Mathematics for physicists
Lecturer: Prof. Ven-Chung Lee
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Applications of trigonometry: wave and interference

1. Oscillation function of time

y(t)=A-cos2mv-t , A:Amplitude

period : 7 — y (t +7) =y (1)

v-T=1, .. v=— — frequency
T

2. Wave propagates along z-axis with frequency v and velocity v
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y(0,t) = A cos2nvt
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Sy (x,t) = A-cos (27wt - ) — wave function of position z and time ¢
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v : velocity of simple harmonic wave
x x :
2rv -t — 27 - — = ¢ = 2nvt — 27TX ¢ : phase of the wave function
v

for a point with constant phase ¢ on the wave
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— constant phase velocity or the velocity of the constant phase point on the wave
and  y(z,t) =y(@x+\t)=y(z,t+7)

.. A — wave length

3. Interference of waves

s

wave sources 51 and S generate wave with:
y(t)=A-cos2mvt =A-cosw -t
w = 27 angular frequency

— change of phase per unit time

total wave at P —

Yrotal = Y1 + y2  (Principle of superposition)
=A-cos(wt—Fk-l;)+ A-cos(wt —Fk-{)

27

=20
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wave number = change of phase per unit length

set
A-cos(wt —k-0)+ A-cos(wt —Fk-ly) = Ascos (wt — )
™ Trigonometry:

COS 1 + cos Py = Ay - cos @3



by cosine theorem
A2 =2A% —2A%cos (m — (2 — ¢1))
=2A% - (1 + cos (¢o — ¢1))

= 4A? . cos? <¢2;¢1) <—".‘cos«9:200$2§—1

oA =2A - cos (¢2 ; 1

(2 + ¢1)

>, ¢3=¢1+%(¢2—¢1)=%

. COS 1 + cos g = 2A - cos (¢2;¢1> cos (¢2+¢1)

2
Similarly,

sin ¢y + sin ¢ = 2 - cos <¢2 ; ¢1) sin <@)

Finally,

Yiotal = 2A cos (k b _gl) - COS <wt— k - b _|_£2)
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Time averaged intensity of the wave o (Amplitude)” or I = « - A2

Intensity: energy transferred per unit time by the wave.

k- Al k- Al
. Intensity at P — Ip = a - A? = 4a - A? cos® <T) = 41, cos? (T)
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S Ip=4-1y , Iy=a-A* , I,: Intensity of the single source S; and S, alone.

Constructive interference, y; and y» are in phase.
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k-Al=02n+1)7
Ip =0 destructive interference

y1 and y, are out of phase
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