Lectures: Physics 3306

Provides an introduction to a wide variety of topics in classical (pre-quantum) physics as a bridge to prepare students
for subsequent upper-level courses in physics. The topics covered include thermodynamics, fluid mechanics,

mechanical waves, optics, radiation, electromagnetic phenomena, atoms, and laboratory techniques. Prerequisites: C-
or better in PHYS 1106; and in PHYS 1304 or PHYS 1308.

Saptaparna Bhattacharya February 9th, 2026

Based on Simon Dalley’s lectures taught in Spring 2025
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Key concepts

* Mechanical waves are governed by
Newton’s laws

* [ransverse mechanical waves like those
on a stretched string, are waves in which
the particles of the medium oscillate
perpendicular to the wave’s direction of
travel

* \Waves in which the particles of the
medium osclllate parallel to the wave’s
direction of travel are longitudinal waves




Key concepts




Key concepts: 2D waves




Particle motion

Key concepts: Transverse waves

—

VWave motion



Key concepts

* Jypes of waves:
 Mechanical waves
* Electromagnetic waves

 Matter waves
* Can you give an example of each time of wave?



Key concepts

* [ypes of waves:
* Mechanical waves
 Commonly encountered: Water waves, sound waves
* Electromagnetic waves
* \isible and ultraviolet light

* [ravel through vacuum at the same speed ¢
 Matter waves
* \Waves associated with electrons
* Most key concepts apply to all three kinds of waves



Key concepts: transverse waves

* First picture:
* Pulse Is sent
* Second picture:

* Continuous simple harmonic motion (traveling
to velocity V)

 Example of a transverse wave

Figure 16-1 (a) A single pulse is sent along
a stretched string. A typical string element
(marked with a dot) moves up once and
then down as the pulse passes. The ele-
ment’s motion is perpendicular to the
wave’s direction of travel, so the pulse is a

transverse wave. (b) A sinusoidal wave is
sent along the string. A typical string
element moves up and down continuously
as the wave passes. This too is a transverse
wave.




Key concepts: longitudinal waves

* Produce a sound wave by moving the
piston right to left

* Motion of the air and change in air
pressure travel rightward along the pipe
as a pulse
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Figure 16-2 A sound wave 1s set up in an air-
filled pipe by moving a piston back and
forth. Because the oscillations of an ele-
ment of the air (represented by the dot) are
parallel to the direction in which the wave
travels, the wave 1s a longitudinal wave.
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Key concepts

Uu

Peak amplitude (y,),
Peak-to-peak amplitude (2y, ),
Root mean square amplitude

Vol V/2)

Wave length




Key concepts

* A sinusoidal wave moving in the positive direction of
an x-axis has the mathematical form:

e y(x,1) =y, sin(kx — wt)
 y = amplitude of the wave

 amplitude = magnitude of the maximum
displacement of the wave

» k is the angular wave number
e @ Is the angular frequency

« kx — wt is the phase

» The wavelength 4 is related to k by:

2
k==
A



Key concepts

The period of oscillation 7" and frequency f of the wave
are related to w by:
0, |

on T
The wave speed v (the speed of the wave along the
string) Is:

w A i
s V=—=— =
kK T
Any function of the form: y(x, 1) = h(kx £ wt) can

represent a wave

Sign (%) represents direction of motion:
* + negative direction of x-axis

* - positive direction of x-axis



Key concepts
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The drawing shows the vertical position of points along a string
versus

distance as a wave travels along the string.

Between which two points 1s the length of the segment equal to one

wavelength?

a) Ato E

b) BtoD F
c) AtoC
d) AtoF

e) CtoF



The drawing shows the vertical position of points along a string
versus

distance as a wave travels along the string.

Between which two points 1s the length of the segment equal to one

wavelength?

a) AtoE

b) BtoD F
c) AtoC
d) AtoF

e) CtoF



A transverse wave with an amplitude of 0.2 m moves along a string
with a speed of 2 m/s.
Which one of the following statements concerning this wave 1s true?

a) Each particle 1n the string moves a distance of 2 m each second.

b) Each particle 1n the string moves a distance of 0.8 m
perpendicular to the wave during each period.

c) Each particle 1n the string moves a distance of 0.8 m parallel to
the wave during each period.

d) Each particle 1n the string moves a distance of 0.4 m
perpendicular to the wave during each period.

¢) Each particle in the string has a wavelength of 0.4 m.



A transverse wave with an amplitude of 0.2 m moves along a string
with a speed of 2 m/s.
Which one of the following statements concerning this wave 1s true?

a) Each particle 1n the string moves a distance of 2 m each second.
b) Each particle in the string moves a distance of 0.8 m
perpendicular to the wave during each period. (Calculation:

Total distance = 4xAmplitude, Distance=4x%0.2 m=0.8 m)

¢c) Each particle 1n the string moves a distance of 0.8 m parallel to
the wave during each period.

d) Each particle 1n the string moves a distance of 0.4 m
perpendicular to the wave during each period.

¢) Each particle 1n the string has a wavelength of 0.4 m.



Key concepts

* Rewriting the equation of a sinusoidal
wave moving Iin the positive direction

of an x-axis:
° y('x’ t) — ym Sin(kx i a)t) (a) Phase shift: 7/5

* Let’s introduce a phase constant: : the ourve i he negatve
direction of the x axis
_I_
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e Sign (%) represents direction of motion:
e + negative direction of x-axis
e - positive direction of x-axis

e y =1y, sin(kx — wt + ¢)

» A positive value of @ shifts the curve
in the negative direction of the x axis

* A negative value of ¢ shifts the curve
In the positive direction of the x axis



A “right moving” wave 1s: A cos(kz — wt + 0)
Which of these do you prefer for a “left moving” wave?

A) f,(z,t) = Acos(kz + wt + )
B) f,(z,t) = A cos(kz + wt — o)
C) f;(z,t) = Acos(—kz — wt + 9O)
D) f,(z,t) = A cos(—kz — wt — )
E) more than one of these!

(Assume k, w, 0 are positive quantities)

To think about; Is(are) the answer(s) really just “preference” (i.e. human
convention) or are we forced into a choice?



A “right moving” wave 1s: A cos(kz — wt + 0)
Which of these do you prefer for a “left moving” wave?

A) f,(z,t) = Acos(kz + wt + )
B) f,(z,t) = A cos(kz + wt — o)
C) f;(z,t) = Acos(—kz — wt + 9O)
D) f,(z,t) = A cos(—kz — wt — )
E) more than one of these!

(Assume k, w, 0 are positive quantities)

To think about; Is(are) the answer(s) really just “preference” (i.e. human
convention) or are we forced into a choice?



Key concepts

* Rewriting the equation of a
sinusoidal wave moving in the
positive direction of an x-axis:

e y(x,1) =y, sin(kx — wt)
 Computing the speed of the wave v

e Note that kx — wt = constant

\Wave at 1= Al
Wave at =0

* Follows from the very nature of a
periodic motion

* Jo find speed, take derivative of Curve shifts a distance Ax during At

(kx — wt) Point A “rides” with the wave form, but the
string elements move up and down



Key concepts

 Computing the speed of the wave v

e Note that kx — wt = constant

* Follows from the very nature of a periodic
motion

» To find speed, take derivative of (kx — wft)

dx
k——®=0
dt
Jx . \Wave at t = At
'Ez‘/:? Waveatt 0
¢+ k 227?/;11 and @ = 2x/T Curve shifts a distance Ax during At

L V=— = — = /If(wave speed) Point A “rides” with the wave form, but the
k I string elements move up and down



The equation for a certain transverse wave 1S
y = 8 sin [4t + 2x]
where y and x are measured 1n meters and ¢ 1s measured 1n
seconds.
What 1s the velocity of this wave?

a) 2 m/s in the +x direction

b) 2 m/s in the —x direction
c) 4 m/s 1n the —x direction

d) 4 m/s in the +x direction

¢) 8 m/s in the +x direction



The equation for a certain transverse wave 1S
y = 8 sin [4t + 2x]
where y and x are measured 1n meters and ¢ 1s measured 1n
seconds.
What 1s the velocity of this wave?

a) 2 m/s in the +x direction

b) 2 m/s in the —x direction
c) 4 m/s 1n the —x direction

d) 4 m/s in the +x direction

¢) 8 m/s in the +x direction



. y =8 sin |4t + 2x]
Solution

The general form of a traveling wave is given by:

y(x,t) = Asin(wt & kx) (2)

1. Identifying Parameters

By comparing the given equation to the general form, we identify the following
constants:

e Angular frequency (w): 4rad/s
¢ Wave number (k): 2rad/m



2. Calculating Wave Speed

The wave speed (v) is defined as the ratio of the angular frequency to the wave
number:

W
V= (3)

Substituting the values:
v:§:2mﬁ (4)



A wave 1S

cos (kz — ot + o)

If 0 1s small (and > 0), 1s this wave “delayed” or “advanced”?

A) delayed

B) advanced

C) neither, depends on values of z and t.



A wave 1S

cos (kz — ot + o)

If 0 1s small (and > 0), 1s this wave “delayed” or “advanced”?

A) delayed

B) advanced

C) neither, depends on values of z and t.



Key concepts

* Rewriting the equation of a sinusoidal
wave moving Iin the positive direction

of an x-axis:
° y('x’ t) — ym Sin(kx i a)t) (a) Phase shift: 7/5

* Let’s introduce a phase constant: : the ourve i he negatve
direction of the x axis
_I_
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e Sign (%) represents direction of motion:
e + negative direction of x-axis
e - positive direction of x-axis

e y =1y, sin(kx — wt + ¢)

» A positive value of @ shifts the curve
in the negative direction of the x axis

* A negative value of ¢ shifts the curve
In the positive direction of the x axis



A tsunami 1nitiated off the western coast of South America reaches the
Hawaiian Islands within 15 hours. Assume it’s a transverse wave.

Which one of the following statements concerning the tsunamai 1s
correct?

a) The tsunami carried water from the earthquake center to Hawaii, but 1t
did not carry energy to Hawan from South America.

b) The tsunami carried energy and water from the earthquake center to
Hawai.

c) The tsunami carried energy from the earthquake center to Hawaii, but 1t
did not carry water to Hawan from South America.

d) The tsunami did not carry energy or water from the earthquake center to
Hawai.



A tsunami 1nitiated off the western coast of South America reaches the
Hawaiian Islands within 15 hours. Assume it’s a transverse wave.

Which one of the following statements concerning the tsunamai 1s
correct?

a) The tsunami carried water from the earthquake center to Hawaii, but 1t
did not carry energy to Hawan from South America.

b) The tsunami carried energy and water from the earthquake center to
Hawai.

c) The tsunami carried energy from the earthquake center to Hawaii, but 1t
did not carry water to Hawan from South America.

d) The tsunami did not carry energy or water from the earthquake center to
Hawai.



a) Incorrect: claims energy is not carried, which 1s the primary function of
a wave.

b) Incorrect: claims matter (water) 1s carried across the ocean as part of the
wave

¢) Correct: This accurately states that energy 1s transported, but the actual
water (matter) stays in the same general area.

d) Incorrect: claims neither energy nor water 1s carried.



A Human Wave

At any 1nstant, the width w of this transverse wave 1s the distance
from the leading edge (people in the crowd are just about to stand) to

the trailing edge (people have just sat down). Suppose a human wave
travels a distance of 884 seats around a stadium 1n 37.3 s, with

spectators requiring about 1.9 s to respond to the wave's passage by
standing and then sitting.

(a) What 1s the wave speed v?

(b) What 1s the width w?




A Human Wave

At any 1nstant, the width w of this transverse wave 1s the distance
from the leading edge (people in the crowd are just about to stand) to
the trailing edge (people have just sat down). Suppose a human wave
travels a distance of 884 seats around a stadium 1n 37.3 s, with

spectators requiring about 1.9 s to respond to the wave's passage by
standing and then sitting.

(a) What 1s the wave speed v?
23.77 seats/sec

(b) What 1s the width w?
45 seats




(a) What is the wave speed v?

The wave travels a distance of 884 seats 1n a time of
37.3s.

Using the standard tormula for speed:

v=distance/time
v=884/37.3 s

v=23.7 seats/s



(b) What is the width w?

The width w 1s the distance between the leading edge (people
starting to stand) and the trailing edge (people who have just
sat down).

The problem states that i1t takes a spectator 1.9 s to complete
the cycle of standing and then sitting. This time interval
represents the “duration” of the wave at any single point. To
find the physical width w of the wave, we multiply the wave
speed by this time interval:

w=vXxtime interval
w=23.7 seats/sx1.9 s
w=45 seats



Key concepts

 The speed of a wave on a stretched
string is set by the properties of the
string (not properties of the wave)

* The speed of a wave on a string

with tension 7 and linear density u
IS:

=
@ V — N
H
* Centripedal acceleration:
12
o U = —



Key concepts

» The kinetic energy associated with a string element of mass dm is given by:

I 2
. dK = —dmu
2
o Getting u by differentiating with respect to time:
0y
. U =—=—wy, COS(kx — wt)

ot
1
. dK = E(ﬂdx)(—a)ym)zcosz(kx )

* The average rate of kinetic energy transported Is:

dK | |
o) 9) o)
- — — UL cos“(kx — wt = — ULQ
- ( di )avg 0 i COS I = @D = G MV



