4-11. Generally, k-r=k, o+ kyy+ k. 2.
(a) For propagation along the z-axis, k. =k, =0, So k-r=k,z, with k, =27 /A, The waveform can then be
written as,

2, \ ) \
v=Asin(k -r—wt)=Asin(k,z —wt) :Asin[ _T(z — m‘,)} =Asin27(z/A—vt)
. = 1 27 . . .
(b) In this case, k, =0 and k, =k, =|k|/V2 == The general form of the wave is then,
V2
. . . 2w, . x Y
p=Asin(k-r+wt)=Asin(k, v +k,y+wt) :Asln[ (v +y=xuvt } :AstW(Tf —— + i‘f)A
* v V2A ( ) V2A V2 A

If one is interested in the wave displacement only on the line x =y,

z;l':flsin??r(z—f:-zrt)
V2A

1|*

(¢) In this case k= 3 (+y+z)and k-r= %(1 +y+z), with k=2n/\. The waveform is then,
Ve Ve
‘ . |k .| 2w
v=Asin(k-rxwl)=Asin| —=(r+y+2)zwt|=Asin| —=—(z+y+z=xvl)
V3 \/"'3)\

4-12. Let z =a+ib where a and b are real.

V/2=(a+ib+a—ib)/2=a=Re(z)
2¥)2i=(a+ib—a+ib)/2i=b=Tm(Z)

¢ =cos# + isin @ and apply the result from (a): cos 8= (("‘9 + (‘—:‘0)/2

d) Let 7 =¢"® =cos # +isind and apply the result from (b): sin @ ((""9 — (3—1..9)/2.,'

4-13. (a) Note that ¢'™/2=cos(r/2) +isin(7/2) =i so that

i A ({i(k-r7w3+p0) (_-i-ﬂ/QA(_i(k-r—wt+pa} — A ik r—wt+potm/2)

(b) Similarly, '™ = cos(r) + isin(m) = — 1 so that

—_A (:i(k-'r'fwf+‘po) — (:1‘71 A (:i(k-rwa»po) A (:'l‘(k-’f'*.u‘iﬁ'-poﬁ»ﬂ}

5-4. One could proceed directly by mimicking the development for the cosine waves leading to Eqgs. (5-9) and
(5-10). I choose to first convert the given fields to the cosine form and then using those equations. That is,

y1=>0sin(wt+7/2)=5cos(wi)=D5cos(0—wt)
Yo=Tsin(wt+7/3)=Tcos(wt+7/3 —7/2)=Tcos(wt —7/6) =Tcos(n/6 —wt)

Them using Egs. (5-9) and (5-10):

yo=1/52+T72+2.5.Tcos(m/6) =11.6

O 7ein{r/G) sin(7/6) _ 098 7
5+ 7cos(m/6)

y=11.6cos(0.098 7™ —wt)=11.6 cos(wt —0.098 1) =11.6sin(wt — 0.098 7 + 7/2)
y=11.6sin(wt+0.402 )

fan o =
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7-4. (a) visibility = = = _
Imm.fImin Il*12*2\/"’1112*I]_*IQ*?\/"I]_IQ) —)[11712) 11712

So if 1= N Ia,

e 2VNIL 2
visibility 7V—m—l\r71

(b) Solving the above relation for N,

For V=096, N =1.78. For V=0.90, N =2.55. For V=0.8, N =4. For V=0.5,N =13.9

7-11. See Figure 7-26 in the text. Constructive interference occurs at screen locations,

g Md+L) mAd+2d)  mA3d)
v= a N a C2da(n—1)
3 N Am_ 35893x1077% 1

TEIUCTI AN 2 —=0.005893 rad = 0.3376° =20.3/
“TIN—1AN 2 15-1 3x103 5803 rac ,

7-14. The condition for a minimum in the reflecting light is
A+ A, ==2nt={m+1/2) X
For the two wavelengths then

2nt=(mi+1/2) Ay =(ma+1/2) As

mi+1/2 A2 675 o
— == =1.287!
ma+1/2 N 525 ’

By trial and error, this relation is satisfied with ;=4 and mg=23. Then,

_ i+ 1/2) A1 (4.5) (525nm)

f 2n T 2(1.30)

—908.65 nm

7-19. See Figure 7-28 that accompanies this problem in the text. The dark lines are wavelengths for which

destructive interference occurs on reflection. These satisfy.
mA=2ntcost,

Here the film is the air layer. The angle in the air film is the same as the incident angle of 45° since the
angle that the ray emerges from the top glass slide into the air film is the same as the angle at which the
ray entered the glass slide from the top ambient air. Then,

N 2ntcos(45°)  2-1-(10%nm)0.707 14,142 1nm

" m m m

There are 15 orders in the visible with m ranging from 21 to 35. The dark lines occur at:
A1 =673.4nm, Aoy =0642.8 nm..., A35 =404.1 nm.

7-20. Refer to Figure 7-15b in the body of the text. Constructive interference will occur for
(m+1/2)A=2¢
Here. t is the thickness of the air wedge at a given horizontal position. The 40'" bright fringe corresponds
to m =39 since the first bright fringe occurs for m =0. Then, for the 40" fringe,
(39.5)(589 x 10~ 7)

5 em=1.16 x 10~% cm

395 A=2t=1t=



7-23. Refer to Figure 7-17 in the text. Using Eq. (7-38).
2tm+Ar =2t + A 2=m A=ty =(m —1/2) \/2
The 10" bright fringe occurs for m =10, so that
t0=9.5X/2=(9.5/2) (546.1 x 10"mm) =2.59 x 10~ *mm
Using Eq. (7-39), the radius of curvature I? of the lens surface can be found:
e rfo+t _ (7.89/2)2 + (2.59 x 107%)2

R — 3000 mm = 3
Tty 2(250 % 10 %) =

81. A=(2Ad/Am)=(2-0.014cm)/523 =4.6 x 10~ % cm =436 nm

8-2. Straight fringes are due to a wedge between one mirror and the image of the other (M2 and M1’ in Figure
8-1). Interference then occurs as from reflection by an air wedge.

s16.1 “‘:L J/ There are 12 fringes/cm so there are 11 fringe spaces/cm.
\l’ — @ $d mA=2d=d=mA/2=(11/2) A=5.5A\.
>
Lem B=t/(1cm)=5.5(5.461x10"%)/1=3.00 % 10 *cm=0.0172°=1"2"

8-3. The optical path difference due to the insertion of the thin sheet of width ¢ and index n is

A=mA=2(nt—t)=2t(n—-1)
‘ 95 (530 % 10~ ) ]
t=_" A, 35089 >\ 10 ) 9375 x 10-5m = 23.75 Jm
21 211D




