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Announcements

1. Fourth hour exam scheduled for Friday 4/15/05  

The following students have arranged to take the exam on the alternate 
date:    Lesly Bankson, Daniel Blackburn, Tripp Cockerham, Drew 
Harston, Sylvia Holcombe, Eric Jewett, Laura Millns, Rachel Morgan,  
Yee Yee Pu, Chris Vellano

Prepare equation sheet
Review homework and class examples
Formulate and find answers to your questionsFormulate and find answers to your questions
Previous exam

2. Problem solving session at 6 PM in Olin 101?????

3. Topic for today -- Review of Chapters 35-38
Geometrical optics
Interference and diffraction
Special theory relativity
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Advice:

1. Keep basic concepts and equations at the top of your head.

2. Practice problem solving and math skills

3. Develop an equation sheet that you can consult.

Equation Sheet
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Problem solving steps

1. Visualize problem – labeling variables
2. Determine which basic physical principle(s) apply
3. Write down the appropriate equations using the variables 

defined in step 1.
4. Check whether you have the correct amount of 

information to solve the problem (same number of 
knowns and unknowns).

5. Solve the equations.
6. Check whether your answer makes sense (units, order of 

magnitude, etc.).
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Geometrical optics
•Basic physics reflection (mirrors) and refraction (lenses) of EM
radiation
•Ray diagram traces the propagation vectors of EM radiation 
•Focused images (real and virtual) using mirrors and lenses
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equationlens thin andMirror 

Examples:  spherical mirrors

Note:  sign conventions 
are important for this 
equation.
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Sign conventions

Mirrors:                                                        Lenses

p,i> 0                 p,i<0

real image         virtual image     

f>0 for concave

f<0 for convex

−i

p f

p> 0  i<0               p<0  i>0

virtual image         real image

f>0 for converging

f<0 for diverging
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View of the eye from 

http://science.howstuffworks.com/eye1.htm

object image on 
retina
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object

image in front of retina  need 
diverging corrective lens

Vision problems and corrective lenses

Ideal vision:

Near sighted vision – problem with “Far point”

object

Far sighted vision – problem with “Near point”

object image in back of retina  need 
converging corrective lens
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Refraction from two or more lenses

Successive use of lens equation 
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image on 
retina

object

More details about eye:

variable lens

cm5.2≈i

“near point” ≡ closest point that the eye 
can focus  

25 cm standard value
7-200 cm depending on person
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Physics of the microscope
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Physics of the microscope
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Eyepiece:

p'≅fe−x
i'≅ −xnp

xnp≡ “near point” distance
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Physics of the microscope

e

np

o f
x

f
smmM −

=′=

:ionmagnificatNet 

5.312
20
250

6
150

mm150                   
mm;20   mm;6    :Example

−=−=

=
==

M

s
ff eo



4/13/2005 PHY 114 -- Review Chaps. 35 - 38 14

Plane polarized 
electromagnetic wave
at an instant of time:
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Interference and diffraction of EM waves

Basic physics: EM waves from different sources or 
from different parts of the same source add 

Trigonometric identities:
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Some details: ),(),(),( ,, txEtxEtxE ByAy
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Top view of  plane EM wave

k

peaks of E field (perpendicular to screen)

λ

Top view of spherical EM wave
k

k

k

k



4/13/2005 PHY 114 -- Review Chaps. 35 - 38 18

Interference of spherical waves in phase:
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Michelson interferometer
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More details --

Actual interference effects within a single  finite size slit
thin slit thicker slit
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Mathematical description of single slit diffraction
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Single slit intensity pattern:
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Effect of slit size on double slit pattern

a = d/4 a = d/20
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Diffraction pattern for N slits – diffraction grating
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Diffraction by X-rays  (λ ≈ 0.1 nm)

NaCl a0 ≈ 0.56 nm

Bragg condition:

2d sin θ = mλ

/2

/2
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Some results from the special theory of relativity

Postulates:

The fundamental laws of physics (Newton’s laws, 
Maxwell’s equations, etc.) are the same in all inertial 
reference frames.   (“inertial reference frame” ==
reference frame moving at a constant velocity)

The speed of light in vacuum c = 299792458 m/s is 
measured to be the same in all inertial reference frames.

The effects:

c is the limiting speed in vacuum.

The Lorentz transformation describes position and 
time relationships between frames of reference

New formulations of momentum, and energy.
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0.7 µs

Example:

Consider some measurable process such as a decay of a cosmic ray 
particle                           which is known to the follow the relationship,    

with τ=2.2µs.

In a classic experiment, Rossi and Hall (Phys. Rev. 59,223 (1941)), 
measured µ particles traveling with v=0.994c on the top and bottom of 
a mountain with ∆x = 2000 m .

∆t=2000m/0.994c=6.7µs  expect

found  
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Lorentz transformations  for electromagnetic waves
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Other results from the Special Theory of Relativity

Notice new physics at velocities v comparable to c (speed of 
electromagnetic waves in a vacuum).   Note: Maxwell’s 
equations are already consistent with notions of relativity.

New energy – momentum relationships within a single 
reference frame:

New zero of energy:   If a particle has mass m and has zero 
velocity, its “rest mass energy” is mc2.   We can define a new 
“total” energy (not including potential energy) as 

222242222

22

2       ; 

γ  :becomes momentum scheme, same In this

1
1 γere        wh,γ

2

2

KmcKcpcmcpE

m

mcmcKE
c
v

+=+=⇒

=

−
≡=+=

up



4/13/2005 PHY 114 -- Review Chaps. 35 - 38 35

Relativistic energies
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Relativistic momentum:     p = γmu
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