Chapter 19 REFRACTION

If 1ight simply bounced off of everything it encountered, our study of
light would now be almost finished. Fortunately, light can penetrate
into different substances which it encounters. {We say fortunately
because many phenomena, like our vision, depend on light’s ability to
penetrate.) So most generally, two things happen when light
encounters a different substance. Some fraction of the light is
reflected, i.e., it never enters the new substance but moves off in a
direction that you already know how to determine. The remainder of
the light enters the new substance, but it also changes direction. We
call this penetration and accompanying change in direction the
phenomenon of refraction, and it is this phenomenon which we will
study in detail in this chapter.

You are probably used to the idea of light moving through the air. We
will discover in this chapter that light can move through most any
substance, or even through a vacuum. The substance through which
light moves is called its medium. In cases where light is moving
through a vacuum, we still call the vacuum the medium of the light,
even though this is a rather curious usage of the word.

In the previous chapter you encountered the parabolic mirror, a device
which could focus rays of light by reflection. In this chapter we
will also study the lens, a most important focusing device which works
the way it does because of refraction. The lens has numerous
applications in everyday life: eyveglasses, magnifying devices,
cameras. In fact, there is a very excellent lens within each of your
eyes.

PERFORMANCE OBJECTIVES
After completing this chapter, you should be able to:
1. formulate Snell’s Law and appraise its wvalue.
2. determine the path taken by a ray of light given the direction of
the incident ray, the orientation of the refracting interface, and

the index of refraction of the refractive medium.

3. recognize that light may be simultaneously reflected and refracted
at an interface.

4. demonstrate conditions under which total internal reflection
ocecurs.

calculate the critical angle of various substances.

demonstrate how a prism disperses light in various substances.

~ o o

experimentally determine the focal length of a thin lens.

8. draw ray diagrams and/or use mathematical formulas to find the
relationship between object size, image =ize, object location,
image location, and focal length of a thin lens.
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Obtain a clear plastic block. Loock through it an the printing on
this page.

a. What do you see?

b. Change the angle at which you look through the block. What happens
to the image?

c. Now obtain a calcite crystal and repeat the above. How does the
image seen through the calcite crystal differ from the image seen
through the plastic block?

Note...The calecite crystal behaves in a way abnormal to the behavior
of the plastic block. The light undergoes DOUBLE REFRACTION.
This topic is not covered in the text. If interested, you
can find information in the following texts:

PHYSICS FOR SCIENCE & ENGINEERING by Resnick and Halliday
p-975

Obtain an evaporating dish and a beaker filled with water. Place a
coin in the empty dish. Position your eyes until the coin is just out
of view while looking over the edge of the dish. Now pour the water
into the dish. Results?

Obtain a second beaker. Place this empty beaker in the empty
evaporating dish that has a coin in it. While looking at the coin
through the side of the beaker, pour water into the beaker. Where did
the coin go?

Investigation: REFRACTION (Notes provided. )
a. A complete laboratory report is expected. Be sure data is in
correct table form. Each group (max of 2) is to do their own

investigation.

b. Note...Study Notes I: The Sine, Tangent and Cosine of an Angle is in
this packet.

Read: Section 19-1 Refraction page 391
19-2 Experiments on the Angle of Refraction page 392

Use Figure 19-2, page 393 for the following:

a. What do you use as reference to measure the angles of incidence and
refraction?

b. In which diagram is the incident ray bent the most?

c. How much bending would result if the angle of incidence were zero
degrees?

d. If the angle of incidence could be viewed as changing from zero to
90 degrees, what would be happening to the angle of refraction? Be
specific!

e. Which angle increases at a faster rate? Why?
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f. If the direction of light were reversed (i.e. the light would travel
the opposite direction in each case), in what direction would the
refracted light rays go?

Problems: page 392: #1 page 385: #3 #5

Read: Section 19-3 The Index of Refraction: ©Snell’s Law page 396

Problems: page 399: #6 #8 #10 #11 #13 page 416: #31

Read Section 19-4 The Passage of Light from Glass (or water) to Air:
Reversibility page 400

a. Any difficulty with the discussion? 1If so, see your instructor.

Examine Figure 19-7, page 400

a. Which ray is the incoming ray? Place a plastic block over the
diagram and then using the ray box, shine a single beam along each
of the lines. Now using arrows, identify which way each ray is

going.

b. If you take the final refracted ray and consider it to be the
incident ray, will you get the same refracted and reflected rays?

c. To the right is the same object with an incident ray drawn. Draw

the refracted and reflected rays. (No reference is made to the
relative intensities.)

Problems: page 417: #32 (a must) #34 (ask to see laser photo}

Read: Section 19-5 The Passage of Light From Glass to Water page 403
a. Any difficulty with the discussion? If so, see your instructor.
What is RELATIVE INDEX OF REFRACTION? When would it be useful?

a. Note...See Study Notes: The Relative Index of Refraction

Problems: page 404: #18 #19 page 417: #36
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Light strikes the surface at an angle of incidence of 40 degrees will
pass through the various layers and emerge from the glass (n= 1.5)

into the air. What angle will it be traveling through the air after
it leaves the glass?

|
glass n= 1.9

water n

1.33

diamond n = 2.4

glass n=1.5

air

Read: Section 19-6 Total Internal Reflection page 404

Using the semi-circular piece of plastic from the optics kit, and
power source, shine the light through the optical disc from the
circular side beginning with the angle of incidence at zero degrees.
Rotate the disc until there is total internal reflection. This angle
(the critical angle) is . Using n4q sin 07 = ng sin 09, what is
the index of refraction of the plastic?

Problems: page 417: #37 #38 #39 #40
-In # 38, 5 degrees is in CSZ

Ask to see dropper bottle which is filled with anisole.

How does the index of refraction of ice compare to the index of
refraction of water. Place an ice cube in a glass of water (at home).
Conclusion(s)?

Accurately trace the two rays of
light through the prism drawn

below. The prism has an index of
refraction of 1.50 and is
surrounded by air.
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Accurately trace the ray of light through the air prism surrounded by
glass which has an index of refraction of 1.50

60

70

Trace two rays of light into and out of the
prism at the right.

Index of refraction of prism = 1.50.

Optional...Obtain Appendix Information on
RAINBOWS which explains how water droplets e
produce a rainbow.

Using the optical bench, light source, and prism, examine what happens
to the white light as it passes through the prism. What can you
conclude about the index of refraction for various colors?

Read: BSection 19-7 Refraction by Prisms: Dispersion page 4086

Problems: page 409: #22 #23
418: $#46

Read: Section 19-8 Lenses page 409
19-9 Real Images Formed by Lenses page 412

Examine Figure 19-19, page 412. Identify: H;, H,, 83, S5, F, £

Can you draw a third ray from the object to the image for which you can
predict where it will go after passing through the lens?

Recall how light was reflected by a concave mirror. Figure 18-18, page

382 might be helpful. Can you see the similarities between reflection by

concave mirrors and refraction by convex lenses?

Using the optical bench, parallel beam light source, and glass screen,
place various glass pieces in the beam next to the glass screen. Have
the piece towards the light source while observing the effect on the
screen. If you wear glasses, do the same with each lens.
Investigation: Image Location of a Converging Lens (Notes provided.)

a. A proper laboratory report is expected.
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Using the optical bench, object source, lens, and glass screen, adgjust
the object, lens and/or screen until the image is in focus on the
screen.

a, What would happen to the image if 1/2 of the lens is covered? Try
it and see.

b. Ask instructor for special broken lens demonstration.

Find the image of the object shown below. (The object is larger than
the lens.)

object

b

4 N
2F F \V F 2F

On the enclosed sheet titled: IMAGE CONSTRUCTION OF LENSES, locate
and draw the image using proper ray construction for the six
situations. Indicate whether the imege is real or virtual as well as
whether the image is smaller or larger than the object.

What is wrong with the following diagram?%

] L —

..-,.-—-—-"_'__—_-—-__

piece of window glass e

Problems: page 411: HZ6 #27
413: #28 #29
418: #45 #48 #49 #50 #51 #52

Complete written exercise and then have it evaluated.
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ANSWERS CHAPTER 19

(a) the normal (b) when angle i was the greatest

() no bending when angle i is zero

(d) increasing but at a lesser rate until some maximum angle is reached
(e) angle in air - Why? That’s the way it is.

(f) light would follow a reversed path

(1) angle 1 is angle 2 angle r is angle 4

(3) on the left (5) S.A.B

(6)Y(a) AC is opposite, AP is hypotenuse (b} DF, DP (e} S.A.B. (d) 1.6
(8) appears larger (10Y 1.22

(11) Diamond {(13) slightly more than 1.33299

(31) (a) 20.6° (b) 27.8° (A7 f S O

(32) (a) 80° (b) 11 cm (34) S.A.B.

When neither of the two substances is air.

(18) less than 1 (19) 2.42 (36) 1.486

If it takes you longer than 80 seconds, see instructor.
approximately 43°, approximately 1.52

{37) nothing (38) (a) 8.2° (b) yes (c) It would be smaller

(39) Angle in glass is 50°, ray is reflected at glass-air surface -
thus 1§aves glass to water at 60°

{40) 189 cm

One needs a clear ice cube (with no air frozen in it) almost the same
ray from left leaves prism at 47.2° ray from left leaves at 30°
ray leaving air prism is 18.9° relative to the normal

The double reflected rays emerge going to left. They are parallel to
each other and also parallel to incoming rays.

(22) Is a second refraction (23) (a) 0.6°9° (b) 0.2% em
(46) Ask to see transparency.

3rd ray is drawn from object through center of thin lens to object.

(26) lenses may be made of substances with different index of
refraction

(27) mirror - will not change lens - focal length will increase
(28) (a) at 2F (b) all would be congruent
(28) cut in half

(45) S.A.B.

(48) is greater

(49) (a) between F and the lens (bY S.4A.B.
(50) 4f

(51) Ask to see transparency

(52) S.A.B.




Chapter 17 Investigation — Refraction

When a beam of light passes from one medium to another it may or may
not bend at the surface betwesn the two media.

A beam of light passing from air into plastic, entering along the
normal, is not bent from its path. However, if the path of the beam is
other than along the normaly it will be bent, or refracted at the surface
between the two media. In this investigation we will gather data that
will show us the relationship between the angle of incidence and the angle
of refraction as the light b=2am passes from air into plastic.

Position the semi-circular piece of plastic on top of a piece of
polar graph paper
as shown in Figure
i. The curved
surface of the
plastic should
follow the curved
surface of the
araph paper while
the straight
surface of the
plastic should be
positionaed at the
center of the
graph paper.

fAfiim a single
' -m along the
Nne. mal which will
strike the flat side of the plastic at an angle of incidence of O degrees.
Note the ray path as it passes through the plastic and out into the air. Is
there any bending of the ray? Does the emerging ray from the plastic
continue aleng the same line on the graph paper as the one it followed
before entering the plastic? If there is bending or if the ray does not
follow the same line on the graph paper, make adjustments so that it does.
Now outline the position of the plastic on the graph paper. Use care to not
move the plastic as you procesed with the investigation. (Any questions or
concerns, see instructor now.)

Figurs 1

Move the light box so that the ray strikes the same central point at an
angle of 10 degrees. Record this angle and the angle of refraction.
Position the light box so that the ray strikes the central point at 10
degrees on the other side of the normal. How does this angle of refraction
compare to the other angle of refraction. If they differ by much then the
plastic block is not positioned correctly on the graph paper or the light
beams were not positioned correctly. Repeat, increasing the angle of
incidence in 10 degree steps (as far as possible), making measurements an
both sides.

Plot the angle of incidence as a function of the angle of refraction.
Also plot the sine of the angle of incidence as a function of the sine of
the angle of refraction. Which relationship gives best eguation which can
t" n be used to predict the angle of refraction haven been given the angle
o. incidence. What is this eguation? Predict the angle of refraction using
the equation when the angle of incidence is 33 degrees. Then check to see
how well you prediction matched the actual value.



Chapter 19 Investigation Image Location of a Converging Lens

It has been suggested that a lens can gather light from an object, ben
this light according to the laws of refraction in such a manner that either
a real or a virtual image is formed._ The location of the image can be found
using the mirror formula: §; S, = <.

In this investigation we will first find the focal length of a lens.
Then we will make some predictions as to image location based on the
position of the object. Finally we will check the predictions.

Determination of the Focal Length of a Lens

You will need the short optical bench, light bulb, mirror, and cork
with a hole and cross-wires mounted in a holder that we used to determine
the focal length of the concave mirror. In two other holders will be
mounted a plane mirror and your lens.

FPlace the light bulb at one end of the optical bench. FPlace the cork
with hole and cross—-wires near it with the white cardboard side away from
the bulb. FPlace the mirror about 25 cm from the cross-wires. The lens is
then placed between the mirror and cross—-wires. Align the light, hole with
cross—wires, lens, and mirror in such a manner that the light passing though
the lens will be reflected back through the lens and strike the white
cardboard surface on the cork.

Ad just the position of the lens until a sharp image of the cross—wires
1s focused on the white cardboard near the cross—-wire opening. The object
will now be situated in the focal plane of the lens. Under this condition,
rays from any point on the object will emerge from the lens as a parallel

beam. They are then reflected back through the lens and brought to focus in
the same plane as the object. The distance between the lens and the screen
now gives the focal length of the lens which is ___ cm.

A Prediction - Image Location

With the known focal length of your lens, predict the position of the image
(on the meter stick) if the object (light bulb) is placed at the S cm, 15
cm, 25 cm and 35 cm mark of the meter stick. {(The lens is to be placed at
the S0 cm mark.) Record all information in table form listing: focal
length, object and image distances, and object and image location on the
meter stick for the above listed object positions.

Show your predicted values to your instructor before proceeding further.

Verification - Image Location

Set up a student optical bench with your lens mounted at the S0-cm mark

on the meter stick. Place the light source at the 5 cm mark on the meter
tick. Next, place the screen where the predicted image will be. Finally
arn on the light and see if your prediction is correct. Record the actual

image position and indicate how well you did. Trouble? See your
instructor. Repeat for the other object positions.



1.

THE SINE, SINE AND TANGENT OF AN
ANGLE

The text briefly discusses the
definition of a sine of an angle as
Snell’s law is developed. The sine

is related to the geometry of a right
triangle.

In a right triangle, the sine of an
angle is the ratio of the length of
the side opposite the angle *o the
length of the hypotenuse. The cosine
of an angle is the ratio of the
length of the side adjacent to the
angle to the length of the

hypotenuse. The tangent of an angle
is the ratio of the length of the
side opposite to the length of the
side adjacent to the angle.

Thus referring to the diagram,
for angle B:

we see

sin B = b/c cos B = a/c tan B = b/a

and for angle A:

sin A = a/c cos A = b/c tan A = a/b
of the
boundary
right
use the

as the

One way to analyze the path
refracted light at a
involves construction of
triangles. Most often, we
line normal to the boundary
adjacent side of the triangle and the
path of the light ray as the
hypotenuse. The triangle is
completed with a line parallel to the
boundary as in the figure below.

to
the
the

In many situations, you will need
construct such triangles and use
sine, cosine, and tangent to find
required quantities.

Chapter 19 Study Notes

' 6

LituT PATH

BounNDARY

11.

THE RELATIVE INDEX OF REFRACTION

The relative index of refraction, as discussed
in the text, is useful when solving refraction
problems involving two media, neither of which
is a vacuum or air.

Buppose we have light moving from diamond into
quartz crystal.

b/ TianenP
!
BourionryY

(
: QUARTE
|

Snell®s law says that
Nat ameng SiN Qusumana = Nguarte SIN Oiuires
s0

sin Q941 amena Maviar-tx

sin eql.aur— tx Nt mmeona

Thé value of the ratic of

Nausres 7 N a1 ;amena

is called the relative index of refraction {for
light going from DIAMOND into @QUARTZ. Its
value is

1.46/2.42 = 0.605

Relative indices of
because you can
Snell’s law.

refraction are elegant
plug them directly into

They are more elegant that
So when solving
Snell’s law in
ABSOLUTE indices

however .
problems, use
involving both

useful ,
refraction
the form

N, sin ©, = N: sin 9=
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SUPPLEMENT TO CHAPTER 3, SECTION 10:
DERIVATION OF THE LENSMAKER'S FORMULA

The following derivation involves no more than cross the axis of the lens at a common point (principal
Snell’s law, geometry, and radian measure. focus), it is only necessary to consider one of these
Since all rays parallel to the principal axis of a lens rays in deriving this formula.
- R

_ i

The above diagram is too small in the lens region With a thin lens all of these angles are very small and
through which the ray passes, so it is necessary to thus the angles in radians may be substituted for the
enlarge and exaggerate the angles in this region. sines of the angles:

The refractions of the ray at both surfaces 4 and B
are described respectively by Snell’s law as (@ £1 = n X £2

(b)) £4 = n X £3.

sinl = nsin2
sin4 = nsin3

A-8



The next step is to reduce these equations to one
equation with angles 1, 5, and 7 only. Additional
lines have been drawn parallel to the axis of the lens
and the equal angles thus formed have been labeled
with the same number for simplicity. Adding (a)
and (b) gives £4 + £1 = n(£L2 + £3), but since
L4 = L5+ £T7 and £3 = 45+ £6 = £5 +
L1 — Z£2, this equation (by substitution) is £5 4
LT + L1 = n(L2 + £5 4+ £1 — £2). By re-
arranging terms and factoring £7 = (n — 1)(£5 +
Z1). From the first drawing we can see that the lines
marked s and s’ in the second drawing and the length
of the corresponding arcs are all so nearly equal that
they can be considered equal. Also, since it doesn’t
really matter to what point in the lens f is measured
for a thin lens, a convenient arc was drawn about the
focus and f is measured to this arc. Thus, upon
substituting the ratios of arcs to radii for the angles
in radians the following equation is obtained:

¥ s’ 5
Fme-n(g+5)

which gives the desired formula upon dividing each
term by either of the equalities s or 5':

R P L R
7_( l)(R2+R1)

It should be noted that the index of refraction, n,
used in the above derivation is the relative index of
the lens material and the medium in which it is
immersed. Thus, if there are two different media on
either side of the lens the first fuctoring in the deriva-
tion could not be done. Diagrams which better
portray these ideas are shown below:

(Mair = 1.00, nyger = 1.33, and ng,.. = 1.5)

|

k

- » |
o f=R —uf
water . | ':water
3 F— £f=3,85R
= =i water
alr r = =
- > |
f=1,98 R—=
- air
water .. —
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£ m SEEING THE LIGHT:

will, and Stork

ography, Color, Vision, and Holography

(Harper & Row, Murch 1985)

TEY IT for Sect. 3.50 — Aberrations of a Magnifying Glass

You will need a focusing lens, such as & magnifying glass, preferably of
large diameter. Image the grid of a window with sunlight shining through,
onto & piece of paper. Can you get every point of the window grid in focus at
once, or does one position of the paper provide a better focus for some parts,
and other positions for others? What aberration is this? Do straight lines
of the grid image as straight lines? If not, what type of distortion do you
have? Does twisting the lens slightly affect the aberrations? Why should it?

Make a point source by covering a light source with aluminum foil with a
pinhole in it. Image this source on a pilece of paper. How sharp an image can
you make? Is there spherical aberration? Can you see any colors around the
image? What happens to the image when you twist the lens? What kind of
aberrations can you see?

Look through the lens at the lines on a plece of ruled paper. The lens
should be just far enough from the paper (somewhat beyond a focal length) so
that the image is inverted. Your eye must be far enough from the lens so that
the image is in focus for you. What kind of distortion do you see? Now move
the lens closer to the paper (a little less than a focal length away) and
examine the distortion again (also see Fig. 3.37).

How can there be distortion without any stop evident? The answer is that
the pupil of your eye is usually the stop when you are looking through the
lens. Because of this stop, a lens sometimes gives a better image when you
look through it than when you use it to project an image. You can see this
effect best with a large lens. Try itl

TEY IT for Sect. 4.5A — Measure Your Shutter's Exposure Time

We describe here a way to measure the exposure time that makes use of
your TV, Television pictures are "painted” on the screen by scanning (see
Sect.6.3B) successive horizontal lines. A picture consisting of alternate
lines of one complete frame is scanned in 1/60 second, and the remaining lines
of that frame are scanned in the next 1/60 second. (In Europe this time is
1/50 seconds) Thus it takes 1/30 second to scan a complete picture, but the
surface of the tube is covered from top to bottom once every 1/60 second.

To test a fast exposure speed (above 1/60 second), take a picture of your
TV screen so it fills most of the frame. (Include in the picture a small card
on which the shutter setting is written, so you will know it after develop-
ment.) From the developed picture you can judge what fraction of the TV ple-
ture is exposed. The shape of the bright region will be different, depending
on the type of shutter you have.

If you have a between-the-lens shutter, you will get a horizontal band of
properly exposed picture across the TV tube image. You may get a strip of
picture in the middle of the tube, or part of the picture may be at the top
and part at the bottoms (Count only the well-exposed part of the plicture ——
the whole screen may actually show more faintly because it continues to glow
even after the scanning beam has woved on.) For example, you may find that
your exposure gave a strip of picture 1/4 as high as the full TV screen. The
exposure time was therefore (1/4) x (1/60) sec = 1/240 gec. If this is the
result when your shutter was set at 1/250 sec, it is working pretty well, as

shutters go. For more accuracy, count the number of scan lines in your photo,
and compute the exposure time from the fact that each line takes

(1/30) x (1/525) sec = 6.34 x 1072 sec,
since in North America there are 525 lines in a frame.

If you have a focal-plane shutter, the picture will be rather different,
because as the TV picture is scanned from top to bottom, the shutter scans it
horizontally. The resulting photograph is a diagonal bright band that is es-
sentially a plot of the shutter's slot position (horizontal) vs. time (verti-
cal), so it tells you everything about the shutter motion. If the shutter
moves at a constant speed, as it should, the band is straight (rather than
curved), The horizontal width of the band measures the width of the slot in
the shutter's curtain. The actual exposure time is the time the slot spends
in front of any one point on the film. Hence, as for the between=the-lens
shutter, the exposure time is measured by the vertical thickness of the band
(Fig. 4.43).

To test the slower exposure speeds, try moving a thin object, such as a
pencil, across the TV screen during the exposure. The result should be a se-
quence of shadows of the object, one for each 1/60 gecond the shutter was o-
pen. For example, if you see four shadows (Fig. 4.44), the exposure time was:

4 x (1/60) gec = 1/15 sec.
A somewhat better procedure is to photograph a glow lamp, which flickers with
each AC current pulse through it, i.e. at 1/120 second intervals. Such lamps
are used, for example, to measure the speed of revolution of hi-fi turnta-
bles. Photograph such a lamp while “panning” the camera (e.g., rotating it
downward) so successive flashes of the lamp expose different points on the
negative. By counting the number of images you get, you can compute the slow=
er exposure times, as above.

Second TEY IT for Sect. 5.2A — Accommodation

With a candle, a dimly-1it room, and &n accommodating friend, you can
study the action of the eyelens. Hold the 1lit candle about 1/3 meter from
your friend's eye, slightly to the side of her direction of gaze. Look care-
fully at the reflections of the candle in her eye. You should see something
like Fig. 5.17. These are the Purkinje images. The first, which is the
brightest, is due to the outer corneal surface. The image is erect, virtual
and smaller than the object. The third Purkinje image, due to the front of
the eyelens, is also erect, though somewhat dimmer than the first. The fourth
Purkinje image 18 due to the rear surface of the eyelens. (The second Purkin-
je image, due to the inner surface of the cornea, is probably too faint to be
seen, )

PONDER: Why are the first and third Purkinje images erect (and virtual) while
the fourth is inverted (and real)?

Have your friend accommodate by focusing on something close, say your
ear. Note carefully the positions of the Purkinje images. Now have her focus
on a distant object, without changing her direction of gaze. Only the fourth
Purkinje image shifts significantly, because accommodation is achieved by
changing the curvature of the rear surface of the eyelens (see Fig. 5.6).
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TRY IT for Sect. 9.6B -— Subtractive Mixtures of a Color With Itself

Using dyes. you can verify that a color mixed with itself subtrsctively
may change its hue, saturation, and lightness. Rather thap incressing the
concentyvution of a dye, it is easler to decrease it -—— to dilute a concentra:-
ed dye. Food coloring is a convenient tramsparent dye. Notice that the high—
ly concentrated yellow dye looks red in its bottle. Compare this color to
that of the dilute vellow obtained by putting a few drops from the bottle .%o
a glass of water.

PONDER: What do you think the transmittance curve of th2 concentrated y=ilow
dve loocks 1ike?

Also try diluting a spoonful of grape juice with a lot of water.

To see what happens when two different colors are mixed subtraciively,
you can mix two colored dyes together, or, more amusingly, use food colizing
and gelatin desserts. First try to guess the resultant color, then add the
dye and mix up the gelatin. Try to draw transmittance curves that explaino
your results.

First TRY IT for Sect. 12.54 — Fresnel Diffraction

With a good point source of light you can see fringes in ordinary shad-
ows. When the screen on which you display the shadows is relatively close to
the object, you see Fresnel diffraction, and as the screen is moved farther
away, the pattern changes into the Fraunhofer diffration pattern.

You can easily see the Fresnel patterns using the coherent light from a
laser beam as a source. To see it in ordinary light, mask the projection lens
of a slide projector by aluminum foil with a pinhole (of diameter about 1)'2 mm).
Shift the foil and change the focus until you get the brightest disk of light
projected on a distant screen.

Use this light besm to cast shadows of simple objects that have sharp
outlines, such a8 a razor or knife blade, a pin with a large round head,
ete. Vary the distance of the object from the screen and observe the change
in the pattern. The thin lines surrounding the main shadow of these objects
are due to Fresnel diffraction. With a straight edge, such as a razor blade,
observe that the intenaity drops off gradually towards the dark side (there is
some intensity inside the geometrical-optics shadow =-- this is the light from
the luminous edgei. Outside the geometrical-optics shadow there are fringes,
which you can think of as interference between the light forming the
geometrical-optics shadow and that from the luminous edge.

Lt the center of the shadow of the shaft of a pim you see constructive
interference of the light from the two luminous edges of the shaft. Fresnel
predicted, on the basis of theory, that an opaque sphere (pin head) should
have a bright spot at the center of its shadow. (At Fresnel's thesis defense,
Poigson opined that the result was clearly ridiculous, hence the dissertation
must be wrong. This "ridiculous” phenomenon henceforth carries the name
“Poieson bright spot.”) The spot is not easy to see — but try ir: Cast the
pinhead's shadow on a piece of tissue paper and view the back of the paper
with a wagnifying glass, looking into the projector. Hold the pinmhead so it
i8 at the center of the brightest part of the beam from the ; ector. Have a
friend move the tissue back and forth rapidly so as to blur rregularities
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of the tissue's fibers.

Another way to see Fresnel diffraction patterns 1s by reexamlning the
floaters you saw in Sect, 5.2, but this time illuwinated by a pinhele. (The
purpose of the pinhole is to provide a point source, which will give coherent
light over = region larger than the floater's size.) Make & -7y wnall pin-
hole in aluminum foli, e.%.,, by crumr’ ‘ng and them flatteniag v .. slcking one
of the swaller holes so produced. dold rhe pintole :luvase fo viur &y<. but
focee yoor eys Leyond 1t -~ don't look at the pishicle ~- snd wplr for floaters
to drifz past. You should see thr 7issnel fringes around the cutline of the
floater, and maybe the Poissoa bright spot. If yo: vary the pinhole distance
from your eye, you can verify chat cthe floaters must be clos¢ to the retina,
because their sizes do not change appreciably.

Perhaps the simplest way to see Fresmel d." raction le to form a narrow
glit between two adjacent fingers. Hold ..e fingers aboui 5 <= from your eye,
and look through the slit while focusing on a distant light source. The dark
lines within the slit are the Fresnel pattern.

Second TRY IT for Sect. 12.5A4 — Diffraction Pattern of a Hole

Tc see the fringe pattern of a circular hole you need a small pinhole in
alumimme foill and a point light source. Place the aluminum foil on a pilece of
heavy paper and gently press the tip of a pin on it to make a tiny hole. For
the light source, mask a light bulb with a larger pinhole, or use a distant
street light, or the sun reflecting in a distant shiny object. Holding the
pinhole very close to your eye, look through it at the light source, and
notice the pattern of diffraction, Try pinholes of various sizes and see how
the slze of the rings varies. Also try pinholes of other shapes, e.g., made
by cutting the foil with the tip of a sharp knife.



1. THE SINE, COSINE AND TANGENT OF AN

ANGLE

The text briefly discusses the
definition of a sine of an angle as
Snell ‘s law is developed. The sine

is related to the geometry of a right
triangle.

Chapter 19 Study Notes

In a right triangle, the sine of an
angle is the ratio of the length of
the side opposite the angle to the
length of the hypotenuse. The cosine
of an angle is the ratio of the
length of the side adjacent to the
angle te the length of the
hypotenuse. The tangent of an angle
is the ratic of the length of the
side opposite to the 1length of the
side adjacent to the angle.

Thus referring to the diagram, we see
for angle B:
sin B = b/c

cos B = a/c tan B = b/a

and for angle A:
tan A = a/b

sin A = a/c cos A = b/c

One way to analyze the path of the
refracted light at a boundary
involves construction of right

triangles. Most often, we use the

line normal to the boundary as the
ad jacent side of the triangle and the
path of the 1light ray as the
hypotenuse. The triangle is
completed with a line parallel to the
boundary as in the figure below.

In many situations, you will need to
construct such triangles and use the
sine, cosine, and tangent to find the
reguired quantities.

BounDARY

LIGMT

I1.

THE RELATIVE INDEX OF REFRACTION

The relative index of refraction, as discussed
in the text, is useful when solving refraction
problems involving two media, neither of which
is a vacuum or air.

Suppose we have light moving from diamond into
quartz crystal.

Snell ‘s law says that

Ndiamond %1 ©djamond = Mquartz SiN @gquartz

s0
:iﬁ_gginmond Nquartz
sin @guartz Ndi amond

The value of the ratio of

Nguartz / "diamond

is called the relative index of refraction for
light going from DIAMOND into GUARTZ. Its
value is

1.46/2.42 = 0.605

Relative indices of refraction are elegant

because you can plug them directly into
Snell ‘s law.

They are more elegant that useful, however.
So when solving refraction problems, use
Snell ‘s law in the form involving both

ABSOLUTE indices

ny sin 0 = no sin 62



Chapter 19 Written exercise

The following information pertains F A

to the diagram at the right. : :
G '

Angle FBA = Angle LEK - 7B
Angle GCB = Angle JED g
Angle FBA > Angle GCB > Angle HDC £ v /IC
J i
The absolute index of refractions are: e . 'D

Medium I: 1.30 :

Medium II: 1.40 v ’,’,;f’?E

Medium III: 1.70 L ,

1. What is the relative index for light going from I into II ?
2. VWhat is the absolute index of material IV ?
3. What is the relative index for light going from IV into V ?
L+ What is the absolute index of material V ?

5. If light could travel directly from material III into V, what would be
the relative index?

The above drawing is a ray diagram for an incoming monochromatic yellow ray traveling
from A to B.

6.

J'? %

9.

10.

Replace the incoming ray with a violet ray. This will cause angle KEL to:

a. increase in size
b. decrease in size
c. remain unchanged

Replacing the incoming ray at A to B with a violet ray will cause the emerging
ray as a whole to:

a. be displaced to the right
b. be displaced to the left

c. emerge from material IV at exactly the same point E as before

The same monochromatic source is placed at 1 and aimed at E.

a. This light will be totally reflected at E.

b. This light will be refracted to point D where it is totally reflected.
c. This light will be refracted to point C where it is totally reflected.
d. This light will be refracted to point B where it is totally reflected.
e. This light will emerge at point B and move along the path BA.

Draw a scaled ray diagram indicating the location of the image of a 0.5 cm
object that is located 9 cm from the principle focus of a 15 cm focal length lens.

Using the optical bench, glass screen, object box, 2 lenses in holders, place the
object box at one end of the optical bench and the glass screen at the other.
Then position the two lenses (that are at least 26 cm apart) between the object
and screen in such a manner that a distince clear image is formed on the screen.

Now make a scale drawing of the set-up. Varify that the object and image(s) in
the actual situation agree with those in the scale drawing.
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The following informaticn pertains F A

to the diagram at the right.

-Angle FBA
Anzle GCB

nou

Angle FBA > Angle GCB > Angle HIC

The absolute index of refractions are:

1.30
1.40

Medium I:
Medium II:
Medium IITI:

/08 1., Vhat
l.¥o 2, TVhat
.72% 3. What
/, 30 L. Vhat
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Angle JED
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is the relative index for light going from I into ITI ?

is the absolute index of material IV ?

is the relative index for light going from IV into V ?

is the absolute index of material V 7

.76% 5. If light could travel directly from material III into V, what would be
the relative index?

The zbove drawing is a ray diagram for an incoming monochromatic yellow ray traveling

from A to B.

6. Replace the incoming ray with a violet ray. This will csuse angle KEL to:

increase in size
decrease in size
remain unchanged

7o PReplacing the incoming ray at A to B with a violet ray will cause the emerging
ray as a whole to:

de
.

Ce

be displaced to the right
be displaced to the left

emerge from material IV at exactly the same point E as before

8. The same monochromatic

a.
b-
£ .

de.

L=

This
This
This
This
This

light
light
light
light
light

source is placed at L and aimed 2t E.

will be totally reflected at E.

will be refracted to point D where it is totally reflected.
will be refracted to point C where it is totally reflected.
will be refracted tc point B where it is totally reflected.
will emerge at point B and move along the path BA.

9. Draw a scaled ray diagram indicating the location of the image of a 0.5 cm
object that is located 9 cm from the principle focus of a 15 em focal length lens.

10. Using the optiecal bench, glass screen, object box, 2 leases in holders, place the
object box at one end of the optical bench and the glass screen at the other.
Then position the two lenses (that are at least 26 cm apart) between the object
and screen in such a manner that a distince clear image is formed on the screen.

Now meke a scale drawing of the set—up. Varify that the object and imege(s) in
the actual situation agree with those in the scale drawing.
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i SAMPLE SET OF PROBLEMS
P iy T T v R B e S R RN G A

REFRACTION OF WAVES

l. Measure angle I & R
a) using wave fronts
b) using rays (you must
draw rays)
2. Calculate "index of
refraction"”
a) using snell's law .
b) using wave lengths
3. What is the ratio of
speed of waves in deep

compared to speed in
shallow water?

L. Draw in the wave fronts
for the part of the wave
that reflects

(indicate direction of
propagation)

%How do you minimize the effect of
measurement error?



HONORS WORKSHEET : LENS/MIRRORS Name mod

Problems 1l-3 refer to an object placed 15 cm in fromt of a converging lens
of focal length 20 cm,

+s The distance of the image from the lens is cm

2. Describe what/where/how the imare exists.

3. If the object is 10 cm high the image is cm high,

Problems li-6 refer to an object loc:ted 30 em in fromt of a spherical convex
mirror of radius 20 cm,

i, The image distance is cm,

5. Describe what/where/how the imare exists,

6, The magnification of the imace is times,

T. The larre telescope at Mi, Palomar has g coneave ohjective mirror of
of diameter 200 inches and radius of curvature 150 ft, “hat is the
magnifyinge powdr of the instrument when used with an eyeriece of foecal
length 0,5 in,?

8. An optical bench pointer 1 em tall is placed at the 55 cm mark on the
meter stick. When a diverging lens is placed at the 0 em mark, an imare
is formed at the £ ecm mark, What is (a) the Toesl lenrth of the lens,
and (b) the size of the image?

9. The dimensions of the picture on & slide are 6.l cm by 7.6 cm. Tiis slide
is to be projected to form an imare 1.5 m by 1.8 m at a distance of @ m
from the objective lens of the projesctor, (a) What is the distance from -
the slide to the objective lens? (b) What focal lencth objective lens

must be used?



Required for PSSC EXFERIENT #

IMAGES FORMED BY A COHVERGING LENSE

By focusing on distant object find focal length for both sides of your lens.
Have your teacher check these values before you proceed with the rest of experiment.
Notice "search light" effect when light source is placed at principal focus. BEs

Measure several values for So & Si ~—————5~ find formula for relationship. Note that
So and Si are measured from focal points on their respective sides of the lens.

Make table to surmarize properties of image for various object positions.

Measure So & Si for one virtual image case. (See Figure #1) Check to see if the
relationship found for real images (in 4- above) also holds for virtual image---
be careful that you are measuring So & Si from their correct focal points. You
must determine which focal point goes with image and which goes with object.

Arrange two lenses so that their principal axis are congruent. Distance between

lenses should be 2 (f1 + ©2). Place object light source at 2f1 and locate final
image. (see Figure #2) Repeat with light at 3f1 and again at 1fl. Explain how

you could determine the position of these images by calculation rather than experimental
megsurement.

Extra: GSomething you think about.

NOTE: IF AVAILABLE YOU CAN RUN DATA ON COMPUTER PROGRAM 'JNTLEN'

Figure #1 Figure ik
Finding Virtuzl Image Iocation of lLenses for Step T-
TALL PIN 4

object fi

' £2
£ ; RS AT &
2 0l i o

“Zfl'—i]ﬁ—-2fl + Zfz-ﬁﬁi

o
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¥Rl
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PSSC Experiment Number 3 - REFRACTION OF LIGHT -

1] Using the semi-circular dish and polar graph paper investigate the
bending of light as it passes from air into water. You should find
a relationship between the angle of incidence and the angle of
refractions NOTE: These angles are measured between the ray of light
and the normal. How can you use symmetry to improve on the accuracy
of your angle measurements? Since more than one conclusion for the
relationship is possible, you should run your data through the
computer program "JNSNEL"., See sample run., We will discuss in class
how you can interpret the output of the computer program.

2] Plot the following graphs:
A) angle of refraction /r versus angle of incidence /i.
B) angle i/angle r versus angle i
C) sine of i?%ine of r versus angle i
In your laboratory report explain the meaning of these graphs.

3] Repeat above using glycerine.
xxx NOTE *** DO NOT ﬁSE POLAR GRAPH PAPER FOR 4 AND 5 BELOW:

4] Trace several rays of light through any transparent rectanglar block
of material. What conclusion can be made about the index of
refraction for light going from air into glass (plastic) compared to
the index of refraction for light going from glass (plastic) into air.

5] Trace a few rays of light through a transparent equilateral prism
of glass, Make any conclusion you can about the passage of light
through an equilateral prism.




REFRAC TION REVIEW SHEET (HONORS)

1, Using the drawing at right, find the .' IN
angle at which the ray leaves : | AIR
the material. _ I

= 1.2 i SUBS TANCE

2. Find the critical angle for
the material in problem #1. 42°

3. If a light ravy is incident to a material at an angle of 520 { n= 1,63)
what is the angle of refraction?

AIR
|
h\}h}/ HATER |
- L]
which the light ray leaves the

e Using the information given in the 65° |
drawing at right, find the angle at \\\\\\“éii
1

tank of water, '

i

|

s

6. Complete the drawing at right after
calculating the angle at which the light—
ray leaves the glass block ( n = 1,6 )
after passing through it,




HonoRS

© 5

Trace the ray thru
the block of glass
n=1,5 At what
angle does it
leave the glass
(from the normal)
1.6., what is the
angle in the air
at the point
where it ~ 5T 5
emerges.

©

Same procedure
as 6.

TJe°
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FERMAT'S PRINCIPLE

Fermat’s principle may provide the basis for
interesting discussions outside of class with students.

The following discussion is related to the time it
takes light to travel from any point 4 to another
point B.

(1) Fermat's principle. as he stated it, applies to
light traveling in a homogeneous medium or to
light reflected or refracted at a single plane surface.
The principle states that the path light actually
takes between A and B is that which requires less
transit time than any neighboring path.

(2) Also related to transit time and covered by
an extension of Fermat's principle, is the fact that
the transit time 1s the same for all light rays which
go through an optical system from one point on an
object to the corresponding point on the image.

Fermat's principle (in its restricted sense of the
light path being a minimum for plane surfaces) can be
used directly ro derive the following:

(1) In a homogeneous medium, light travels in a
straight line.

(2) The laws of reflection. (The proof is given
below.)

(3) The laws of refraction. (The proof in this case
is straightforward. but involves either calculus
or quite complex algebra and is therefore not
reproduced here.)

If you merely mention this principle and all that
follows from it, the imagination of many students
will be stimulated. Some will wonder from where
this powerful principle comes, and whether it has a
deeper. even philosophical significance. Other stu-
dents may wonder how Fermat discovered it. You
can start an interesting out-of-class discussion on
either of these questions.

First we might consider whether Fermat's principle
seems more correct or more fundamental than the
rectilinear propagation of light and the laws of reflec-
tion and refraction. Many students will appreciate
the simple elegance of one rule which leads to three
others that had been only empirical (even though
they explained many phenomena). You can continue

A-10

this discussion by being sure that the students realize
that Fermat's principle is not like a model; it is more
analogous to the laws of reflection or refraction.

Even though you cannot give a recipe indicating
how Fermat discovered this principle, students will
enjoy thinking about the kind of question that must
have motivated Fermat. The question of what is
distinctive about one particular path is typical of a
fruitful class of questions in science. One way to get
insight into why one thing happens is to think about
why other things do not happen. Notice that in
Fermat's case he probably did not get ahead by asking
why light starts off in a particular direction or why
the angle of reflection is equal to the angle of inci-
dence. Instead he asked the rather indirect question:
If light is going to go from A to B (perhaps touching
a mirror first) why does it choose one particular
path? Fermat's principle does not help you decide
that light from A reaches any arbitrary point Bj; it
merely states that if light does go, it chooses a certain
path among the possible ones.

It is not easy to verify Fermat's principle graphically
or analytically unless one is extremely careful and
precise. Instead of discussing numerical examples,
we can try two other applications:

(1) Consider qualitatively the path of a refracted
ray going from A in air to B in a medium with
large index (relatively low speed). Be sure students
see qualitatively that light, to go most quickly,
would take a path in which it was outside the
medium for a longer time than it would be if it
went over the straight path. Note that this discus-
sion makes it possible for students to reason about
whether light bends toward or away from the
normal.

(2) Consider a kinematic problem like “Which
path should a boy take if he wants to reach point
B from point A, if A is in a region in which he can
move twice as fast as he can in the region of B?”
(The region A4 might be ground while the region B8
might be water.) The simplest way to do this is
to think about light, use the “index of refraction”
equal to the ratio of the speeds, and try finding
the path using Snell’s law.
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The fastest path is screwhere between the two indicated. Use
Snell's law with refrective index L/2 = 2 to find the point on

sin (angle to nermel on land
Th ver Dk e ﬁm‘lm)r -2

There is another point which might be worth
making about the time it takes light 1o travel in an
optical system. 1T an optical svstem focuses light
from one point on an object to one point on an
image (1., if the opiical sysiem is free from aber-
rations or distortions), the light which goes from the
object print o the corresponding image point tukes
exactly the same time, no matier which of the many
possthle ray peths it takes, even though the “ruler
distancs” varies considerably, Notice that you can
use this imeresting fact to decide which way light
will bend when it goes through a lens. Since hight
goes more slowly through the glass, the ray which
goes through the thicker part of the lens spends a
long time in plass: during this extra time it spends in
glass, the light which goes through the thinner part
of the glass moves a greater distance in air. In order
1o maie the two umes equal, the ray which spends
more tine in sir must bend toward the ray which
goes through the thicker glass.,

PROOF THAT FERMAT'S PRINCIPLE LEADS TO THE
Laws OF REFLECTION

The first law of reflection, that the incident ray,
reflected ray. and the normal are in the same plane,
i5 an easy result of Fermat's principle in Euclidean
space.

The second law of reflection, that the angle of
reflection is equal to the angle of incidence, must be

time to travel is just the path which is a minimum
distance from A to 8. The shortest distance (rom A to
B s just the straight line from A to 8, but by minimum
we mean the minimum puth between A and 8 which
touches (reflection) the mirror, This is what we must
prove for the equul angle path.

Since the shortest distance between two points is
along & straight line between them, we expect the
path of light from 4 to the reflecting surface to be a
straight line and the path from the reflecting surface
to & to be a straight line. We find the point where
the reflected ray hits the surface by making use of
the point 4', which is the point such that the line
representing the surface is the perpendicular bisector
of AA'. Then for any point D on the line represeating
the surfuce, AD = A'D by simple geometry, But the
distance the light travels is just AD + D8 = A'D +
DB. The location of D such that the distance A'D8
and therefore the distance AD# is a minimum, is the
point E on the line between A° and B. From simple
geometry we have LAEM = LMEA’, and there-
fore, if NN' is the normal to the surface at E,
CAEN = LAEN'. But LAEN' and LNEB are
vertical angles and therefore are equal; so, ZAEN =

ZNER. This is just the second law of reflection, that
the invident ray and the reflceted ruy form angles of
the same size with the normal to the surface at the
point ol rellection.

An attempt to prove that a path near the “equal
angle path'™ is lunger, by using the direet method of
tiking the dilference i bengih between it and the
“equal ungle path™ us & function, say, of the ditance
between the point of reflection of the near path and
the point of reflection of the “equal ungle path," will
end in disaster. It involves squaring an inequality
three times.

Using calulus in a struightforward way to find
the minimum path leads to the equal angle path and
also the direct straight line path between A and B.

An casy physical demonstration that £i = Zr,
when the reflected path is as short as possible, can be
accomplished with two pins, and a piece of thread.

Tie the thread (o one pin. Loop the free end of
the thread around the other pin. Using a pensil,
push the thread toward a line while letting the free
end of the thread slip past pin 8. Pay out as litde
thread as possible to allow the pencil to touch some-
where along the line. Mark the point where the pencil
touches, consiruct the normal, and measure the
angles of incidence and reflection.

pin A
pin B

proved by peometry, Since light, when reflected
stays in one particular medium, the index of refraction
and therefore the speed of light may be assumed to
be constan throughout the path from A to 8, This
means that the path over which light takes a minimum

B
i
A
= |
Mp
' T 7
P
‘."9 N
A-11

The diagram above illusirates the use of Fermat's
principle in the study of refraction and shows the
high precision needed to recognize that the time is
& minimum,

n=1.00

With the particular positions of A ana B shown at
right, path (1) corresponds 1o Sncil’s law. It makes
an angle of 49.2° with the normal. Path (2) is near
the actual path (1) of light as determined by Sncll’s
law, but it makes an angle of 45 with the normal Lo
the surface in air and an angle of 30" with the normal
in the dense medium.  The time it takes 1o go from
A 10 B along the true path (1) is:

00 m + 00m
c=3 X 108m/sec ' ¢/n = 1.68 X 10" m/sec
= 107% 4 179 X 1070 sec = 2.79 X 107 sec.

The time it would take to go from 4 to B along
path (2) would be almost the same:

275/sin 60" m 196/5in 45* m
c/n = 1.68 3 108 m/sec s 16% m/see
= 1.89 X 107" + 092 x 10~*
= 281 X 107 see.

Even lor path (3), the straight line between A and 8,
the transit time would not be very different:

— 275/sin 53* m
¢/n = 1.68 X 10% m/sec
196 /sin 53* m

+ . T 10% m/sec
- 205 X 10~* + 082 X 10" sec
- 287 X 107" s

wo'e

a=1.7
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Name
Chapter 3 Test Date

1. A diamond is emersed in a container of water as shown in the drawing below.
Light is incident on the water surface at an angle of 50° The index of
refraction is l1l.33 for water, and 242 for a diamond.

ae What is the refracted angle of the light ray in the water?

be The light ray in the water eventually hits the water—-diamond surfaces What
is the angle between the light ray which penetrates the diamond and the
normed=to-bhe normal to the water—diamond surface?

ce Part of the light beam which hits the water—diamond surface is reflected
up through the water againe Trace this ray up thro the water and out
into the air labeling each angle of incidence and relraction.
[
|
50°

I
I
af
|
|
|
1

de A light ray is projected upward through the diamond at an angle of LOO
relative to the normal. What would be the angle between the light ray
which penetrates the water and the normal to the water—diamond surface?
- Dl 1 - W S G T S Ve
2. A? gbject 6 mm high is 24 cm to the left of a converging lens of focal length
o cme -

ae Where is the image?

be Is it real or viriual?
ce Erect or inverted?

d. How large is it?

3+ A double convex lens of focal length 20 cm forms a real image 5 times as large
as the object. How far apart are the object and the image?

4e A movie theater projectionist must know how to select the proper projection
lens to fill the screen with an image of the movie film. The picture on the
movie film is 3.4 cm wide. In a particular theater the screen is 10 m wide
and is located 30 m from the projector.

a. What magnification is needed to fill the projection screen?
be What object distance is needed to produce this magnification?
— ¢e What should be the focal length of the lens?
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Chapter 19 Test Date

A diamond is emersed in a container of water as shown in the drawing below.
Licht is incident on the water surface at an angle of 50°, The index of
refraction is le.33 for water, and 2.42 for a diamond.

ae What is the refracted angle of the light ray in the water?

be The light ray in the water eventually hits the water—diamond surface. What
is the angle between the light ray which penetrates the diamond and
the normal to the water—diamond surface?

ce Part of the light beam which hits the water—diamond surface is reflected
up through the water again. Trace this ray up through the water and out
into the air labeling each angle of incidence and reiraction.

g

AR

warze

L
/ci

|
|

]
Vi

de A light ray is projected upward through the diamond at an angle cfzﬁp
relative to the normal. What would be the angle between the light ray
which penetrates the water and the normal to the water—diamond surface?

An object 6 mm high is 6 cm to the left of a converging lens of focal length
of 8 cm.

a« Where is the image?

be Is it real or virtual?

ce Erect or inverted?

de How large is it?

A double convex lens of focal length 20 cm forms a real image 2 times as large
as the object. How far apart are the object and the image?

A movie theater projectionist must know how to select the proper projection

lens to fill the screen with an image of the movie film. The picture on the
movie film is 3.4 cm wide. In a particular theater the screen is 10 m wide

and is located 30 m from the projector.

a. What magnification is needed to fill the projection screen?
b. What object distance is needed to produce this magnification?
¢+ What should be the focal length of the lens?
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1 A diamond is emersed in a container of water as shown in the drawing below.
Licht is incicent on the water surface at an anrle of 50°. The index of
refraction is le33 for water, and 2.42 for a aiamonce

ae What is the refracted angle of the light ray in. the water?
.f’—,jb. The light rey in the water eventually hits the water—diamond surface. What
— is the anrle between the lizht ray which penetrates the diamond and
he normal to the water—diamond surlace?

@c. Part of the light beam which hits the water—diamond surface is reflected
up through the water again. Trace this ray up throuth the water and out
into the air labeling each angle of incidence and refraction.

l
\\Q \ 600 : : :
(A
1
/0 Siee 60°%= /.33 sim 8, \ [

J10 Sim 60° = .42 s B
92 = 20.97°

DY 51 Y29 f‘3.35‘1.¢93

' @)d. A light ray is projected upward through the diamond at an angle of 426
relative to the normal. What would be the angle between the light ray
which penetrates the water and the normal to the water—diamond surface?

2. An object 6 mm high is 4 cm to the left of a converging lens of focal length

MD‘= G Lad g Gf 8 Cllle e e e
- S
S0z ol oo " Sblil- M = G‘IM o EBET or LénNi
o 11 . =
c.8 (2)ae Vhere is the image? a0 2 e et

£ x (JDbe Is it real or@

(D ¢e EiredD or inverted? = Apar
ve W2 L——-‘“MI 2
(1) de How large ig it? He = So "R i @

$-20ema 3, A double convex lens of focal length 20 c¢m forms a real image 2 times as large
as the object. How far apart are the object and the image? -
1-'-% S = Yo ean Se = -'f_-_mm.. Dy » Yoo v Yocem » FDteen = £70 i

Le A movie theater projectionist must know how to select the proper projection
lens to fill the screen with an image of the movie film. The picture cn the
movie film is 3.4 cm wide. In a particular theater the screen is 10 m wide
and is located 30 m from the projector.

"—

Mo =3 qci\, (3 ae« What magnification is needed to fill the projection screen?
= -
@ be What object distance is needed to produce this magnification?

©/¢s What should be the focal length of the lens?
A % (c) * Ao £ L Ao 7
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A diazmond is emersed in a container of water as shown 1n the drawing below.
Light is incident on the water surface at an angle of 55°% The index of
refraction is 1.33 for water, and 2.42 for a diamond.

a. What is the refracted angle of the light ray in the water?

be The light ray in the water eventually hits the water—diamond surface. What
is the angle between the lisght ray which penetrates the diamond and
the normal to the water—diamond surface?

ce Part of the light beam which hits the water—diamond surface is reflected
up through the water againe Trace this ray up throu;h the water and out
into the air labeling each angle of incidence and reifraction.

552
#fn.

|
|
[
i
| waTerR
|
|
|

1
|

35°:

de A light ray is projected upward through the diamond at an angle of 350
relative to the normal. What would be the angle between the light ray
which penetrates the water and the normal to the water—diamond surface?

An object 6 mm high is 20 cm to the left of a converging lens of focal length
of 8 cm.

2« Where is the image?

be Is it real or virtual?
ce Erect or inverted?

de How large is it?

A double convex lens of focal length 20 cm forms a real image 4 times as large
as the objecte. How far apart are the object and the image?

A movie theater projectionist must know how to select the proper projection
lens to fill the screen with an image of the movie film. The picture on the
movie film is 3.4 cm wide. In a particular theater the screen is 10 m wide
and is located 30 m from the projector.

a. What magnification is needed to fill the projection screen?
b. What object distance is needed to produce this magnification?
ce What should be the focal length of the lens?
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1« A diamond is emersed in a container of water as shown :mot.he drawing below.
Light is incidcnt on the water surface at an angle of 55« The index of
refr_.cL on is l.33 for water, and 242 for a diamond.

; vV
a. What is the refracted angle of the light ray in the water? 5%.0

W w

be. The light ray in the water eventually hits the water—-diamond surfaces What
is the an;le betwzen the licht ray which penetrates the diamond and m_q‘l,
the normal to the water—diamond surface?

7 c¢. Part of the light beam which hits the water—diamond surface is reflected
up through the water againe. Trace this ray up throuth the water and out
into the air labeling each angle of incidence and refraction.

| =
@ F5° : ': 550/9/
! I :

N, WO =Ny 5w By s

.o sSww S52= 133 s D2 1.33

&, = 380" :

2 «35°= /.335m &
l.o 55S° = 242 2w O3 2.4 Si 38 . e o

9_3 :,?f?‘g

3 de A light ray is projected upward through the diamond at an angle of 350
relative to the normal. What would be the angle between the light ray
which penetrates the water and the normal to the water—diamond surface?

2+ An object 6 mm high is 20 cm to the left of a converging lens of focal length

Ho= larn of 8 cm. -5 ot - —
sos £ i B TTN  (Rrsem nigs f05)

So = e 3 a. Where is the image? 7RO S
£ Sowe F 5
Si-_ | be Is 1t@ Oor virtual?

@ { ¢. Erect or

3 d. How large is it? Ho = $Ho | Sewm ¥ Comr Lot yry

So 1L cana

¢ A double convex lens of focal length 20 cm forms a real image 4 times as large
w_ QZ_'D as the objecte How far apart are the object and the image?
Sc = FBocan san ¥ vl D7 = FOtUw T S + H0uw = [25emns
Lo A movie theater projectionist must know how to select the proper projection
lens to fill the screen with an image of the movie filme. The picture on the
@ movie film is 3.4 cm widees In a particular theater the screen is 10 m wide
and is located 30 m from the projector.
e < 3.k 3a. What magnification is needed to fill the projection screen?
= . e 3 be What object distance is needed to produce this magnification?

L

5. = 2ou 3 c. What should be the focal length of the lens?
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A diamond is emersed in a container of water as shown in the drawing belows.
Light is incident on the water surface at an angle of 47 . The index of
refraction is 1.33 for water, and 2.42 for a diamond.

a. What iz the refracted angle of the light ray in the water?

be The light ray in the water eventually hits the water—diamond surface. What
is the angle between the light ray which penetrates the diamond and the
normal to the water—diamond surface?

ce Part of the light beam which hits the water—diamond surface is reflected
up through the water again. Trace this ray up throu h the water and out
into the air labeling each angle of incidence and refraction.

Al

WATER

de A light ray is projected upward through the diamond at an angle of 20°
relative to the normal. What would be the angle between the light ray
which penetrates the water and the normal to the water—diamond surface?

An object 6 mm high is 22 cm to the left of a converging lens of focal length
of & cm.

as« Where is the image?

be Is it real or virtual?
ce Erect or inverted?

de How large is it?

A double convex lens of focal length 20 cm forms a real image 4 times as large
as the object. How far apart are the object and the image?

A movie theater projectionist must know how to select the proper projection

lens to fill the screen with an image of the movie film. The picture on the
movie film is 3.4 cm wide. In a particular theater the screen is 10 m wide

and is located 30 m from the projector.

a. What magnification is needed to fill the projection screen?
b. What object distance is needed to produce this magnification?
c. What should be the focal length of the lens?
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A ray of light travels s
from medium P into P
medium Qe.and is
refracted toward the
normal.

Medium P
Medium Q

Consider the following
statements:

I, sin i/sin r;= vp/vQ

II. sin i/sin r = VQ/VP

TELE. N> %
Iv. vQ > Vo

Which combination of the above statements is true
according to the particle model?

(A) I and III only

II and IV only

¢C) I and IV only
(D) 1II and III only

(B) None of these.

A small radioactive source emits beta particles
uniformly in all directions such that the average
number passing through a small opening at a distance
of 10 em from the source is 180/s. If the source were
moved a further 20 cm from the opening, the number of
beta particles passing through the opening each second
would be

(B) 45
(c) 60 s
(D) 90
(E) 180

B o 3E B s EaB T

B'E.. 9.& KAT

Name

The intensity of illumination from a point source
varies directly as the power of the source and
inversely as the square of the distance from the source.

Two small light sources, S: of 20 W and S; of 10 W are
placed 3 m apart. A light meter is placed one metre
from S; on the line joining S;S:. The light meter is
turned so that it first faces S; and then S:. -The
intensities I; and I, of light falling on the meter are
measured.

o lm | Z2m

S1

—0
S

light meter

The ratio of the intensities I,:I, will be

(A) 1:4 ]

(B} 1:2 '
3 O T

(D) 4:1

@

The particle model of light requires some or all of the
following assumptions:

I. The particles are small in size compared to the
spacing between them.

II. The particles have very small mass.
III. The particles are travelling very quickly.
A beam of red light is observed to pass through a beam

of blue light, In order to explain this observation,
which of the above assumptions is/are required?

I only
(B} IIT only
(C) I and II only
(D) I and IIT only

(E) I, II and III



«ne intensity of illumination is observed to be ¥

units at a distance d from a source. What is the

intensity at a distance 0.5 d if the power of the 8
source is doubled?

On the basis of the particle model for light, which
2f the following is the most suitable speed-time
graph to describke the predicted behavior of a

(A) 0.5 % "particle" of light when passiag from GLASS to AIR?
(B) ¥ NOTE: The index of refraction of glass is 1.5 and
t; is the instant when the particle crosses the glass-
(c) 2y air boundary. The speed of light in air is 3 x 10* m/s.
(D) 4y R
= (A) 5 x 10! (B) 5x 16 }
(E) ) 8Y '
(@) | T
'521:10' ?!‘lul_
¥ix 0 ;z e | _-_L____
g g1=ae’
A light beam is observed to travel in a straight line = o ; & g "
from a source A to a screen B 2.0 m away. A small Siis =t 1
sphere projected from A toward B at a speed of 20 m/s b e
follows a parabolic path and strikes the screen below :
B. If we are to adopt a particle model for light, then () S x 10 D) 5 xlo'}
on_the basis of these observations only it must be 4 10" P |
concluded that 23 % 30! it 5
Sy a0t f— i:x::: R
Iy =
(A) the particles have very small mass 21 1ot E L
(B) / the particles are travelling very much faster than # v 5 T R i
20 m/ﬂ Time Tinm —=
(C) the particles have very small momentum Cﬁ?ﬁ s x 10}
4 x 10% L |
(D) the particles have a very large energy compared to 334100
that of the sphere 32 % 10"}
: : 3 v}
(E) a particle model is unsatisfactory 51 '1:
¥y
Tine =

Two identical lamps, X and ¥, are located at the
centres of two hollow spheres. The sphere around
X has a radius of 300 cm and the sphere around ¥
has a radius of 200 cm. For a fixed time interval,
what is the ratio of the total amount of light

A simple particle model for light can account for all of g9
the following phenomena but one. Which one is not
accounted for?

{A) The intensity of light from a point source varying

inversely as the square of the distance from the
source.

Color effects in thin soap films.
Radiation pressure.
Snell's law of refraction.

The formation of multiple images by two plane
mirrors.

striking sphere X to the total amount of light
striking sphere ¥Y?

(A) 2:3
(B)) 1:1
(C) 3:2
(D) 9:4

(B} 4:9



