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Updated: May 2006

Course: sph 4u1

Unit: light

Lesson 3: Title: Two Source Interference 

Consider a point source of waves – what shape are the waves? circular pattern
What do you see when you have two point sources that are close together? Their waves will spread out and start overlapping each other. What happens when waves overlap? You get interference – constructive and destructive.
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[from Nelson Physics 12 p455]

Consider two sources S1 and S2 separated by a distance d. Both sources are in phase and oscillate with the same wavelength. What does “in phase” mean? – demonstrate with walking. Also: diagram in phase and out of phase on board (use different amplitudes and shapes). This assumes that f is equal.


Consider a point P some distance away. 





 









        P

If  PS1 = 4(  and PS2 = 4½(, will there be constructive or destructive interference at P? (ask each person).


S1                   1                2               3                4
 

                                       3                4
S2             1                2                                              ½  

 



   (  Point P is here.

The two waves that meet at P will be out of phase; they cancel each other; destructive interference.


Constructive interference will occur when | PS1 – PS2 | = n( , where n = 1, 2, 3, …
n = 0 is the centre line.




Destructive interference will occur when  | PS1 – PS2 | = (n - ½)( , where n = 1, 2, 3, …
In other words, the distance to P from each source differs by either 1/2 (, 3/2 (, 5/2(, etc.

We can’t have n=0 because of the destructive formula; also, by convention n refers to numbers that start at 1.

The lines connecting a series of points of destructive interference is called a nodal line. There is no special name for lines connecting points of constructive interference (perhaps we could call them ‘anti-nodal lines’). (Nodal lines tend to me more easily visible in water and with sound, but with light ‘anti-nodal’ lines are easier to see.)

n denotes which nodal line it is. 

( Now redo this with two overhead (concentric circles). Label n’s. Put P at anti-node. Draw lines to P, count the # of wavelengths to P from S1 and S2.  Show that the difference is a whole number of wavelengths.

( The maximum number for n seems to be the number of wavelengths between S1 and S2 
(i.e. nmax  = d/()


( Diagram to illustrate 'n'.

* It’s important to show this to the
students so that they can see for themselves.

What shape are nodal (or anti-nodal) lines?

A hyperbola is the locus of points whose distances from two fixed points (the sources of the waves) differ by a constant amount (either n( or (n-½)( ).

** NEED MORE EXAMPLES. **  Are they going to be tested on this?

Example 1: Two sources oscillate with a wavelength of 5 cm. A point P is 25 cm from S1 and 30 cm from S2. 
(a) Is there constructive or destructive interference at P? 
(b) Which nodal / anti-nodal line is it?

Example 2: (Martindale p511 #16): An interference pattern is set up by two point sources of the same frequency that are in phase. A point on the second nodal line is 25 cm from one source and 29.5 cm from the other source. The speed of the waves is 7.5 cm/s. Calculate (a) the wavelength of the waves, (b) the frequency of the sources.

first nodal line: (½)( = d sin(
 
2nd: (1½)( = d sin(
  or 

(½)( = | PS1 – PS2|

(1½)( = | PS1 – PS2|

We don’t need ( and don’t know d, (use the |PS1… formula.

|PS1-PS2| = 29.5 – 25 = 4.5 cm.

1.5 ( = 4.5 cm

(( = 3.0 cm.

f = v/( = 7.5 cm/s ( 3 cm = 2.5 Hz.

Homework: Nelson 12: p 459 # 2,3

* Consider using 'm' instead of 'n' for order of lines, since n is also used for index of refraction later on.





discuss a pool trip for waves





S1








S2





Enrichment:�Question: how does one find the path difference from the formula of a hyperbola?





� EMBED Equation.3  ����
( > 1  �(where ( = c/a)�
foci at ( c�c2 = a2 + b2�
if y2/a2  – x2/b2  = 1 �then vertical axis�
asymptotes at y = ((b/a) x�
�
The path difference seems to be (a*c) ????�for x2/4 - y2/5=1      foci = ((3,0)	a2 = 4	  c = 3		p.d. = (16�for x2/10 – y2/6 = 1	 foci = ((4,0)	a2  = 10   c = 4		p.d. = (40
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