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PH 113  Adding N disturbances  





rev April 29, 2008
Suppose we have N disturbances, like 


y1 = E sin ((t)


y2 = E sin ((t + ()


y3 = E sin ((t + 2()


Etc.

Each can be represented by a phasor:
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We'll get the resultant Ep at some point p for N of these, using N = 3 as an example.

First we inscribe them in a circle of radius R   (The radius R will drop out at the end.)
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From the triangle including the light dotted lines we have (Ep/2) / R = sin (N(/2)  {N = 3 for us.}

From the triangle with the heavy dashed line we have  (E/2)/ R = sin ((/2).

When we divide these two equations we get

Ep/E = sin(N(/2) / sin((/2), so finally



Ep = E sin(N(/2) / sin((/2)

( ( is the phase difference between adjacent phasors
)


(over)

Remember  Ep = 2E cos ((/2)  ?  That works for two phasors, so we'll try N = 2 

N = 2


Ep = E sin (2 (/2) / sin((/2).

You remember that sin ( = 2 sin (/2 cos (/2, so we'll put that in and get


Ep = E { 2 sin (/2 cos (/2)/sin((/2) = 2E cos (/2 .

Now lets try N = 3 and ( = (/2.  You did this in class for me. The phasor diagram was




          E






     E


   Ep





E
When we go into  Ep = E sin(N(/2) / sin((/2) with N = 3 and ( = (/2 we get




Ep = E sin (3(/4) / sin((/4) = E .

If we try N = 4 and ( = (/4, what do we get?  Right!  (They bite their own tail.)
So now we have a recipe for adding N disturbances which have the same frequency and where there is a phase difference ( between each one and the next.

A 'train' of N of these disturbances will 'bite its own tail' when the phase difference is 2(/N.

We tried this for N = 3 in class and ( = 2(/3.  The phasor diagram was
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For 6 phasors we would form a hexagon when ( = 2(/6, and would get Ep = 0 :


Ep = E sin(N(/2) / sin((/2)


Ep = E sin ( 6 (2(/12)) /sin(2(/12)  = E sin(() / sin(2(/12) = 0.

Next page for a grating of N slits


 N slit grating




( = 0  ( = 0  Ep = Eo = NE   all arrows line up BIG MAX

[ Using phase difference ( ]


( = 2(/N;   Ep = 0   N arrows bite own tail DARK







SMALL STUFF (Intensity not very great)







( = 2( - 2(/N  bite own tail
DARK


first-order maximum



( = 2(  Ep = Na  all arrows line up  BIG MAX








( = 2( + 2(/N  bite own tail
DARK







MORE SMALL STUFF




ETC.


 N slit grating




( = 0  (r = 0     Ep = NE = Eo   arrows line up BIG MAX

[ Using path difference (r ]


(r = (/N  Ep = 0   N arrows bite own tail DARK







SMALL STUFF








(r = (- (/N  bite own tail
DARK


first-order maximum



(r= (
Ep = NE  all arrows line up  BIG MAX








(r = (+ (/N  bite own tail
DARK







MORE SMALL STUFF




ETC.


Second order maximum


(r = 2(

BIG MAX








(r = 2( + (/N

bite own tail  DARK

NEXT PAGE FOR ANGLES (
 N slit grating




( = 0  ( = 0  ( = 0 all arrows line up BIG MAX

Distance d between each slit


d sin ( = (/N   Ep = 0  N arrows bite own tail DARK

[ Using angle (. ]





…






SMALL STUFF







…






d sin (= (- (N  bite own tail
DARK


first-order maximum


d sin ( = (  Ep = NE  all arrows line up  BIG MAX






d sin ( = (+ (/N  bite own tail
DARK







MORE SMALL STUFF


second-order maximum

d sin ( = 2(  Ep = NE  all arrows line up  BIG MAX


third-order maximum


d sin ( = 3(  Ep = NE  all arrows line up  BIG MAX


Grating max's occur at d sin ( = m (.

Min's next to max's occur at    d sin ( = m(  ( (/N. (the bigger N is, the 'sharper' the max's are)

------------------------------------------------------------------------------------------------------------------------------
For a SINGLE SLIT (slit width  = a), N = one bazillion. The intensity will be zero when the train of N arrows bites its own tail.  This means a phase difference of 2(p, where p is an integer between the first and the last one (the first is from the top of the slit and the 2nd is from the bottom of the slit). In our formula   Ep = E sin(N(/2)/sin((/2), N( = 2 (p. The book uses ( = N( for the phase difference between the first and the last phasor. ( is very small so sin((/2) ( (/2 =(/(2N).

Then



Ep = E sin(N(/2)/sin((/2) ( NE [ sin((/2) / ((/2) ] = Eo [ sin((/2) / ((/2) ]
When (  = 2(, the train of arrows bites its own tail, and also for 4(, 6(, etc.
For intensity,


I=  Io [ sin((/2) / ((/2) ]2 .

(  I = 0 when ( = 2(, 4(, 6(, etc. )
The path difference from the top of a slit of width a and the bottom is 


(r = a sin (
(remember a is the width of the entire slit)

( = (2(/() path difrerence =   (2(/() (r  =   (2(/() [a sin (]     ( middle  p. 1244 )

Sooo.   
Islit = 0 when      a sin ( = p (,  p = 0, 1, 2, etc.
('fat' slit of width a )
