. They absorb very little light. Black clothes, on
the other hand, strongly absorb all colours and
reflect very little light. The absorbed light rays
increase the temperature of black clothing.

n QUANTUM Physics  Chapter 1  Practice makes perfect — Answer key

Chapter1
Waves

@ Textbook, p. 40

B 1.f=2MHz=2X108Hz=2 X 10°s"
v=15km/s=1500m/s A =7

a v=\XTf
1
=_‘;=Zf<°—20”s‘/-s—s_;=7.5><10-4m=0.75mm

b) Since ultrasounds are mechanical waves, their
velocity depends on the medium in which they
travel. This means that the velocity of ultra-
sounds moving through air is different from their
velocity when they move through heart tissue.

é® 2 v

sound

d=v

sound

= 1.3km

=330m/s At=40s d=7?
X At=330m/s X 40s =13 X 10°m

€ 3. a) According to Table 1 on page 31, this frequen-
cy corresponds to the colour yellow.

b) F=52X10"Hz=52x%x10"s"' T=7?
11 1
T= f_5.2><10“s"_1'9><10 S

c) ltis possible to calculate its wavelength since
we know that the speed of light in air is rough-
ly equal
¢ = 3.00 X 10%m/s.

8
V=X fos \ =2 = 300X 100 m/s

f 52X10%s!
i

A =58 107m X - = 580 nm
10°m

d) Ifthis light wave reaches a shimmering surface,
it will be reflected, meaning it will be sent back
to the medium it came from.

B 4. The electromagnetic spectrum includes all the
wave types comprised in an electric field and a
magnetic field. Sound waves are mechanical
waves that require a medium in which to travel.
They are not comprised of a combination of two—
magnetic and electric—fields. This is why sound
waves do not figure in the electromagnetic
spectrum.

Reproduction permitted © Cheneli¢re Education Inc.



¥ 5. a) Awave's period (T) corresponds to the time
required for the wave to complete a cycle.
According to the graph, T=4 X 1.25s =5.00s.

S 0.200 s = 0.200 Hz

_1
b) f= T 500s

c¢) ltis not possible to determine the wavelength
(\). To do so would require the wave's velocity

to be specified in the statement or the provi-
sion of a diagram of the wave.

d) According to the graph, A =2 cm.
2w _ 2w — 126

w=—=

T 500s
Therefore: y(t) = 2 X sin (1.26 t)

In this equation, the units y and fare centimetres
(cm) and seconds (s), respectively.

chapter|Fd Reflection of L|ght s e

PRACTICE MAKES PERFECT

Section 2.1
Types of reflection

@ Textbook, p. 43

1. Specular reflection occurs on a smooth surface;
parallel incident rays retain their parallel motion
once reflected. Diffuse reflection occurs on rough
surfaces; parallel incident rays are reflected in different
directions.

2. Polishing a floor diminishes surface irregularities.
The reflection, short of being completely specular,
becomes less diffuse. Reflections on the unpolished
sections remain diffuse and the floor stays matte.

3. The outer layer of glossy paper reflects a large part
of incident light. The reflection is “fairly specular.”
If the light source, the paper and the eyes are
positioned in such a way that the reflected beam
is essentially directed toward the eyes, reading will
be very difficult. In fact, the quantity of reflected light
may dazzle the reading person or, at the very least,
make it difficult to distinguish the light reflected by
the printed pigments (characters, images) from the
light reflected by the glossy paper.

Incident light that falls on matte paper is diffused in
~ all directions, reducing the chances that the eyes
receive excessive light.

4. Alake’s surface is not smooth; reflections on its

surface are not specular. Moreover, since the
surface is constantly in motion, any images are
rendered unstable.

Reproduction permitted © Cheneliére Education Inc.

5. a) Diffuse reflection.
b) (Almost) specular reflection.
c) Diffuse reflection.
d) (Almost) specular reflection.

e) Specular reflection.

6. a) The wavelength of green light (550 nm) is clearly

greater than the size of surface irregularities
(50 nm), making this a specular reflection.

b) The wavelength of green light (550 nm) is smaliler
than the size of surface irregularities (2 ym or
2000 nm), making this a diffuse reflection.

Section 2.2
Geometry of reflection

@ Textbook, p. 45

QUANTUM Physics ® Chapter 2  Practice makes perfect — Answer key n



3. a) 6=30°

b) 6, =90°—30° = 60°

c) 6/ =30°+20° = 50°

d o =90°— 50° = 40°
Section 2.3

Reflection on a plane mirror:
laws of reflection

@ Textbook, p. 47

1. 6+6=60 6=7

According to the second law of reflection, 6, = 6.
It follows that 26, = 60° and therefore that 6, = 30°.

2. 6=20°

al =1

According to the second law of reflection, 6. = 20°

b) 6. =90°— 20° = 70°

mirror

3. 6.=90°—40°=50° therefore 6 = 6, = 50°

The ray reflects back on itself (the reflected ray
merges with the incident ray) since the angle of

incidence is zero and therefore the angle of reflection

is zero as well.

6. The answer varies depending on how the normal and

the incident ray are drawn.

If the rotation of the mirror causes the normal to
move away from the incident ray, the new angle of
incidence becomes 6, = 6, + 6’ and therefore the
angle of reflection will be 6, = 6. + 6.

n QUANTUM Physics ® Chapter 2  Practice makes perfect — Answer key

If the rotation of the mirror causes the normal to

move closer to the incident ray, the new angle of
incidence becomes 6, = 6 — 6’ (assuming that

0 < 9;) and therefore the angle of reflection will
bedo,=06—10".

0.

Let us assume 6 to be the angle between mirror M1
and the incident ray. The angle of incidence is equal
to 90° — 6.

M1

With each reflection, the reflected ray’s direction
obeys the second law of reflection. The ray
reflected by M2 is at angle 6 to a normal that is
parallel to mirror M1. Since the incident ray is also
at angle 0 of mirror M1, the incident ray and the
reflected ray are parallel.

. With each reflection, the reflected ray’s direction

obeys the second law of reflection. This way, if the
incident ray is perpendicular to one of the mirrors, it
reflects back on itself and returns back to where it
came from.

If the incident ray is parallel to one of the three
mirrors, the ray can reflect in two mirrors in
succession. As question 7 demonstrates, the ray

Reproduction permitted © Cheneliére Education Inc.
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returns toward its origin on a path parallel to the
incident ray. In this case, the plane of incidence is
perpendicular to the two mirrors.

Generally speaking, which is to say in any plane of
incidence, a light ray undergoes three reflections,
as indicated in the following figure.

A Incident ray

/ Reflected ray

y

\ f—————-

Configuration of light rays in generalized three-dimensional cases

The reflected ray after the third reflection is parallel
to the incident ray. '

As such, in a retroreflector with cube corners, the
reflected ray is always parallel to the incident ray,
regardless of the direction of incidence.

Section 2.4
Reflection on spherical mirrors

@ Textbook, p. 54

1. 1:Principal axis 2: Centre of curvature (C)
3: Focal point (F) 4: Vertex (V) 5: Concave mirror
(or converging mirror)

2. Aspoon’s interior is a concave (however not truly
spherical) mirror, and its exterior is a convex mirror.

3. Letus assume #to be the angle between the incident
ray and the principal axis. The angle of reflection is
also equal to 6. Therefore, the angle between the
incident ray and the reflected ray is equal to 26.

4, f=20cm R=1?
R=2f=2X20cm=40cm

5. With a parabolic mirror, all incident rays parallel to the
principal axis after reflection converge exactly on the

Reproduction permitted © Cheneliére Education Inc.
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same point: the focal point. With a spherical mirror,
the reflected rays do not converge exactly on the
same point, and the focal point is less well defined.

6. Since the incident ray is parallel to the principal axis,
it passes through the focal point after reflection.
Since R=30cm, f= ’—2?= 3020m

The reflected ray will cross the principal axis 15 cm

from the mirror’s vertex.

=15¢cm.

7. A: The reflected ray passes through C (third princi-
pal ray).
B: The reflected ray passes through F (first principal
ray).

C: The reflected ray is parallel to the principal axis
(second principal ray).

D: The reflected ray passes through F (first principal
ray).

9. A: The reflected ray is parallel to the principal axis
(second principal ray).

B: The travelling reflected ray is directed at F (first
principal ray).

C: The travelling reflected ray is directed at C (third
principal ray). As such, the ray is reflected back
on itself.

D: The travelling reflected ray is directed at F (first
principal ray).

Section 2.5
Images

@ Textbook, p. 70

1. d =50m h =1
h=40cm =0.040m

di=20cm=0.20m

-hi_di _ _hido
h—o—d0=>h0di—hidu:>ho— d
_0040m X 50m _
h=""020m 10m




. h0=30m = 3000 cm
h 1.5cm

~h, 3000 cm

h=15cm g="1

= 50X 10¢

. The image is virtual (it is necessary to look in the
mirror to see it), upright and is the same height as
the object.

. 4am,;3:30 a.m.; 6 p.m. (or 6 a.m.).

. The orientation of the image. The word “AMBULANCE”
is written from right to left on the hood of the ambulance
(frontal view) so that it can be read by someone looking
at the image of the ambulance in the rear-view mirror
of a car. Since the image provided in a rear-view mirror
(plane mirror} is upright, the letter “A,” located on the
ambulance’s left side, appears to be located on the left
in the image so that the word can be read normally from
left to right.

. 0=160° N=7

360° °
RN

o] 1= 60,,)—1=6—1=5

. We know that:

— the focal pointis located on the principal axis;

— anincident ray that is parallel to the principal
axis (first principal ray) is reflected toward the
focal point or in a direction originating from
the focal point.

Draw these rays or their extensions and determine the

point where the reflected ray intersects the principal

axis. This point of intersection is the focal point.

Note that an incident ray originating from the tip
of the object, after reflection, passes through the
corresponding point at the tip of the image.

0

E

-
Lantl

n QUANTUM Physics e Chapter 2  Practice makes perfect— Answer key

f=-60.0cm d, =6m=600cm h=15m
d="1 h =17
1 1 1
_=__|__._
fod q
1+ __ 1 1
d f d -600cm 600 cm
1_ -0 1 __ -
d  600cm 600cm 600 cm
d= Goﬂfm = 55 ¢m

h_d_ _ hd
R
hA:_1.5m><(-55cm)=14cm

! 6m

Since d < 0, the image is virtual, and since A > 0, the
image is upright.

. The rear-view mirror is convex therefore f= -50 cm

IM[=010 d=? d=1

First the magnification sign needs to be determined.
In the case of a convex mirror, the image is always
upright {see Table 4 on page 61) and therefore

M= +0.10.

m=D_ 8 010 d=-010xd
Th g T AT
1

1 1 1 1
—_——= —_ =_+___
A T

The two equations above constitute a system of
two equations with two unknowns, d, and d, which
need to be solved by one of the usual methods. For
example, d in the term on the right in the second
equation could be replaced with the expression

of d provided in the first equation:

1.1 1 1 010 1

g, -010q 4 0104, 0.10d,  0.10d

0

1
+di_

le—‘

Reproduction permitted © Cheneliére Education Inc.

N



10.

_]_+J._: -0.30 ﬁ
d " d 010d d

d =-9Xx(-50cm)=450cm=45m
and
d=-010Xd =-010x45m = -0.45m = -45 cm

Since d <0, the image is virtual, which is consistent
with the fact that the mirror is convex and the driver
sees herimage in the mirror.

Object: tooth
f=+20mm

d =15mm
M="1

d
Since M = -—, d must be determined in order to
deduce M. o

1 1 1

]

1 1 1 1 1
d f d 20mm 15mm
_ 3 B 4 1
“60mm 60mm 60 mm
d, = -60 mm

The image is virtual as the object (the tooth) is loca-

_ ted between the focal point and the mirror. The den-

1.

Reproduction permitted © Cheneliére Education Inc.

tist can see the tooth by looking into the mirror.

d  (-60 cm)
M= = 15mm

4]

+4.0
Since M > 0, the image is upright.

Object: person d=2m R=?

If the image is three times larger than the object, the
mirror must be concave, seeing how convex mirrors
always provide a (virtual) image that is smaller than

the object (see Table 4 on page 61).

Since M and do, are known, we can deduce di, and
then fand R:

d
M= =d=-Mxd=3x2m=-6m

[}

1

1_1.1
fd d

o

2
6m

_ 1. _ 3,1
_2m+-6m 6m+6m

12,

11
1_ 1 3
fo3m o °m

R=2f=2X3m=6m

Since the radius of curvature is positive, the mirror
is in fact concave.

The person would see an image that is real and
inverted. In this case, the solution is:

M=-3

d
f=15m

-d
M=—=d=-MXxd =-(-3)X2m=+6m

"R=3m

The ornament constitutes a convex mirror.
Diameter =8cm=|R =4cm=|f]=2cm

Since the mirroris convex, R<<0and < 0 according to
sign convention, and therefore f= -2 cm.

The image is reduced by half. Since the mirror
is convex, the image is upright (see Table 4 on
page 61). Therefore, we write M = +0.5.

1 -
f d d f -2cm d d

The two equations above constitute a system of

two equations with two unknowns, d_ and d. We can
replace d in the term on the right in the second
equation by the expression of d provided in the
first equation:

1 n 1 1 " 1

_1_ 1 _05 1
d ' -05d, d

05d, 0.5d, 054,

1 T _ -1 . i _
d:>-2cm d0=>do 1X(-2cm)=2cm

0 1

Chapter 2
Reflection of Light

@ Textbook, p. 76

QUANTUM Physics ® Chapter 2 e Practice makes perfect — Answer key n

1. Let us assume B to be the angle between the
reflected ray and the plane mirror.

B =90° — 6 and since 6, = 0, therefore
B =90° — 6 and 6, = 90° — B.




B 2. a) Ifthe centre of curvature is moved farther away,
R
both Rand fincrease since f= 7
b) It becomes infinite.

c¢) A plane mirror.

B 3. a) M1:plane mirror; M2: convex (or diverging) mirror.

b) Since the angle of incidence is equal to the angle
of reflection, the ray reflected by mirror M2 will pass
through point B.

B 4. Mirror M1 shows an erroneous reflection: the
angle of incidence (6) is not equal to the angle of
reflection (6).

B 5. Using the second law of reflection, we discover
that the ray reaches mirror M2 after it is reflected
by mirrors M4 and M5.

B 6. Since virtual images form behind plane mirrors,
mirrors give the impression that there is something
behind them, thereby making the room appear
larger.

& 1. Firstof all, when the person is beyond the centre of
curvature, the image is real, inverted, smaller than
the person, and between the centre and focal point.

When the person is at the centre of curvature, the
image is real, inverted, the same size as the person,
and at point C.

When the person is between the centre of curvature
and the focal point, the image is real, inverted, larger
than the person, and beyond the centre of curvature.

When the person is at the focal point, there is no
image (or the image is infinite—which amounts to
the same thing).

When the person is between the focal point and
the mirror, the image is virtual, upright, larger than
the person, behind the mirror, and farther away
from the mirror than the person.

€ 8. The person’s face is at (or near) the spoon’s focal

point.

¢ 9. f=-20cm d=5cm h=25cm d=? h

=1
1T_1.1
A
rt_r_1r_ 1 1
d f d -20cm 50 cm
52
T 100cm  100cm ~ 100 cm
-1
g="2" = 14cm
M_hi__di |
—hO_dO
b= dh, _ (-14cm) (25 cm)
i d N 50 cm
M=+70cm

Since d <0and h > 0, the image is virtual and
upright (and smaller than the object), as is usually
the case with convex mirrors.

chapter[E] Refraction of nght D oxtonk 770

.~ PRACTICE MAKES PERFECT

Section 3.2
Index of refraction

@ Textbook, p. 81

1. v=250 %108 m/s

c 300 x 10®°m/s
== 120
v 250 x 10° m/s

¢ =3.00X%10°m/s n="?

“ QUANTUM Physics e Chapter 3 e Practice makes perfect — Answer key

2 ¢ =3.00X10*m/s v=7

~3.00 x 10° m/s

= 1.56 x 10° m/s
1.92

3 v.=c=300xX10m/s

air

= 1.56 X 10° m/s (see question 2)

ZII'COH

Reproduction permitted © Cheneliére Education Inc.
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Av="?
Av=vy, —v, =300X 108 m/s — 1.56 X 108 m/s

Av =144 X 10 m/s

4 c= 3.00‘>< 108 m/s n= 150 (glass) v=7"
C
n=—
v
8
y= € 800X 10°ms )00 o 108 mss
n 1.50
5. Quarz:d=100m =15 v=7 At=?
Cc
n=—
v
8
yo & 23000 ar 108 mys
n 1.55
d=v x At
d 1.00m
Ar=2 o M 545410°
v T 190 x 10° m/s 1008

6. The relative index of refraction is equal to the ratio

between the indices of refraction of two transparent

media:

If the value of n, is lower than that of n,, meaning
if the ray passes from a more refractive to a less

refractive medium, the ratio y is less than 1.

n,

7. The higher a medium’s index of refraction (n), the
greater its refractivity. As such, the least refractive
medium is the one with the lowest index of
refraction: medium B.

Section 3.3
Geometry of refraction

{3 Texthook, p. 83

1. a) Given thatthe angle of refraction is smaller than
the angle of incidence, the index of refraction of

medium 2 is higher than that of medium 1 (n, > n,).
b) The higher a medium’s index of refraction (n) the

greater its refractivity. Therefore, medium 2 is
more refractive.
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=133

As such, n, < n;: water is less refractive than glass.
It follows that the refracted ray bends away from the
normal and that the angle of refraction (6,) is greater
than the angle of incidence ().

n=n =150 et n,=n

glass water

By definition, the relative index of refraction is written:

1
. n
Ifitis less than 1, we have;z< 1= n,<n,

This means that medium 2 s less refractive than
medium 1. It follows that the refracted ray bends
away from the normal and therefore that the
angle of refraction (6;) is greater than the angle
of incidence (6,).

Section 3.4
Laws of refraction

@ Textbook, p. 86

1.

5.

a) 0.50 b) 0.87 c) 0.71 d) 0.218
e) 0.963 f) 0 g) 1.0 h) 0.34
a) 6= sin™(0.342) = 20.0° b) 40.0°
c) 44.4° d) 19.5° e) 90.0°
6, = 60° = 1.00(air)  6,=7?
n, = 2.42 (diamond)
n, sin 6, = n, sin 6,
. nsin 6 1.00 x sin 60°

= L= = 0.36
o= 2.2
6, = sin” (0.36) = 21°
0=? n=100(air) 6 =45 n,=130
n, sin 6, = n, sin 6,
sin 6, = n, sin 6, _ 1.30 x sin 45 — 092

n, 1.00

6, = sin" (0.92) = 67°
0, = 50° n, = 1.00 (air) 6, = 40° n,="1
n, sin 6, = n, sin 6,
n,= msin6 _ 1.00 % sin 50° _ 12

sin 6, sin 40°
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6. The objective of this exercise is to determine 9. Ineach case, 0, n, (n, = 1.00) and 6, are provided. We

whether the refracted ray bends toward or away can determine n, using the second law of refraction:
from the normal. : 6 — nsing o sin 6,

1 i 2 R 2 H
a) b) [ sin 6,

a) 6 =40° n =100 6 =30°=>n=13
b) 6, =30° n =100 6,=12°=n,=24
¢) 6.=71° n =100 6,=50°=n,=13

Air

10. Viewed from above, the aquarium (assumed to have
parallel sides) appears as in the following diagram.

Air

7. 6=30° n=100(air) 6,=? Air — glass interface: 6, = 20° n, = 1.00

= 7 =
For each of the media, n, is provided. We can Op =7 m =150

determine 6, using the second law of refraction: m sin 6, =, sin 6,
. . . n, sin 6, . n, sin 8, 1.00sin 20°
nsn@ = n,sin6, = sing,=-"1—-= sin 6, = — 0= = 0.228
) SIN G; , SIN by = SIN Gy n i Gy n, 150
a) sin 6, = 0.38 = 0, = sin"' (0.38) = 22° O =132°
b) sin 6, = 0.21=> 6, =sin"' (0.21) = 12° Glass — water interface: 6, =7 n, = 1.50

0.,="7 =133
¢) sin 6, =037 = 6, = sin"' (0.37) = 22° R &

d) sin 6, = 0.26 = 6, = sin" (0.26) = 15° Since the air-glass and glass-water interfaces are

parallel, angles 6, and 0, are alternate interior

angles. As such, 6, =6, = 13.2°.
8 0=7 6, =10°

n, sin 8, = n, sin 6,

In each case, n, and n, are provided. We can . ) ‘
n sin @, 1.50sin 13.2°

determine 6, using the second law of refraction: sin 6, = =0.258
n 1.33
. o : n, sin 2
n, sin 6, = n, sin 6; = sin 6, = % 6, = 14.9°
a) n =242 n,=100= sin6 = 0.072 When the ray passes from glass to water (a less
i (0.072) = 4.1° ' refractive medium than glass), it bends away from
= 6,=sin" {0.072) = 4. the normal.
b) n =100 n,=242= sin6, = 0420 Water — glass interface: 6, = 14.9° n, = 1.33
= 6,= sin™' (0.420) = 25° O =7 n,=150
¢) n,=100 n,=133= sing =0.231 n, sin 6, = n, sin G;,
= 0.= sin"' (0.231) = 13° | in@, 1.33sin14.9°
, sin 6, = n, sin 6, _ 1.33sin 14.9 — 0228
d) n,=133 n,=242= sing, = 0316 n, 1.50
= 0,= sin (0.316) = 18° Opy =13.2°

n QUANTUM Physics e Chapter 3  Practice makes perfect — Answer key Reproduction permitted © Cheneliére Education Inc.



Glass — air interface: 6, = 13.2° n, = 1.50
6,=? n,=1.00

n, sin 8, = n, sin 6,

n, sin 6, 150 sin 13.2°

=0.343
n, 1.00

sin 6, =

By, = 20°

The emerging ray travels in a direction parallel
to that of the incident ray (however with a slight
refraction).

11. v=267X108m/s ¢=3.00x108m/s n="7?
¢ _300x10°m/s _
v 267 x108m/s

This index of refraction is lower than that of water
(n=1.33).

1.12

12. Aray of light passing from air is refracted at the
water’s surface and reaches the diver's eyes.

6=? n=100 6,=25 n,=133
n, sin 6, = n, sin 6,

=0.56

sin @, = n,sin 6, _ 1.33 x sin 25
n, 1.00

6, = 34°

13. 6=30° n =133 6,=7 n,=100
n, sin 6, = n, sin 6,

nsin 6, 1.33sin 30°
n, 100

= 0.67

sin 6, =

0, = 42°

Section 3.5
Total internal reflection

@ Textbook, p. 88

1. Medium1:glass n, =150 Medium2:air n,=1.00

The critical angle corresponds to the angle of
incidence when the-angle of refraction is 90°:

n, sin 6, = n, sin 6; = n, sin 90° = n,

sing, = — 10 _ o667
| n 150
6, = 41.8°
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2. Medium1: 0, = 405° n = ?

Medium 2: air 6, = 90° n,=1.00
nsin 6, = n,sin 90° = n,

p M 100
" sing, sin405°

=1.54

. Total internal reflection can only occur if light passes

from one medium to another medium with a lower
index of refraction. In an aquarium, total internal
reflection can occur when light passes from glass
to water (but not from water to glass).

. This phenomenon occurs as a result of the refraction

and total internal reflection of the light at the surface.
Consider a ray that passes from air to water: its
maximum angle of refraction for a maximum angle

of incidence of 90° is obtained by:

n, sinB, = n, sin 6,
n sin 6 1.00 x sin 90°
n, 1.33

= 0.752

sin 6, =

0, = 48.8°

This angle is also the critical angle for a ray that
passes from water to air:

n, sin 6, = n, sin 90°

sin 90:'—72—: 1.00
n, 133

=0752 = 6, = 48.8°

Let us analyze the pathways of the different rays
illustrated above. All incident rays penetrate the
water. Among those illustrated, rays 1,2 and 3 reach
the diver, but not ray 4. Rays that penetrate the water

~ beyond point B cannot be perceived by the diver;

this peripheral area appears markedly darker than

the area bounded by points A and B, where the rays
coming from the air reach the diver. The area between
A and B, which forms a (two-dimensional) circle at the
surface, appears brighter to the diver’s eye than the
rest of the water’s surface.




The rays reaching the diver's eyes that come from
the peripheral area, beyond points A and B, are

rays travelling through water (arriving from below,
for example) after being reflected on the surface

by total internal reflection. As such, the peripheral
region appears like a mirror. This region appears dark
because the light rays reflected on the surface are

of low intensity (less bright in water). The circular
surface between A and B above the diver appears

to be a “hale.”

5. a) n=168 6 =7 n,=100
n;sin 6, = n, sin 90°
n, 100

- sing, = — =059 =6, = 36.5°
n - 168

b) n,=7 6 =40° n,=1.00
nsin 6, = n, sin 90°
n, 1.00

n = - =— = 1.56
sin@,  sin 40°

6. a) Refraction at the water-glass interface:
n=133 6=30° n=150 6,=7
n;sin 8, = n, sin 6,
n sin@  1.33 x sin 30°
n, 1.50
6, =26.3°

sin 6, = = 0443

Refraction at the glass-air interface:

n =15 6,=263° n,=100 6,="7

n sin6, =n, sin6, sin6, = m sin 6,
2

_ 150 x sin 26.3°

sin 6, = 100 = 0.665

0, = 41.7°

b) Refraction at the water-glass interface:
n=133 6=5° n=150 6,=7?
n, sin 6, = n, sin 6;

n sin @, 1.33 x sin 52°
n, 1.50

sing, = = 0.699

0, = 443°

Refraction at the glass-air interface:

n=15 6,=443° n,=100 6,=7?

nsin 6, = n, sin 6,,

nsin 6, 150 x sin 44.3°
n, 1.00

=1.05

sin 6;, =

Since the value of the sine function is greater than
1, the situation is impossible and there is total inter-
nal reflection; the light ray does not emerge from
the aquarium. In actual fact, when light passes
from glass to air, the critical angle is 41.8° (see
question 1). In this case, 6, = 44.3° and exceeds
the critical angle: there is total internal reflection.

Chapter 3
Refraction of Light
@ Textbook, p. 93 and 94

@ 1.

Angle of incidence (6): 7
Normal: 2

Refracted ray: 4

Angle of reflection (6): 6
Incident ray: 3

Angle of refraction (6,): 10
Reflected ray: 1

Interface: 12

. Itis understood that the incident light ray is
travelling through air therefore n, = 1.00 and

n, = 1.50. In all three cases, the angle of refraction
is calculated with
n, sin 6,

n, sin 6, = n, sin 6; = sinB; =
nZ

And we obtain:

a) 0° b)19° ¢) 35°

.a) 6=30°

Itis understood that the incident light ray trav-
els through air; therefore, n, = 1.00.

The index of refraction of glass depends on
the wavelength:

n,_ =152 n

2red violst

1.54
For the red ray:
n, sin 6, = n, sin 6;,

n QUANTUM Physics  Chapter 3  Practice makes perfect — Answer key Reproduction permitted © Cheneliére Education Inc.
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sin 9, = n,sin 6, _ 1.00 x sin 30 — 0329
n, 1.52

0, = 19.2°

For the violet ray:

n, sin 6, = n, sin 6,

sind,, = n, sin 6, _ 1.00 x sin 30 0375
n, . 1.54

6, =18.9°

b) 0.=192° n =152 6,=189° n =154

6, =7

=1 n,=100

For the red ray:

n, sin 6, = n, sin 6,

n, sin@, 152 xsin19.2°

sin 6, = = 0.50
fr n, 1.00
6;, = 30°
For the violet ray:
n, sin 6, = n, sin 6,
n_sin 6 i o
sin g, = o 154 x sin 18.9 — 050
n, 1.00
6;, = 30°

# 4. Let us assume an incident ray is travelling through
air (n,) and reaches, with an angle of incidence 6.,

a sheet of glass with an index n,. The angle of
refraction at the first interface is 0,,.

At the first interface: n, sin 6, = n, sin 6;, (1)
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At the second interface: n, sin 8, = n, sin 6, (2)

Since the two normals are parallel (because they
are perpendicular to two parallel sides), 6, and
0, are alternate interior angles and therefore, 6,
= 0,,. The second equation therefore becomes:
n, sin 6, = n, sin 6, (3).

If we compare equations (1) and (3), we can write:
n, sin 6, = n, sin 6, ,and it follows that 6, = 6;,

. Since these angles are defined in relation to
normals that are parallel to each other, the
incident and emerging rays are parallel as well.

. For the violet light: n, = 1.53

For the red light: n = 1.51

8
n="S = v, =L 3000 g6 108 mys
v, n, 1.53
8
p=C oy =0 3000 _ a9 108 mys
v, n, 151
. First the index of refraction of water has to be
determined.
3 c c 4
=2 == =—-=133
V=Rt " v §c 3
4
6=10° n=100 6,=?7 n,=133

n, sin 6, = n, sin 6;
_msing,  1.00 x sin 10°

, =013
n, 1.33

sin 6,

6, =15°

. Itis understood that a “less dense medium,” is a

medium with a lower index of refraction. When a
ray passes from a less dense medium to a more
dense medium, we need to consider that n, <n,.
In this case, the angle of incidence is always
greater than the angle of refraction. Therefore, 6,
cannot possibly reach 90°.

Otherwise, more formally speaking, considering
the algebraic expression of the law of refraction:

n, sin 6, = n, sin 6;

we note thatif n, < n,, in order to respect the equation,
itis necessary that sin6, >siné,, and that 6, > 6,. Itis
therefore impossible for 6, to reach 90°, and so there
is no critical situation or total internal reflection.

QUANTUM Physics  Chapter 3 ® Practice makes perfect — Answer key n



The following diagram illustrates the situation. We
observe that regardless of the angle of incidence
the refracted ray always exists.

8. Light rays are refracted when they pass through the
cornea (surface of the eye). Human eyes work in
such a way that the cornea-crystalline lens optical
system focuses the rays in order to produce a clear
image on the retina when the eye is in air (see
Section 5.2 on page 134 in the textbook).

If the eye is in water, the refraction of the cornea
is much less pronounced, since we have n, =

1.33 instead of n, = 1.00. The eye can no longer
deviate enough rays to focus them on the retina,
and images become blurred. The diving mask or
swimming goggles make it possible to insert a
layer of air in front of the eye and thereby restore
the eye’s normal optical conditions (the refraction
occurs from air to eye, just like when we are out of
the water).

$9.0=? n=100 6,=7 n=133

First 6, needs to be determined, based on geome-
tric information:

tan g, = 2ROt _10M _ pea . g —ape

" adjacent 12m

and then the law of refraction needs to be applied:

nsin@ =n,sin6, sin6 = ”_zs_;”ﬁ
1
sin 6, = 120X SA0°_ 506 g — 5ge
1.00
The incident ray must form an angle of 59° with
the pool wall.

® 10. The law of refraction needs to be applied at each
interface while considering that the angle of inci-
dence at one interface is equal to the angle of

n QUANTUM Physics  Chapter 3  Practice makes perfect — Answer key

refraction at the preceding interface, as the
angles are alternate interior angles.

Glass-carbon disulfide interface:

6,=10° n,=150 6,=? n =163
. . ‘n, sin 6,
nsin® =n,sin6,  sin6; = S0 5
nZ
1.50 x sin 10°
ingy =———=0160 6, =9.21°
S0 163 "

Carbon disulfide-water interface:

0.=921° n=16 6,=7 n,=133
n, sin 6, = n, sin 6; = sin 6, = f, sin 6

1.63 x sin 9.21°
1.33

Water-oleic acid interface:

sin 6, = =019% = 6, = 11.3°

6=113° =133 6,=7 n=143
nsin@ =n,sin6, sinG, = m sin 6

n2
sing, = 33X ST _ g189 g —105°

1.43
Oleic acid-air interface:
6=105° n, =143 6,=7 n,=100

n sin6,=n, sin B,  sin 6, _msinb
n2
sin g, = LABBXSN05°_ 5061 g 1590

1.00

€ 11. The critical angle can serve to deduce the index
of refraction. In both cases, n, = 1.00.

MediumA: 6 , = 27°
m, sin 6, = n, sin 90°
n, 100

R, =—2—=— =220
sing, sin27°
—
A VA
8
v, = £=M=l.36x108m/s
n, 220

Medium B: 6 , = 32°
n, 100

ngsin 6,5 = n, sin 90° = ny = — — -
B e ® sing, sin32°
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c e 300 x 10° m/s d) For the ray to undergo total internal reflection,
lg=—=V, =—=——"—

. p TR 10° m/s it is necessary that 6, = 6. In this figure
8 8 ' 6. = 45°. Itis therefore necessary that 6, =< 45°.
Light travels faster in medium B.
Since n, sin 6, = n, sin 90°, it follows
€ 12.a) Given that the incident ray arrives at a perpen- n
dicular angle to side AC, 6, = 0, therefore that 6 = sin” (;2‘)
6, = 0. The ray continues in a straight line. '

o .
b) The ray is completely reflected on side AB of Therefore, sin” (nJ = 45° and, since the sine

prism P1, since the angle of incidence (6) at function increases (when the angle increases,
this side is such that total internal reflection its sine value increases) when applying the
occurs (6> 6). sine function on each side of the equation,

c) The angle of reflection (0 is equal to the we obtain 1”—00 = sin 45°.

1

angle of incidence (6). The prism is an iso- By isolating n, we obtain 1, > — 1.00O As such,

sceles prism, meaning that angle ZCAB = 45°. o

It can be deduced that for side AB, 6, = 45°. itis necessary that n, = 1.41.

As such, 6 is equal to 45°. For there to be total internal reflection with an
.angle of incidence (6) equal to 45°, the prisms’
index of refraction (n) must be greater than 1.41.

Chapter E Lenses @Textbook, p. 95 t0 130
. PRACTICE MAKES PERF 7

s.ectlon 4-1 Lens I Type | d?VOeI:v?;gl;‘(g{S Symhol
Different types of lenses S
Negative Diverging v
mTextbook, p. 98 meniscus lens | lens
N
1 .
: Converging/ - -
Lens ‘ Type | e s Symbol Biconvex Converging AN
. —— lens lens
Biconcave Diverging v
lens lens
\ %
N Positive Converging AN\
- meniscus lens | lens
Planoconvex Converging AN
lens lens
%
%
—— 2. a) Converging lenses are thicker at the centre than at
Planoconcave Diverging N/ L ) .
lens lens the edges while diverging lenses are thinner at the
centre than at the edges.
/N b) A converging lens deviates the incident rays that
are parallel to the principal axis (P) so that after

having passed through the Iens, the rays converge
toward a single point on the other side of the lens.
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A diverging lens deviates the incident rays that are

parallel to the principal axis so that after having

passed through the lens, the rays travel away from

one another.

Characteristics of converging spherical lenses

Biconvex

Convex spherical

Convex spherical

Positive meniscus

Concave spherical

Convex spherical

Planoconvex

Flat

Convex spherical

Obviously, because a lens can be inverted, a positive
meniscus lens can have a convex spherical form

for afirst surface and a concave spherical form for

a second surface. The same observation applies to
the planoconvex lens.

Characteristics of diverging spherical lenses

Diverging
lens

Planoconcave

l First surface

Flat

Second surface

Concave spherical

Biconcave

Concave spherical

Concave spherical

Negative meniscus

Convex spherical

Concave spherical

Section 4.2
Refraction in lenses

@ Textbook, p. 105

1. |
. TVPB Convgrgmg/
Ray diagram ‘ of ray diverging lens
First Converging
w—«wwwm\ principal lens
F‘ ﬂ »;..’F ray
N
Second Diverging
0 F principal lens
el RC
Third Converging
principal lens
0 F ray

2. Biconcave lenses deviate the light more.

5. They are diverging.

6. The convex surface has a more pronounced
curvature than the concave surface (its radius
of curvature is therefore smaller).

1. a) Converginglenses are thicker at the centre than
at the edges.

b) Diverging lenses are thinner at the centre than at
the edges.

8. Individual answer. At minimum, the student must
mention the fact thatin a converging lens, rays that
are parallel to the principal axis (P) strike one of the
surfaces of the lens and converge to a single point on
the opposite side of the lens. The light will therefore
be more concentrated, and more intense, in the area
near this point.

9. The student must draw a planoconvex lens.

m QUANTUM Physics e Chapter 1 e Practice makes perfect — Answer key

For theincident ray on the two lenses illustrated
above, the angle of incidence is the same for the first
surface and, therefore, so is the angle of refraction.
However, on the second surface, the angle of
incidence is greater for the biconcave lens and,
therefore, so is the angle of refraction. Therefore, the
deviation of the ray is greater for the biconcave lens
than for the planoconcave lens.

3. 1: Principal axis (P)

2: Secondary focal point (F)
3: Converging lens

4: Optical centre (0)

5: Principal focal point (F)
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4, a) Thelensis diverging.
b) Point F'is called the secondary focal point.

¢} Anyincident ray that points in the direction of the
secondary focal point (F') of a diverging lens is
refracted parallel to the principal axis (P) of the
lens (second principal ray).

\\l I/

5. a) ltisa planoconcave lens.
b) This line is the principal axis (P) of the lens.

c) Atthe firstinterface, 6, = 0 and, therefore, 6, = 0:
the ray continues in a straight line.

At the second interface: 6, = 30° , = 1.50
6,=? n,=100
n, sin 6, = n, sin 6, =>sin(9,{:un@i
2
sin g, = 10X SN0 _ o35, g, = a9°
1.00

d) Because the emerging ray bends away from
the principal axis (with an angle equal
to 49 — 30 = 19°), the lens is diverging.

Section 4.3
Optical power of lenses

{3 Textbook, p. 112

1. n__=150 n

glass diamond

=242

1 1 1
Since ; (n—1 [31 Rz]'

Reproduction permitted © Cheneliére Education Inc.

a greater index of refraction implies that optical
power Pis higher (considering identical radii of
curvature), because nappears in the numerator.
The optical power of the diamond lens is therefore
greater than that of the glass lens.

2, P=253% P,=405%
The total optical power of the two lenses side by side is:
P.=P +P,=253+408=65%
The focal length of the system formed by the
combination of the two lenses is:
1 1 1

ff=—=—"= — =015m=15¢cm
P, 65 6.5m

3. ﬁ =10.0cm = 0.100 m
l: 1 =100m"' =10.08
£ 0.100m

P2 —1—: 1 =
£, -0.150m

f,=-15.0cm = -0.150 m

-6.67 m" = -6.67 3

Considering that the lenses are side by side, the
total optical power of the system is equal to:

P, =P, +P,=10.05 + (-6.678) =333

and the focal length of the combination of the
two lenses is:

f; S —=0.30m=230cm
P; 338 33m
4, T
ype
Biconvex Positive (+) Negative (-}
Planoconcave Infinite Positive (+)
Biconcave Negative {-) | Positive {+)
5. f=+035m P="7?
p=l__1 _o9m =295
f 0.3m
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10.

1.

12.

P=3255 f=?
f P~ 3205 325m
P=-558
1 11 1
P=-=f=—=——= =-0.18m
) 7 P~ 555 55m

b) Because f<0,the lens is diverging according to
the sign convention.

=-200cm =-0.200 m P=7
o somt = 5000
f -0.20m
C=-259% f=17
P:l?f:l:—l———: 1 _1:'0.40m
7 P~ 255 -25m

f,=10.0cm =0.100 m f,=25.0cm = 0.250 m

P1 = —_— = :10.0 m_1 :10.08
£ 0100m
1 1 A
f, 0250m

Because the lenses are side by side, the total
optical power of the system is equal to:

Pr=FP—-F,=1008+4005=1403%

and the focal length of the combination of the two
lenses is:

1 1 1

fi=—=——=—— = 00714m=T14cm
P 1405 140m

P=255 P.=405 f=1?

P=P+P,

P=P +P=408-258=15%
f P, 155 15m

Because f, > 0, the second lens is converging
according to the sign convention.

Biconcave lens:
|R|=12cm |R|=T7cm n=152(crown glass)

The signs for R, and R, must be determined by taking
the sign convention into account.

13.
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Because the lens is biconcave, the centre of curva-
ture of the first surface is on the side of the incident
rays, therefore R, = -12.cm = -0.12 m.

The centre of curvature of the second surface is on the
side of the emerging rays, therefore R, = +7 cm =
0.07 m.

1 1 1
=095 5

' —L)=-12m'1 =-123
0.12m

P=(152-1
15 )( 0.07m

If we consider that the first surface is the one with
the 7-cm radius, we obtain

R, =-0.07m and R, = 0.12 m, resulting in the same
optical power:

1 1
P‘“‘WE"EJ

1 3 1
-007m 0.12m

P=(1.52—1)( )=-12m'1=-128

Whether the lens is installed in one way or another
does not change its effect on the light rays.
f=20cm

The statement “one radius of curvature (R) thatis
double that of the other” must be translated into
algebraic language:

lﬁ1|=2}"?2|

Biconvex lens: n = 1.50

1 1 1
We know that: P = ;= (n—=1 [R1 RzJ
The two equations ahove constitute a system of two
equations with two unknowns, R, and R, Before sol-
ving them, the absolute values in the first equation
must be eliminated. According to the sign conven-
tion, for a biconvex lens, R, >0 and R, <0.
Therefore, R, = -2R,

The R, expression can now be inserted in the lens-
maker's equation:

1 1 1 1 1
?_(n_l)[E_E)—(n_1)('ZRz _R_zj
1 -1 2 -3
?—(n_”(ﬁ_ﬁJ_(n_”[z_ﬁzJ

. 1 -3
Since —=(n -1 —|,
f " )(Zﬁzj
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by taking the inverse of both sides, we obtain

Section 4.4

2R, Images formed by lenses

N -3{n-1)

3(n - Wf _ -3(1.50-1)(20 cm) __15¢m

2 2 1
Since R, = -2R,, we obtain
R, = -2 X (-15cm) = 30 cm.

If we had written |R,| = 2|R | at the onset instead of
|R| = 2|R,|, we would have obtained A, = +15 cm and
R, = -30 cm, which corresponds to the same lens,
but inverted.

where: R, =

If the lenses have the same shape, it is because R,
and R, have the same values for the two lenses.

Since P=l:(n—1) l_l
f R R, 2

the only factor that makes the focal length vary is
the index of refraction.
Mo = 282> =152, therefore [1] > [;]
and therefore f, _ <f . fomend -
It is the crown glass lens that has the longer focal
length.
f=12cm=012m £=20cm=020m
p=t=—1 _g3m' =835

f 012m

1 1 3
P,=—= =50m'=5.0%

f, 0.20m

Because the lenses are placed side by side, the
total optical power of the system is equal to:

P.=P +F =838+508=13.33

and the focal length of the combination of two lenses is:

szl:—l——: 14:0.075m:7.50m
P, 1335 13.3m
P, =+43 f,=-Tcm=-0.07m
1 1
a p=—= =-14%
P f -0.07m

Thetotal optical power ofthe twolenses combined
is:P.=P +P,=45+(-143)=-105

b) This system is diverging, because P, <0and £, <0.

@ Textbook, p. 122

. The emerging rays are diverging: the image is
therefore virtual. The image point corresponding to
the object point (top of the tree) is at the meeting point
of the extensions (dotted line) of emerging rays.

Ray 1

The emerging rays are converting: the image is
therefore real. The image point corresponding to the
object point (top of the tree) is at the meeting point of
the emerging rays.

a) 0

T Y~
~—

et
0 0 F— |

-
‘*

Scale: 1 square = 5¢cm

The image is real (the rays converge after the
lens), inverted and its height is similar to that of
the object.

b) a

'H///
/Y
/
[/

Scale: 1 square = 5¢m
The image is real, inverted and its height is greater
{approximately 50% greater) than that of the object.

QUANTUM Physics ® Chapter 1  Practice makes perfect — Answer key “
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a)

b)

c
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c) 0

/

e T~
LN

Scale: 1 square = 5c¢cm
The two principal rays drawn, emerge parallel to
the lens and do not meet except at infinity. There is
no image or, equivalently, the image is at infinity.

Scale: 1 square = 5cm

The image is virtual (the rays diverge after having
passed through the lens), upright and its height is
approximately triple that of the object.

Scale: 1 square = 5cm

The image is virtual (the rays diverge after having
passed through the lens), upright and smaller
than the object.

o . —
BN e s
Fol ]

Scale: 1 square = 5cm

The image is virtual (the rays diverge after having
passed through the lens), upright and smaller
than the object.

Scale: 1 square = 5cm

5.

The image is virtual (the rays diverge after having
passed through the lens), upright and smaller
than the object.

d)

Scale: 1 square = 5c¢cm

The image is virtual (the rays diverge after having
passed through the lens), upright and smaller
than the object.

In the following diagram, each square corresponds
to 5 cm. The focal points are therefore three squares
away from the optical centre of the lens.

Scale: 1 square = 5cm

According to the diagram, the image (real and inverted)
is approximately 3.8 squares away from the optical
centre, which corresponds to d = 19 cm. The height

of the image is equal to approximately 0.4 squares;
therefore, h = -2cm.

In the following diagram, each square corresponds to
5 cm. The focal points are therefore five squares away
from the optical centre of the lens.

/
/
/

.

Scale: 1 square = 5c¢m

According to the diagram, the image (virtual and
upright) is approximately 3.4 squares away from the
optical centre, which corresponds to d = -17 cm.
The height of the image is equal to approximately
1.7 squares; therefore, h = +8.5 cm.

In the following diagram, each square corresponds
to 2.5 cm. The focal points are therefore 10 squares
away from the optical centre of the lens.

I

(—]
[
1
1
e
iy
/
i
1
f

3 ~ F

Scale: 1 square = 2.5cm
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According to the diagram, the image (virtual and
upright) is approximately 3.7 squares away from the
optical centre, which corresponds to d, = -9 cm.
The height of the image is equal to approximately
1.2 squares; therefore, h = +3 cm.

. In the following diagram, each square corresponds

to 5 cm. The focal points are therefore four squares
away from the optical centre of the lens.

s = -

o
|
/

Scale: 1 square =5cm
According to the diagram, the image (virtual and
upright) is approximately three squares away from

the optical centre, which corresponds to d = -15 cm.

The height of the image is equal to approximately
0.5 squares; therefore, h, = +2.5 cm.

. Forquestion6:d =10cm h =5cm f=25cm

[

1 1 1 1 1

1
—_—= — —_ = — == — —
fTd 4 d 7 4
1112 5 3
d ~ 25cm 10cm 50cm  50cm 50 cm
di=-5ocm:-17cm
m=h_.d

h,  d,
P dihn__(-17cm)><5cm=+8.5cm

' d 10cm

[¢]

Forquestion7:d = 15¢cm h =5cm

f=-25cm
1 1 1
f d, d d f d
1 1 1 -3 5 -8
Zf:z 25¢m  15cm  75cm  75cm 75cm
d = Toem 94 cm
8

h_ 4
TSh e,
h = _gh, _ (94 cm)x5cem _ +31em

d 15cm

Forquestion8: d =60cm h =10cm
f=-20cm

LI IO SO I S |
f d d ~d f d
11 181 4
d~ -20cm 60cm 60cm 60cm 60cm
d = 60 cm -15¢m
m=h_ 4
hO dO
h = ah, _ (-15¢cm) x 10 cm — 125¢m
d, 60 cm

For the three cases, the results obtained through
calculations are consistent with those obtained by
tracing the principal rays.

. f=+20cm (converging lens) |M|=4 d =?

4=

There are two answers to this question, depending
on the sign for the magnification.

1°M=+4
hd
M=—"=-—L=44=d=-4d,
h, d,
L O N N P
f d d d d +20cm

o I [ I

The two equations above constitute a system of two
equations with two unknowns, d and d, that must be
solved. For example, in the second equation, we can
replace the d expression provided by the first equation:

1 1 4 1 3 1

d_+:‘.d—0=E_H:E=20cm

0 o]

4d, = 60 cm

=d =15¢cm
di:-4dn=-4><15cm
= d =-60cm

The image is virtual, therefore, it is on the same side
of the lens as the object. The distance between the
object and the image is:

Ad=|d|—d =60cm—15¢cm =45cm

2° M= -4

QUANTUM Physics e Chapter 1 ® Practice makes perfect — Answer key a



1i_r, a1 1
f d, d d d +2cm

[

The two equations above constitute a system of two
equations with two unknowns, d and d, that must be
solved. For example, in the second equation, we can
replace the d expression provided by the first equation:

ISR S DO I
d,  4d, 4d, 4d, 4d, 20cm

= 4d, =100cm = d, =25cm

d=4d =4X25cm
d =100cm

The image is real and is on the other side of the lens
in relation to the object. The distance between the
object and the image is:

d +d=25cm+ 100 cm = 125 cm
1. Converg- | Diverg- | Converg- | Diverg- | Converg-

Lens
ing ing ing ing ing

flem) [ -20 10 -30 6.7

du {cm) 25 25 20 15 20

PRI 100cm | -11cm | 20 -10 10

M -4.0 +0.44 -1 +0.67 0.5

Real/ [UCEU Virtual | Real Virtual | Real

virtual
image

Ty Al Inverted | Upright | Inverted | Upright | /nverted
tation

15t lens: converging
f=20cm [ =25¢cm d="7? g="?
A 111 1
f d d d f d
15 4 1
d "~ 100cm 100 cm 100 cm

M:ﬁ:_ﬂ:_wncm:
h, d 25cm

[}

+ 20cm _25cm

d, =100 cm

-4.0

Because M < 0, the image is inverted.

2" lens: diverging
=-20cm d =25cm d=7? M=?

QUANTUM Physics ® Chapter 1 e Practice makes perfect — Answer key

LIS U O O B RO B
f d d d f d -20cm 25cm
15 4 9

— = - = d =-11
d " T0cm 100cm 100em o om
m=h_ d_ Nem_ 4y

h, d, 25cm

Because M < 0, the image is upright.

3 lens
d0=20cm d=20cm M=-1 f=?
1 1 1 1 2 1

1
fd "d 20em  20cm 20cm 10cm

4] t

= f=10cm

Because f> 0, the lens is converging.
Because d > 0, the image is real.

Because M < 0, the image is inverted.

4™ lens
d =15cm d=-10cm M=1 f=?
ot v o1 2 3
f d d 15cm  -10cm 30cm 30cm
1 -1
- = f=-30
F - 30em e
M:—,i:-iz--1ocm:+0.67

h, d, 15¢m

Because f < 0, the lens is diverging.
Because d, <0, the image is virtual.

Because M > 0, the image is upright.

5% lens
d =17 d=10cm g=-05 f=7?

[}

w410 45 050 —10cm

d, d,
d, =20 cm
11 1 1 1 1 2
F=d T4 2em T0em 20cm | 20cm
l: 3 :>f=20cm:6.7cm
f 20cm

Because f> 0, the lens is converging.
Because d > 0, the image is real.
Because g <0, the image is inverted.

Reproduction permitted © Cheneli¢re Education Inc.
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12. f=+10cm M=+2 d=? d="?
h 4,
ab M="=-"1=42=d=-2d
ho du | 0
LI I SO IO B
f d d ~d d +10cm

The two equations above constitute a system of
two equations with two unknowns, d, and d, that
must be solved. For example, in the first equa-
tion, we can replace the d expression provided

by the first equation:
tot ot 12 1
d, -2d, d, 2d, 2d, 2d, 2d,
S =2d,=10cm=d, =5cm
2d, 10cm
it 1+ 1+ 11 T
f d d d f d 10cm 5cm
11 2 A
d 10cm 10cm 10cm
= d =-10cm
[We confirmthat M= -9 = .10CM _

d, 5cm

c¢) Because f> 0, according to sign convention, the
lens is converging.

13. f=-20cm M= +05 d="7 d="?
h d
ablM=-_=-—L=405=d =-05d
) ) + . ;
LI ISP N IO B
f d, d ~d d -20cm

The two equations above constitute a system of
two equations with two unknowns, d, and d,
that must be solved. For example, in the
second equation, we can replace the d
expression provided by the first equation:

tot 12 A
d 05, d d d -20cm
=d, =20cm

LI R S |

d d f d f d,

1 1 1 -2

=-20cm B 20cm:200m

14.

=d =-10cm

_-10 cm
20 cm

= +05

We confirm that M = g'_ =

c¢) Because f< 0, according to the sign convention,
the lens is diverging.

f=+8¢cm

If the candle is 36 cm from the screen and a clear
(real) image is formed on the screen, then d + d =
36 cm.

However:
1 1 1 1

f d d 8cm

0 I

The two equations above constitute a system of two
equations with two unknowns, d, and d, that must be
solved. For example, in the first equation, we can iso-
late d and replace the expression obtained in the
second equation:

d=36cm—d,
1—1+ 1
36cm—d,

1
d, 74" 4q,

0

36cm—d, d,
= +
d(6cm-d) di(36cm-d)
_ 36 cm _ 1
d(6ecm-d) 8cm
d,(36cm—d)=36cmx8cm
—d.? 4 (36 cm)d, = 288 cm’

or d’ — (36 cm)d, + 288 cm® =0

this is a second-degree equation of the form
ax®> + bx +c=0witha=1,b=-36 and c = 288.
The solutions are:

J = -b + +/b* - dac

° 2a

36 + /36" — 4 x 1x 288
d, = cm
2
d,=24cmor12cm

A clear image is obtained for d = 24 cm (then d =
12 cm), or for d, = 12 cm (then d, = 24 cm).
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Section 4.5 3. Spherical aberration is caused by the spherical

Ontical aberrations of lenses shape of the surfaces that define the lens. Because
p of this lens’ particular geometrical shape, it does not

{3 Textbook, p. 124 focus the parallel rays that pass near the principal
axis (P) and those that pass at the periphery of the
1. A chromatic aberration is an optical defect caused lens on the same point
by the fact that incident rays of different wavelengths
are not refracted in the same way by a lens. This Chapter 4

phenomenon is due to the variation in the index of
refraction according to the light's wavelength. This Lenses
difference in refraction has the effect of focusing @ Textbook, p. 130
parallel incident rays of different wavelengths on

different points of the principal axis (P).
# 1. Unlike with lenses, light does not pass through

A chromatic aberration can be corrected by using mirrors. Mirrors reflect light (the phenomenon
an achromatic doublet. of reflection) that therefore, travels in the same
medium. In the case of lenses, light passes through
2. a) Inaccordance with the lens-maker’s equa- them, thereby changing their medium. Passing

tion, the focal length (f) of a lens depends on through a lens prompts the phenomenon of refrac-
the index of refraction (n) of the material used to tion, which depends on the light's wavelength (X).
make it. Because the index of refraction depends The refracted light's trajectory depends on the
on the light's wavelength () the focal length will, index of refraction (n) of the material with which
therefore, depend on the colour of the beam that the lens is made. Because this index itself depends
passes through the lens. on the light's wavelength, the refracted light's

b) We must consider: trajectory will also depend on it. It is this difference

, . in trajectory that causes chromatic aberrations.
* the lens-maker’s equation:

1_ n—1 1T 1 B 2. Planoconvexlens: f=10cm

f R R, Material: glass = n = 1.50

(see Section 4.3 on page 110 in the textbook) 1 1 1

P=-=-0|——-——
* the way the index of refraction varies with the f ( ) [R1 Rz)
wavelength:
For a planoconvex lens, one of the surfaces, e.g.
n\) = A+ % the second one, has an infinite radius
) of curvature: R, = o; therefore, T 0.
(see Section 3.2 on page 81 in the textbook) R,
¢ the fact that the wavelength of the red The first surface is convex, R, > 0 according to

light (\;) is greater than the wavelength of the sign convention. Therefore,

the green I|ght(7\g). 5 1 (-1

Because A, > \ , according to nf\) = A + L f R

we obtain r, < 1, R =(n—1f=(150—1x10cm=>5cm
According to T (n—1 L

g o R, f,v; ! Ifthe flat surface is the first one: R = oo; therefore,
1
in|—|<|+ . 5 =0

we obtain F 3k and therefore £, > £, R

Therefore, we obtain the shorter focal length The second surface is convex, R, <0 according to
with the green light. the sign convention. We obtain

m QUANTUM Physics ® Chapter 4 e Practice makes perfect — Answer key Reproduction permitted © Cheneliére Education Inc.
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1 -1 (n—1)
—=(n-1) —j =
f (32 1R2|

and, therefore |R| = 5 cm as well.

f=20cm f=40cm  f=7
The three lenses are placed side by side; therefore
P.= P+ P,+ P,.Iff, f,and £, are known,

we can determine P,, P,and P, and then P, and f,.

1 1 1

f,=-10cm

1= 7 = = =50m'=509
ff, 20cm 020m

p=t-_ 1 1 _qom =105
f, -10cm -0.10m

p=t- 1 _ 1 _y5m =255
f, 40cm 040m

R=P+P+Ph PA=P-F-F

P,=2535—-508—(-108)=753
1 1 1

- = = =013m=13cm
P 158 15m’

The third lens has a focal length of 13 cm.
Because £, >0, the lens is converging.

Planoconvexlens: R, =« R, <0

1 1 1 1
| N

_n—1)
==&

P

Because R, <0, Pand fare positive. Therefore,
according to the sign convention, the lens is
converging.

We can also consider that B, = o; then, R, > 0.
(n -1
R,
which amounts to the same (inverting the lens

does not change the focal length).

In this case, we obtain % =

’

Planoconvexlens: B = R, =-25¢cm

(We could say that R, = +25 cm and R, = « and
we would obtain the same results; inverting the
lens does not change its focal length.)

n =152 n =154

a) As covered in question 4, for a planoconvex lens,

1 <n-1 -R,

- = , therefore f =

f R, (n—1
For the blue light:
f, = (n;ﬁ_z 5= “(5?3‘:_"1)“ — 47.80cm
For the red light:

_ R ABem _ gepem

T -1 (54—

The distance that separates the two focal
pointsis d = f — f = 48.64 cm — 47.80 cm =
0.84 cm.

b} This phenomenon is called chromatic aberration.

. Diverging meniscus: R, =-10cm  R,=-22cm

(We could say that R = +22 cm and R, = +10 cm
and we would obtain the same results; inverting
the lens does not change its focal length.)

Because the lens is diverging, f=-35¢cm
(according to the sign convention).

By using the lens-maker’s equation, we can
isolate the lens’ index of refraction:

1
1 1 1 B f
?_(n_1)[ﬁ1—ﬁ_2]:> n-1= T 1
R
1 -1
ho1= -35¢m _ 35cm
1 1 -22 10

- +
-10cm  -22cm 220cm 220cm

-1
B AScm _-1x220¢cm
- -12 T
AZOcm 12x 35¢m

n—1=05 = n=152

The index of refraction obtained is that of a material
with the same index of refraction as that of crown
glass (see Table 1 on page 79 in the textbook).

. Lens1: R, = R, =-15cm (lightis presumed to

come from the left)
lens2: R, =-15¢cm = R R,=c

a) Parallel incident rays will emerge parallel to
the system, because the two vertical interfaces

QUANTUM Physics ® Chapter 1 ® Practice makes perfect — Answer key



are parallel (the optical system acts like glass).
We can say that the rays are focused at infinity
and write f= oo, therefore

P: :—:0.

1
f o
We can also proceed more formaily:

Because R, = R,, we consider that B, = R,

= Rwhere R <.

Because the two lenses are side by side,
P.= P,+ P, We calculate P;and P;

1 1 1 1
A _(n—1)[ﬁ;——H;J—(n—1)(;—ﬁ)

(n-1)
R

1 1
P= (n—I)(———J
‘ HIZ H22

ﬂ=M~D(l—l)=m_"
R o R

(n—1 _

P =

An=1)

F=R+F= = TR 0
b) n,=150and n, = 166 (see Table 1 on page 79
in the textbook)

1T 1
p- <n_n[___J
1 Ry Ry

p=s0—y| Lot |2 80 _ g3
oo -0.15m 0.15m

=339
1 1

P,=(n-1) (———]

‘ H1Z RZZ

P (166—1)| ———1 | = 20 _ 4qp

-0.15m oo 0.15m
= 443

P.=P +P =335—445=-113

Since P < 0, then f< 0 and, according to the
sign convention, the optical system is diverging.

¢ 8 d=10cm h=05cm P=53 d=? M=?

a) P=l
f

QUANTUM Physics ® Chapter 1 ® Practice makes perfect — Answer key

b)

= =—1_1—=0.20m:20(:m
5m

i 1 1. 1.1
f d, d d f d,

1 1 1 2 -1

d=-20cm
V- _i: _-200m — 120
d 10cm

[¢]

c¢) Because f> 0, the lens is converging according

é 9.

é 10.

to the sign convention.

IM=05 M=-5% d =7 d="2

Because the lens is converging (P < 0), the image
is upright (see Table 3 on page 114 in the textbook)
and M= +0.5.

i T
a P=-=>f=—-=—=——=
) P=7 P55 bm
f = 020m=-20cm
T d
1,1 nd M=-% =05
f=d Td " Wem® d,

These two equations form a two-equation

system with two unknowns, d_ and d. We

isolate d in the second equation: d = -0.5 d,

and we insert the expression obtained in the

first equation:
1 1

1
4 T osd 4

0

2
d,d
=d, =20cm

b) d;, =-05d, =-05 X (20 cm)
d,=-10cm

¢) Because f<<0, the lens is diverging accor-
ding to the sign convention.

Biconvex glass lens: n = 1.50
|[R|=12cm |R|=2X|R|=24cm

Considering the sign convention,
R =+12cmand R, = -24 cm.

Reproduction permitted © Cheneliére Education Inc.
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(We could say that B, = +24 cm and R, =-12 cm and
we would obtain the same results; inverting the lens

does not change its focal length.)
a) l = (n—1) l_l
f R R,
1 1
=(1.50-1 ——
f ( )[12 cm -24 cm)

= 050 2 + 1
f 2dcm 24cm

| —

=050 x

1 1
24cm 2 X 8cm 16cm

~N | —

= f=16cm

bl d,=20cm d=1?
1 1 1
15 4 1

11 1
)
d _ 80cm 80cm  80cm

1
- f d, 16cm 20cm
— d =80 cm

c} M:-_(_ji_z-_so_c_n_]z_zl_
d 20cm

(o]

The image is therefore real (d > 0) and inverted
(M<0).

chapter |l Applied Geometric Optics

{3 Textbook, p. 131 to 147

PRACTICE MAKES PERFECT

Section 5.1
The camera

{3 Textbook, p. 133

1. The rays from a point on the object diverge and the
objective must make these rays converge on one
point on the light-sensitive surface: the objective is
therefore converging.

2. Theimage formed on a camera’s light-sensitive
surface is real and inverted.

3. The distance of an object being photographed
(the object distance d,) can vary from one photo
to another. According to the thin-lens equation, the
image distance d also varies. If the objective was
always in the same place, the image could form in
front of or behind the light-sensitive surface, which
would result in blurry photos.

To bring the image into focus, i.e. ensure that the

image is formed exactly on the light-sensitive surface

and that the picture will be clear, you only need to
modify the distance between the lens and the light-

sensitive surface. Most cameras automatically make

this adjustment.

Reproduction permitted © Cheneliére Education Inc.

. According to the thin-lens equation: % =

when g, — o, ?dl_} 0.

1 1ofyq
d

I

1
Then: — =0
f T d

Therefore, when the object being photographed is at
an infinite distance (or very far away) from the lens,
the distance between the objective and the light-
sensitive surface is equal to the focal length (7).

. f=6.0cm

Because the objective is 7.0 cm from the light-
sensitive surface and the image is clear, then
d=170cm.

|

+

| -
Q-

S
do

~ | =

1
g,

Q

[¢] 1

L R R S
d, 60cm 70cm 42cm 42cm 42cm
d,

=42cm

. f=60cm R,=174X10°m d,=384X10°m

d, =384 X 10°m h =2XR,=348x10°m
h=2

QUANTUM Physics ® Chapter 5 ® Practice makes perfect — Answer key m



Because M= % = % , to find h, we must
first find d: '

1 1 1 1 1 1

1
—_ + e
f d f
The object is so far away that the denominator of the
subtraction’s second term is very large, which makes
the second term negligible:

11

=d =f=060cm

d f
v= D4
6
he ha 348 x 10°m x 6.0cm _ .0054¢m

T 384 x 10°m

The size of the Moon’s image on the light-sensitive
surface is 0.54 mm.

7. Object: building d, =400m h =78m

Converging lens: f=5cm

a) Itis presumed that the viewfinder does not
deviate the rays.

h,=78m
0=11°

d,=400m
tang="1e = 8™ _ 490
d 400m

]

6= tan" (0.20) = 11°
The tourist sees the building at an 11° angle.
b) d =7

rtpr_1 v 1.1
d 'd f d f d
11 1 1 1
d Scm  400m  005m  400m
18000 1 7999
d  400m 400m  400m
400 m
d= 2999 0.05001 m = 5¢cm

The image distance is practically equal to the
lens’ focal length. The image will therefare, form
on the film.
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1
d~ 60cm 384 x10°m

c) h="7
h d
M= -2
h, d,
b= hd, _ 78 m x 5cm=-0.98cm

' 400 m

The image is inverted and its size will be equal to
9.8 mm.

Section 5.2
The human eye

{35 Textoook, p. 138

1.

P=52%

Because P> 0, the lens is converging. The eye
is therefore, hyperopic, a defect that requires an
increase in optical power.

The human eye is made in such a way that the cornea-
crystalline lens optical system focuses rays so as to
have a clear image on the retina when the eye is in air.

If the eye is in water, the cornea’s refraction is
much less pronounced, because we have n, = 1.33
instead of n, = 1.00. The eye is then no longer able
to sufficiently deviate the rays to focus them on the
retina and images are blurry. The diving mask or
swimming goggles make it possible to interpose a
layer of air in front of the eye, and therefore, for the
eye to return to its usual situation.

A myopic person wears diverging corrective glasses.
As indicated in Chapter 4 (see Table 3 on page 114),

a diverging lens always provides a virtual and upright
image that is smaller than the object. It is this image
that you see when you look at a person’s eyes
through their glasses. The eyes of a myopic person,
therefore, appear smaller than they really are.

If a person is hyperopic (or presbyopic), they wear
converging glasses. The surface of their eyes is
between the focal point and the lens. As indicated
in Chapter 4 (see Table 2 on page 114),in these
conditions, a converging lens provides a virtual and
upright image that is larger than the object. Seen -
through glasses, the eyes of the hyperopic person,
therefore, appear larger than they really are.
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4. When an object is very far away (object at far

point), d, —cc and d, = f. The first sentence of the
problem, therefore, provides the eye’s focal length
for an object at far point (FP): £, = 2.0 cm. The eye’s
refraction is then:

1 1 1

—= = = 50m" =503
fp  20cm 0.020m

P =

If you consider the far point (FP) located at 0.40 m for
an object located at this distance, the image must
still be formed on the retina; therefore,

d=040m d=20cm f,=?

P —i—l_;_l—___.] 1
¥ f, d, d 040m 0.020m
1 20 21

53 5

= + = =
040m 040m 0.40m

The amplitude of accommodation is:
AP =P, — R, =538 —508 =33

. a) Preshyopia is a visual disorder caused by the

aging of the crystalline lens that no longer suf-
ficiently accommodates. For an object close to the
eye, the image is formed behind the retina. The far
point of a normal eye is approximately 25 cm.

b) Because the image is formed on the retina when
the object is at the far point, we have, for an eye
without correction:

d=45cm d=17mm=17cm f,=7?

Itis therefore possible to calculate the optical
power (P, ,) of the eye, without correction, for
an object at far point:

Attt
f, d, d 4cm 17cm
=0.022 cm” + 0.588 cm” = 0.610 cm”
fNF =1.64 cm
o= =— 613

f, 00164 m

With correction, for an object at 25 cm, the image
must also be formed on the retina; therefore, in
this case,

d'=25cm d =17mm=17cm £, =7
1 1 1 1 1
r ’ ’ = +
fo d d’ 25cm 17cm
=0040cm” + 0588 cm’ = 0.628 cm”
fip’ =159 cm

Pp==— 1 —635

£ 00159m

The corrective lens is placed beside the eye,
therefore, its optical power (P ) is obtained by:

R+ R =P’
P=P, —P,=635—615=25

Because P, > 0, the lens is converging.

Section 5.3
The light microscope

@ Textbook, p. 140

1. The objective and the eyepiece.
2. Thelenses used in light microscopes are converging.

3. Theimage formed by the eyepiece lens of a light
microscope is virtual. To observe it, you must look
into the eyepiece; the image cannot be projected
onto a screen.

4. Consider L, the objective, and L, the eyepiece.
Image provided by the objective:
d,=25cm h, =10cm f=20cm

1
1 i_ 1 B 1
"~ 20cm  25cm

The objective forms a real image 10 cm from the
objective.

=t
ho1 dm
h = _h,d, _ 1.0cm x 10cm 40 cm
d 25¢cm

ol

After having crossed one another where the image

is located, the rays continue to travel and reach the
eyepiece. For the eyepiece, the object is, by definition,
the meeting point of the incident rays on the eyepiece.
But this meeting point also corresponds to the meeting
point for the rays emerging from the objective, which
is the position of the objective’s image. In other words,
the image provided by the objective becomes the
object for the eyepiece.
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Because the eyepiece is 12 cm from the objective
and the image provided by the objective is 10 cm from
the objective (therefore 2 cm from the eyepiece), the
object distance for the eyepiece is 2 cm. The object
height for the eyepiece is equal to the image height
provided by the objective.

Image provided by the eyepiece:
d,=2cm h,=-40cm f=23cm
_1

fZ

N o
f, dy
o 1 2-23 03
“23cm  2cm  46cm  46cm

g =28 g5em
& 0.3
The eyepiece forms a virtual image 15 cm from the

eyepiece of the following size:

1 1
diZ diZ

1
d
1
dy

=t
hoZ doz
h, = _hyd, _ -40cm X (-15¢cm) _ 30em
d, 2cm

The final image, formed by the eyepiece, is much
larger than the object, and it is inverted, as observed
when using a microscope.

. Consider L, the objective, and L, the eyepiece.
a) The object is the letter:

d,=17cm h, =10mm f=15cm
1 1 1 1 1 1
N — T — $ — e — — —
dn] di1 f1 it ﬁ do1
1T 1 T 17-15 02
d, 15cm 17c¢m 255cm  255c¢m
d = 2.5 om =128 cm

il

b) Because d, > 0, the image produced by the
objective is real.

¢) The image provided by the objective becomes the
object for the eyepiece. Because the eyepiece is
14 ¢cm from the objective and the image provided
by the objective is 12.8 cm from the objective
(therefore 1.2 cm from the eyepiece), the object
distance for the eyepieceis 1.2 cm.

d,=12cm f,=20cm

2
1 1 1 1
4, d, % Td h

1
doz

1T 1 v 12-20_ -08
d, 20cm 12cm  24cm 24cm
d,= 240M_ 30¢m

0.8

d) Because d, <0, the image produced by the eye-
piece is virtual.

e) The image height produced by the objective is
obtained by:

A

ol ol
_ hﬂldn
d

ol

1.0mmx 128 cm
=- =-7.5mm
1.7cm

hy

The object height for the eyepiece is equal to the
image height provided by the objective:
h,=-1.5mm

h d,
M. =2 = Zi
’ h02 doZ
h, = _hyd, _ -15mm x (-30cm) _ 19 mm
d, 12¢cm
h, -19mm
4 M“’t:h_a: 1.0 mm =1

ol
g) Because h, <0 (or M, <0),the final image is
inverted in relation to the object.

Section 5.4
The telescope

@ Textbook, p. 143

w

m QUANTUM Physics ® Chapter 5 ® Practice makes perfect — Answer key

Refracting telescopes use lenses that refract light.

The fundamental difference between the refracting
telescope and the reflecting telescope is the optical
system used to capture the light. A refracting
telescope uses a converging lens and a reflecting
telescope uses a converging mirror.

The secondary mirror of a Newtonian telescope
is positioned at 45° in relation to the primary
mirror’s principal axis in order to send the formed
image toward the eyepiece in a direction that is
perpendicular to the principal axis.
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4. The world’s biggest telescopes are reflecting

telescopes because it is easier (fewer surfaces
to polish) to make large mirrors than large lenses.
Moreover, a large mirror can be supported from
below while this is not the case for a lens through
which light must pass.

Note: In the diagram in question 5, the object has
a height of 10 mm and must be placed 31 cm from
the centre of objective. To respect the distances
represented in the textbook’s diagram, the focal
length of the objective is 15 mm and that of the
eyepiece is 18 mm.

Objective

Eyepiece
|

eyepiece

" Image formed by the objective
becomes the object for the eyepiece

We first draw two principal rays passing through
the objective in order to determine the the image
position produced by the objective. This image
becomes the object for the eyepiece because the
rays reaching the eyepiece appear to be coming
from this point. We can, therefore, draw principal
rays originating from this second object. The rays
emerging from the eyepiece diverge and the image
provided by the eyepiece (the second image or final
image) is virtual. We observe thatitis inverted and
larger than the initial object.

In the diagram, the initial object measures 1.0 cm:
h,=10cm

The image provided by the objective (the firstimage)
measures 0.9 cm and is inverted: A, = -0.3 cm

The image provided by the eyepiece (the second
image) measures 5.5 cm and is inverted: f, = -5.5 cm

Magnification provided by the objective:
hy _ -09cm _
h. 10cm

01

,VI1 = ‘09

Magnification provided by the eyepiece:

h, -55¢m

M, =-2= 6.1
' h, -09cm
Total magnification:
— h = m — _55
h, 10cm

We observe that -0.9 X 6.1 = -5.5,
therefore M= M, X M,

Chapter 5
Applied Geometric Optics

@ Textbook, p. 147

o1

m 2

m 4

D

iaphragm Iris

Cornea-crystalline lens
optical system

Objective

Light-sensitive surface Retina

You focus a camera by rotating the objective back
and forth. In the case of the human eye, there is
no mobile component. Focalization is done by
accommodation of the crystalline lens, which
changes form.

. Virtual images: microscopes, reflecting and

refracting telescopes.
Real images: camera, human eye.

a) Device 1is a refracting telescope and Device 2
is a microscope.

b) The firstlens (on the left) is the objective while
the second is the eyepiece. The objective pro-
duces a magnified real image. The eyepiece
forms an even larger virtual image.

c¢) The refracting telescope has a large focal length.
As for the microscope, its objective is a lens with
a very small focal length. The objective is placed
very close to the object to be observed.

. This is due to the fact that the primary mirror of

reflecting telescopes does not have light passing
through it, unlike the objective of refracting telescopes.
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B 6. Optical Components Optical phenomenon
device p (Reflection/Refraction)

Microscope | Objective Refraction

Eyepiece Refraction
Reflecting Primary mirror Reflection
telescope Secondary mirror { Reflection

# 7. a) Acamera has a converging lens.

=

Objective

b) A microscope has two converging lenses; the
objective has a short focal length, therefore
the lens is very rounded. The object is near
the objective.

Objective Eyepiece

c) Arefracting telescope has two converging
lenses; the objective has a long focal length,
therefore the lens is slightly rounded. The
object is very far away.

Objective . Eyepiece

m QUANTUM Physics ® Chapter 5 @ Practice makes perfect — Answer key
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OF MECHANICS

PRACTICE MAKES PERFECT

Section 6.1
The purpose of a frame of reference

@ Textbook, p. 154

1. Aframe of reference is made up of a spatial refer-
ence, composed of an origin and three axes perpen-
dicular to one another, to which a time reference can
be added.

2. a) The observer on the moving sidewalk will see
a vertical trajectory, perpendicular to the side-
walk’s plane.

b) The observer on the ground, off the moving side-
walk, will see a parabolic trajectory.

3. aJ Note:The axis of reference, determining the
signs of velocity, points in the direction of the
moving sidewalk.

v, = 1.3 m/s (velocity of the moving sidewalk)

v, = -1.3 m/s (velocity of the person on the
moving sidewalk)

The velocity of the person relative to the observer
on the ground is:

V=Vt v, = 1.3m/s — 1.3 m/s = 0 m/s.

For the observer on the ground, off the moving
sidewalk, the person on the sidewalk moves at
a velocity of 0 m/s.

b) Everything happens as if the person were station-
ary relative to the ground. Therefore the observer
on the ground, off the moving sidewalk, will see a
vertical trajectory, perpendicular to the side-
walk’s plane.

4. t,=18min=1080s
d; =800m
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PRELIMINARY NOTIONS

Velocity of the swimmer relative to the water = v

Velocity of the current relative to the shore = v' = ?

We assume that the log moves at the same velocity
as the current.

Systematically, by using the notions covered in the

section, we assert:

t= Time taken by the log to go from point B
to point A

t,.= Time taken by the person to swim from point B
to point C

t., = Time taken by the person to swim from point C
to point B

t., = Time taken by the person to swim from point B
to point A

d,, = Distance between B and C = Distance between
Cand B.

The fact that the swimmer arrives at point A at the same
time as the log is the central element of the problem.
We can write that the time taken by the log to go from

B to A is equal to the time taken by the swimmer to go
fromBtoCtoBto A:

=1y + lg + Igp.
The time taken by the log to go from point B to
pointAis:

d .
t = —22, where d,, = 800 m. However, tis unknown.
v

From point B to point C, the person is swimming
against the current. His speed in relation to the shore
is equal to v — v’ (note that v’ < v, if not, the person
would not be able to swim up the river).
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The time taken by the person to swim from point B to
point C is:
dBC

Vv -V
= Gy = (v — V') X ty, where t,, = 1080s.

lye =

From point C to point B, the person is swimming in
the direction of the current. His velocity relative to

the shore is equalto v + v’
The time taken by the person to swim from point C to
point B is:
_ Oy
®v4v

By replacing the expression found previously-for d,
we obtain:

; v —v) xtg
e v4+v o

The time taken by the person to swim from point B to
point A is:
dAB

t;, = .
BTy

Since t = ty, + t + ty, We obtain:

gﬂ v—v dyg

=t + — X1 .
B vy T v

’

In this equation, d,; and t,. are known, and vand v’

are unknown.

We transform the equation by finding a denominator
common to the three terms on the right:

d_A.B‘IV—*—V.Xth'FV_V,Xth“’ g ;
v V+v v+v V+v
_Vv+v +(V,_V)><t3c+ dAB’

V4V v+v
%_ v Xty + dpg

v v+ v+
By isolating the two d,; terms on the same side of

the equation, we obtain:

dg _ v

v v+v vV

dABX[—]_, ! ]_ 22 X g

X Tyge

12

vi.ov+v v+

m QUANTUM Physics e Chapter 6 ® Practice makes perfect — Answer key

v+v)-v _
vy +v') v+

AB X g

7 v d
X = X by = 28 =21,
AB V’(V + V’) v+ V' BC V' BC

The velocity vno longer appears in the last equation.
All that is left is the unknown velocity, which is the
one we're looking for:

, dy __ 800m

— s M 370m/s.
2, 2 x1080s

4

Section 6.2
Inertial frames of reference

@ Textbook, p. 157

1. Inthe heliocentric frame of reference, the origin of
the spatial reference is at the centre of the Sun. The
three axes of reference (x, yand z) are perpendicular
to one another and are directed toward distant stars
that are considered fixed.

2. Inthe geocentric frame of reference, the Earth is driven

by its rotation on its axis, from west to east, around an
axis of rotation passing through its poles.

3. By definition, an inertial frame of reference is a

frame of reference in which an isolated body is
either at rest or in uniform rectilinear motion.

Below are some examples of inertial frames of reference:

— The terrestrial frame of reference for all experi-
ments of short duration that are not influenced
by the motion of the Earth’s rotation.

— The frame of reference associated with a car as
long as it remains in uniform rectilinear motion.

4. Below are some examples of non-inertial frames of

reference:

— Aframe of reference associated with a car mak-
ing a turn.
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— Aframe of reference associated with an acceler- Therefore, P,(2.2, 27°)
ating vehicle.

— A frame of reference associated with an amuse- PointP,:x, =3,y,=3=r=70,= ?
ment park ride in rotation.

=Xt 4yl =3+ (3 =42

Section 6.3 Point P,(3, -3)is in the fourth quadrant.
Coordinate systems y

@ Textbook, p. 160 .

1. y“ /' 'f \\

2 HNEENNL.ERE
NN
P2, 135° P2, 35°) 2
-1 \\.r-—// P,(3.-3)

P,(1, 1807) a5° _
2 1 1 2 X Let o, be the angle between the positive x-axis and
the radius. Therefore,

tana:|12—|=§:1:>a:tan"(l)=45°
x,| 3
° Therefore,

6, = 360° — a = 360° — 45° = 315°,and P,(4.2, 315°)

2. PointP:r=26=4=x=7y=" PointP:x,=-2,y,=2=r="10,=7

X,=1r Xc0s0, =2 x cos4h° =14
T ! =X +yi =2 + (2" =28

yy=1r xsin6 =2 xsin45° =14 Point P,(-2, 2)is in the second quadrant.

PointP,:r,=1,0,= 180°=x,=?,y,= ?

14
X,=1, x cos 8, =1x cos180° = -1
i i P3f-2:2) 2
y, =1, xsinB, =1xsin180° =0 -2 Sy
' 1 9\
POII’lt P3' I'3 = 2, 93 = 135°:>X3 = ?’ y3 _—_7 ra/ ¥ \
X

X; =1, x €080, =2 xcos135°=-14

Ys =1, x sin@, =2 x sin135° = 1.4

N

3. PointP:x =2y =1=r="70="1

= +y2 =2+ 1% =22
1 J T h Let « be the angle between the negative x-axis and

Y, the radius. Therefore,

tan 6, = —=%:0.5 = 6, =tan" (0, 5)=27°

& _lnl_2

tana = = =1:>a=tan'1(1):45°
x| 2
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Therefore, Point P, is in the second quadrant.

0, =180° — o = 180° — 45° = 135°, and P2(2.8, 135°). VA
Paf6.0) 4
4. a) The Cartesian coordinates can be read directly Pot:) N §
on the graph: g
P(5,10) P4, -4) P, 9). AN BN
/ 0N
b) PointP, l/“ ‘
.al] == 4-3-3 2..3...4 ; TR ! "
Gz\/xf+y‘|2:\/52+102:11 937‘(!. -..- - b 8-9 X
tang, =0 =109 g —tan'(2) = 63°
X, 9 6
Therefore, P.(11.2, 63°). g
Point P, Let a, be the angle between the negative x-axis
and the radius. Therefore,
n= X +y: =# + (4} =57 vl o
S el g = tan"(1.5) = 56°.
Point P, is in the fourth quadrant. tan a |x3| 6 5= a=tan’(1.9
y Therefore,
4 0, =180° — a = 180° — 56° = 124°and P3(11,124°).
P RN
AR Chapter 6
[lo, |~ \ . Frames of Reference
4 3\ 2 4 Naf 3 X {3 Textbook, p. 164
21 PR . |
3 B 1. a) Itis aterrestrial frame of reference.

4 P,(4,-4) b) This frame of reference is inertial because the
duration of the experiment is very short compa-
red to the Earth’s diurnal rotation. This rotation,

Let a, be the angle between the positive x-axis moreover, has practically no influence on the

and the radius. Therefore, experiment

tana = |y_2| = % =1= a=tan"(1) = 45°. B 2. No. If you drop an object, for instance, it seems to
|X2| fall vertically relative to the walls of the rail car,

Therefore, whether the rail car is stationary or moving at a

6, = 360° — a = 360° — 45° = 315° and constant velocity.

P,(5.7, 315°).

Point P,

=X +y2 =6 +9 =1
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Chapterl uuantities and Units @Textbook,p.165to182

" PRACTICE MAKES PERFECT

Section 7.2
The International System of Units

{2 Textbook, p. 168

1. Quantities: length, mass and speed.

Units: metre (m), kilogram (kg), kilometre per hour (km/h).

2. a) Aworker applies a force of 100 newtons to a crate.

b) The table’s mass is equal to 30 kg.

¢} The game lasted 45 s longer.

3. The label has an error because the gram (g) is a unit
of mass, not weight. The label should instead read:
“Net mass: 500 g.”

4, < Length of the Nippur cubit=0.5185m
* Number of Sumerian fingers in the Nippur cubit: 30
e Number of Egyptian fingers in the Nippur cubit: 28
Calculation of the length of the fingers:
Length of a Sumerian finger
_ 05185 m

=001728m

Length of an Egyptian finger

_ 05185m _ 01852 m,
28

Calculation of the number of fingers in one metre:

Number of Sumerian fingers in one metre

__Im
T 001728m

Number of Egyptian fingers in one metre

__Im
T 001852m
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Section 7.3
Fundamental standards of the basic
units of mechanics

{35 Textbook, p. 171

1. No. The material standard of the metre has not been
in use since 1960.

2. The only material standard of an Sl unit base unit still
used today is the kilogram.

3. To define the metre, it has been agreed that
the speed of light in a vacuum should be set at
¢ = 299792 458 m/s.

4. This definition has been abandoned because of the
Earth's rotational irregularities.

Section 7.4
Derived units in the International

System
@ Textbook, p. 172

1. 1kWh = 1000W X 1 h = 1000 W X 3600 s
=3600000Wes

In terms of Sl base units: 1 W = 1kg m? s3.

Therefore, 1 kWh = 3600000 W s = 3600 000 kg m?s3
X 1s = 3600000 kg m?s

Because this combination of units corresponds to
the joule (see Table 5 on page 172 in the textbook),
we can therefore state that 1 kWh = 3 600 000 J.

2. W=FXAs

Unit of (W) = unit of (F) X unitof (As) =N X m =
(kg m s?) X m = kg m*s?

3. Weight = mass X gravitational acceleration
or Fg = mg

(See the Review on page 13 in the textbook.)
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Unit of weight = (unit of mass) x (unit of gravitational
acceleration)

=kg X ms?=kgms?

Because the unit of force is the kilogram-metre per
second squared, or kg m s (see Table 5 on page 172
in the textbook), we can conclude that weight is

a force.

Foo Unitof (F) N
_F _ unit of (py = Snitot ) N
p=g = Unitoflp) =G tiA =

Unit of (p) = kgm" s?

Section 7.5
Multiples and submultiples of units

@ Textbook, p. 175

1.

t=250s
a) t=250s X "1 IS _ 950 x 108 s
£ = 250 000 000 ps

10° ms

b) t=250s X ——— s = 250 X 10°ms
t= 250000 ms
-3
¢) t=250s X 101 sks — 250 X 10" ks
£ = 0.250 ks
0
d) t=250s x 19 SMS=2.50><10'4MS

t=0.000 250 Ms

E=150MJ =150 X 10°J = 1.50 X 10°J
Tmd =10°%J

Therefore,

E =150 x 10°J x - — 150 x 10" mJ .
10°J

m=102pg =102 X 10%g = 1.02 X 105 g
1kg = 1000 g

m =102 x 10°

1kg 8
=102 x 10° k
10° g . g

m QUANTUM Physics ® Chapter 7 ® Practice makes perfect — Answer key

10. k=

A=235cm? Tm=100cm

2
A=23.5cm2><[ m ]:2.35x10'3m2
100

cm

km 1000m>< Th _goM

a) v=25— x — 69—
h 1km 3600 s S
b) v—150 KT, 1000m 10 _ 4y
h 1km 3600s S
o) y—20M tkm  3600s_,,km
s 1000 m Th h
d) v:SOEx 1km ><36003 _180k—m
s 1000 m 1h h

Unit of (E) = J = kg m? s

1
Unit ofE mv?* = unit of (m) X unit of {1?)

2
m
= kg X [E] = kg m?s?
The formula for kinetic energy is therefore homoge-
neous.

a) = 1micrometre
b) t=1femtosecond

¢) m=1microgram

a) I=1km
b) E=1MJ
¢) P=1GW

Unitof (T): s
Unit of (g): m/s?

Unit of | _ [ Unitof () _
g\ Unitof (g)
—Jsf =s

The formula is homogeneous.

m s

— =.mx=

n/z m
s

F

Ax
Unitof (F,) N
Unitof(Ax) m

The unit of the spring constant kis the newton per
metre (N/m).

Unitof k =
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Section 7.6 °s

Scalar quantities and vector quantities Force Vector
@ Textbook, p. 177 Mass Scalar
Velocity Vector
.. . Acceleration Vector

1. Scalar quantities are completely defined by a real -
Energy Scalar

number and a unit of measure. Vector quantities are
characterized by direction and also by magnitude

and unit of measure. B 4. Giventhat mass is a scalar quantity, and velocity

is a vector quantity, their product is a vector quan-
tity. When a scalar and a vector are multiplied, the

2. These are said to be vector quantities because they X
resultis a vector.

require a vector to be completely defined.

3. Scalar quantities: length, area, volume, mass, I 5. p=mX v=>Unitof(p)=Unitof (m) > Unit of ()
time, work, energy, power, frequency, period, angle,
index of refraction, convergence, etc.

Vector quantities: position, displacement, speed,
acceleration, force, etc.

Unit of (p) = kg x %: kgm s’

The unit for momentum is the kilogram-metre
per second (kg m s™).

4. Avectoris characterized by:

. . . . . 2
e its magnitude, which represents its quantity B G F— Gm1'2n2 -G = Fr
* its direction, which is that of the line and arrow- r mm,
head Carry|ng the Vector Unit Of G _ Un't Of (F) X Un|t Of (rZ) B

Unit of (m,) x Unit of (m,)

C!lapter 7 _ Nxm_gmsixmt
Sizes and Units “lgxkg  koxkg @
{2 Textbook, p. 182 The unit of the gravitational constant is: m* kg s,
B e e s RS
21
10 zetia z Diameter of the cylinder (D) = height of the cylinder (h)
10° deca da — 39 % 103
10 femto f n m
103 milli m . . Mass (m)
, Relative density {p) = ——
10° giga G Vi Volume (V)
107 deci d )
) D
V=axrxh=nx|=| xh
® 2 Information I Basic Sl unit 2
Unit based on a property second 3 2
of the caesium 133 atom =1 X M] %x39%10°%m
Unit defined in relation to metre
a distance travelled by light =466 x 10° m®
Only unit defined in relation kilogram '
to a material standard p= m_ kg =22 x10* kg
Unit that has been modified four times | metre V  4.66 x 10° m® ’
since 1889 3
Most precisely known unit in the Sl second p=215x10 k_g X 10009 X { 1m ] =22 Lz
m 1kg 100 cm cm

¥ 8. If we look closely at the base units of energy and
power, we observe they are the same, except for
the exponent of the second(s). We can therefore
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