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Class Status Report
You’ve demonstrated the ability to recognize direct relationships between basic parameters of 
wave motion, but had trouble when the relationships were less direct and you missed the 
fundamental point that EM waves are transverse waves.

You didn't show an understanding of the purpose or value of ray diagrams.  Many diagrams were 
drawn without enough rays to locate the image and/or had rays drawn incorrectly

You haven't shown the ability to use geometry to guide your calculations.  A carefully drawn 
ray diagram and use of geometry would have lead to solutions for 2b, 2d, and 4b

You seemed to have trouble applying concepts you've learned to unfamiliar situations.  You need 
to be able to apply the equations you've learned in many different ways, such as calculating the 
reflection losses off multiple surfaces, or thinking critically about the reason for the tilted 
windows.

Many calculation in question 4 part b were inconsistent with what the ray diagram in part a 
should have shown, but you seem to trust your calculation more than your ray diagramming -  
It is important to have a mental picture to guide your calculations and to always be critical of 
your results when they are inconsistent.

I’m now getting the picture that the homework has not been as effective as I’d like  -- 
Homework answers have consistently mirrored the solutions available in the back of the book, 
and many students who are struggling with the homework are not seeking help (in office hours 
for example).
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Addressing these issues

Ray Diagram practice, practice, practice…

Midterm 1.1

Same content as midterm 1.0

Best score of midterm 1.0 and midterm 1.1 
will be used as your grade for midterm 1

Exam will be given unannounced in class

Change in homework assignments
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1. An electromagnetic wave is described by the equation

E(x, y, t) = 30 V/m k̂ sin(8.74! 106m!1x + 6.56! 106m!1y + 2.73! 1015s!1t)

a) What is the direction of the electric field?

b) What is the (linear) frequency of the wave?

c) What is the wavelength of the wave?

d) How much power could be extracted from this wave by a 2 square meter solar cell if the
cell had unit e!ciency and was oriented normal to the wave?

Physics 158, Midterm 1, Fall 2006 Page 2 of 9

sn.

Midterm Review - Problem 1
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2.

opaque wrapper

beverage

opaque cap

promo code

A beverage company is running a promotion where they write
a promo code on the bottom of a (thin walled) glass bottle
(ng = 1.5). The beverage has an index of refraction of 1.3, and
the 8cm diameter bottle is filled to 15cm.

a) Draw a ray diagram for the rays coming from the promo
code on the bottom of the bottle. Include all rays necessary to
illustrate what is happening in the following questions.

b) How far below the surface does the promo code appear to
an observer looking straight down from the top of the bottle,
after having removed the opaque cap?
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c) If the bottle has a wrapper around the bottom that is intended to prevent people from
viewing the promo code through the side of the bottle (requiring them to purchase the bottle,
open the top and view it from above), how high up the side of the bottle must the wrapper
extend so that the promo code can’t be viewed through the side (assume the promo code is
written very small so that it can be thought of as being located at a point at center of the
bottom of the container)?

d) Describe how a clever person could view the promo code without opening the bottle or
removing the wrapper.

Physics 158, Midterm 1, Fall 2006 Page 4 of 9
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3. A Laser oscillator is an optical amplifier inside of a resonant
optical cavity. On each round trip through the optical cavity
power must be amplified by a fractional amount that is at least
equal to the fractional round trip losses of the cavity for the
laser output to build up. A common laser is a Helium-Neon
laser consisting of a tube of gas, with windows on either end that are oriented at an angle and
placed between two mirrors.

a) What reason is there for orienting the windows on the gas tube at an angle?

b) Assuming the Helium-Neon mixture has an index of refraction of 1, and the glass windows
have an index of refraction of 1.55, what angle should the glass windows be oriented at?
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c) In what direction is the output polarization of this laser?

d) What is the total round trip loss due to reflections from the windows for each polarization
component?

Physics 158, Midterm 1, Fall 2006 Page 6 of 9
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d) What is the total round trip loss due to reflections from the windows for each polarization
component?

Physics 158, Midterm 1, Fall 2006 Page 6 of 9



4.

aperture stop & entrance pupil
f1=100mm

x2=300mm

!2=75mm

x=0

h=25mm

x1=200mm

!1=100mm

f2=-200mm

+ + + + + + + +

exit pupil

.
A series of two lenses is arranged as shown. The position, focal length and diameter of each lens is
given in the diagram. An object of height 25mm sits 200mm to the left of the first lens.

a) Draw a ray diagram including as many rays as necessary to support your answers to the following
questions

b) Describe the image. Where is the image located, is it upright or inverted, and how large is it?
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c) Where is the aperture stop in this system. What is its diameter? Make sure to support your
answer by drawing the marginal ray in your ray diagram.

d) Where is the entrance pupil? What is its diameter? Make sure to draw it in your ray diagram.

e) Where is the exit pupil? What is its diameter? Make sure to draw it in your ray diagram.
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Ray Diagram Practice 1
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A fish is in a fish tank filled with water.  
Where is the image of the fish as viewed 

from the left? from the right?

Due Thursday 10/19/2006
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Ray Diagram Practice 2
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•
f1

•
f1

An object seen through a 
diverging lens
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Ray Diagram Practice 3
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•
f1

•
f1

An object seen through a 
converging lens
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•
f1

•
f1

•
f2

•
f2

An object seen through a pair 
of converging lenses
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Ray Diagram Practice 6
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•
f1

•
f1

•
f2

•
f2

An object seen through a pair 
of diverging lenses
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Ray Diagram Practice 7
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An object seen through a thick 
glass window
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Ray Diagram Practice 8
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An object seen in a pair of 
slightly misaligned mirrors


