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in air
0.95/X¢ = 0.19 x 107,
total 2,050,000 waves.
OPD = [(1.5)(0.05) + (1)(0.95)] — (1)(1),
OPD =1.025 - 1.000 = 0.025 m,

A/Ao =0.025/500 nm = 5 x 10* waves.
7.6 OPLp=nz = (1.00)(100 cm) = 100 cm = 1.00 m.
OPL4 =), niz; = (1.00)(89 cm) + 2(1.52)(0.5 cm)

+(1.33)(10 cm) = 103.82 cm = 1.0382 m.
A=0OPLy—OPLg =1.0382 - 1.00 = .00382 m.

(7.16) 6= koA = (2m/Xo)A = 27(3.82 x 1073 m)/5.00 x 10~ m

= 7.64 x 10°7.
An integer multiple of 27, so waves are in phase.

7.7 Ey = Eq sinjwt — k(z + Az)], so oy = —k(z + Az). Ey = Ep; sinfwt — kx),

so ay = —kx.

(7.9) E’g = Eoz1 + E§2 + 2E01 Egg cos(an — ;)
= E§ + E¢, + 2E% cos(—kz — (—k(z + Az))) = 2E3 (1 + cos kAz)
= 2E3, (cos(0) + cos(kAz)) = 4E3 cos*(kAz/2),

(see Problem 7.2),

Ey = 2Ey; cos(kAx/2).

E(n sin oy + Eog sin Q9
7.10) t =
( ) ana Em Ccos g + Eoz COS (g
_ EBorsin(—k(z + Az) + Eq; sin(—kz))
Eoy cos(~k(z + Az)) + Eo; cos(—kzx)
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_ 2sin 1(—k(z + Az) — kz) cos s(=k(z + Az) + kz)

 2cos §(~k(z + Az) — kz) cos L (—k(z + Az) + ka)
2 2

= tan(—kz — (kAz/2)), a=—k(z+ (Az/2)).

7.8 E=E) + E; = Eg{sinfwt — k(z + Az)] + sin(wt — kz)}. Since
sin B+ siny = 2sin(1/2)(8 + ) cos(1/2)(8 — 7),
E = 2Eq cos(kAz/2) sinfwt — k(z + Az/2)].
7.9 E = EgRe[efb=+et) _ giltka=wt)] = B Re[e**2; sin wi]
= Eo Re[2i cos kz sinwt — 2sin kz sin wt] = —2F, sin kz sin wt.
Standing wave with node at z = 0.
7.10 E; =3coswt =340, (a; = 0). Fy = 4sinwt, but sinf = cos(6 — m/2), so
Ey =4cos(wt —7/2) =44 — /2. Es=F, + F,.
E% = E} + E2, + 2Ey Eo, cos(az — a;)
=9+ 16 +2(3)(4) cos(—n/2), Es, = 5.
(7.10) tana = (Eg; sinag + Fgy sin @)/ (Eoy cos ay + Epy cos ay)
= (3(0) +4(-1))/3(1) +4(0)) = —4/3;  a = -53°,
80 ¢ = 53° = 0.93 rad. Note that a; < ¢, so E; leads Fj.
7.11 By Faraday’s law, OE/dz = —0B/dz. Integrate to get
B(z,t) = ~/(6E/8x) dt = —2Fpk cos kx/coswt dt
= ~2Ey(k/w) cos kx sin wt.
But Eok/w = Ey/c = By; thus B(z,t) = —2B, cos kz sin wt.
7.12 Fringes are spaces A/2 vertically.

sin 6 = (fringes/cm) vertical/(fringes/cm) on film;
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7.38

7.39

7.40

7.41

7.42

7.43

By analogy with Eq. (7.61), A(w) = (At/2)Eqsinc(w, — w)At/2. From
Table 1, sinc(7/2) = 63.7%. Not quite 50% actually, sinc(n/1.65) = 49.8%.
(wp — w)AL/2] < 7/2 or =7 /At < w, —w < w/At; thus appreciable values
of A(w) lie in a range Aw ~ 27/At and AvAt ~ 1. Irradiance is
proportional to A%(w), and [sinc(7/2)]? = 40.6%.
Az, = cAt, Az, ~ ¢/Av. But Aw/Aky = &/ko = ¢; thus
|Av/AXo| = T/ o, Az, ~ cho/ AT, Azy ~ M2/AXg. Or try using the
uncertainty principle: Az ~ h/Ap where p = h/\ and AXg < Xo.

Az, =cAt, =3 x 108 m/s1078 = 3 m.

Ao ~ A3/ Az, = (500 x 107° m)?/3 m,

Ado~83x 107" m =83 x 10% nm,
AXo/Ao = Av/i =83 x 107%/500 = 1.6 x 10~7 ~ 1 part in 10.

Av =54 x 10° Hz; Av/i = (54 x 10%)(10,600 x 10~° m)/(3 x 108m/s)
=191 x107°. Az, = cAt, ~ c¢/Av, Az, ~ (3 x 108)/(54 x 103)
= 5.55 x 10° m.

Av/v = 2/10"; ¢ = v, so

v=c/A=3x10°m/s/632.8 x 107° m = 4.74 x 10" Hz.
(7.64) AL, = cAt,.

Frequency range is +2(4.74 x 10* Hz) or 9.48 x 10* Hz, so
At ~1.05x107°s. Al. = (3 x 10® m/s)(1.05 x 107° s) = 3.15 x 10% m.

Az, = cAt, =3 x 10 x 10710 = 3 x 1072 m, Av ~ 1/At, = 100 Hz,
AXg ~ A3/ Az, (see Problem 7.35),



Chapter 7 Solutions 59

7.38 By analogy with Eq. (7.61), A(w) = (At/2)E, sinc(w, — w)At/2. From
Table 1, sinc(m/2) = 63.7%. Not quite 50% actually, sinc(7/1.65) = 49.8%.
[(wp — w)AL/2] < T/20r -7/ At < W, —w < 7/ At; thus appreciable values
of A(w) lie in a range Aw ~ 27/At and AvAt ~ 1. Irradiance is
proportional to A*(w), and [sinc(7/2)]? = 40.6%.
7.39 Az, = cAt, Az, ~ ¢/Av. But Aw/Ako = @ /ko = ¢; thus
[Av/AXo| =D/ Xo, Az, ~ cho/ Ao, Az, ~ AZ/AN. Or try using the
uncertainty principle: Az ~ h/Ap where p = h/XA and ANy < ).
7.40 Az, =cAt. =3 x 10 m/s107%s = 3 m.
Ao ~ A3/ Az, = (500 x 107° m)2/3 m,
AXo~ 83 x 107" m = 83 x 107 nm,
Ado/do = Av/p =83 x 1075/500 = 1.6 x 10~" ~ 1 part in 107,

741 Av =54 x10° Hz; Av/p = (54 x 10%)(10, 600 x 10~° m)/(3 x 108m/s)
=191 x107% Az, = cAt. ~ ¢/Av, Az, ~ (3 x 108)/(54 x 10%)
= 5.55 x 10° m.

7.42 Av/v =2/10" c=vA, so

v=c/A=3x10°m/s/632.8 x 10~ m = 4.74 x 10" Hg.
(7.64) AL, = cAt,. |

Frequency range is +2(4.74 x 10* Hz) or 9.48 x 10* Hz, so
At~ 1.05x107%s. Al = (3 x 10° m/s)(1.05 x 10~° s) = 3.15 x 10° m.

743 Az, =cAt:=3x10°x10710=3 %102 m, Av ~ 1/At, = 10 Hz,
AXg ~ A3/Az, (see Problem 7.35),



