23-2. The critical angle is,
. ny 1 1 1
sinfl,=—=—=n

= = = 1.8094
ng n sinf. sin (33°33')

External Reflection:
tan 6, = ﬁ—Q =n=f,=tan"'(1.8094) =G1°4’
Internal Reflection: !

n 1

1
tan ) =—=—= ) =tan~ 1 —— | =28°5(
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23-5. In each of the 4-equations the desired form results from introducing #; through the relation n =sin #/sin #;.
For example:

. cosf— VnZ_sin28 cosf —sinf /1{/51112 B, —1 cosf —sind ((:Lyszgt)/sinQ 0
rE = —_— = . : =
cosf+vn? —sin?f  cosf+sinfy/1/sin26;, — 1 cos f +sin @ ((:1)529\‘)/51112 8,

_cosfsinfl, —sinfcos#; B sin(f — ;)
" cosfsinf,+sinfcosf,  sin(f+6;)

TTE

The other 4 relations are similarly shown to be true. Proceeding by first noting from above that,

.y . .3
VT —sin®f =sin A cos By /sin 6,

Then,

. —n2cosf4+vn?—sin?f T s
™ = a7 .
nZcosd +vn? —sin28 sin"Geos &
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—sinfcos @ +cosfysinl,  —sinfcosf(sin? ;4 cos? ;) 4 cos fysin (bi[lQ 8 +cos?f )
Ty = —— - = — - —
sin @ cos @ 4 cos #; sin 6, sin 8 cos B(sin? B, 4+ cos? ;) 4 cos B; sin 6y (sin? 8 +cos26 )

—sin fcos #sin 28, — sin # cos 8 cos® 8 + cos By sin By sin? 8 + cos b sin By cos? 6

rra = 0 - . p - .
+sin f cos fsin 2 6, +sin # cos # cos? 6, +cos 8, sin #; sin? @ 4 cos 6, sin 8, cos? 0

S (sin B cosfly — cos Asin ;) (sinflsin by —cosfeos ;) _ sin(# — 6, )cos(0 + 6y)
r= (sin# cos #; + cos Bsin f,) (sin #sin 8y +cos # cos ;) T sin(f+ H)cos(H —6y)

o tan(f —#4)
N T T+ )

and,

o 2cos# B 2cos B 2cos B sin b ~ 2cosfsinb;
= s+ VvnI—sin2f cosB+tsinfcoshfsinf,  cosfsind, +sinfcosh;,  sin (04 6y)

Finally,

; 2ncosé 2cos#sind /sin b, 2cos fsin
Ty = ——— = — - = . :
n?cos2f 4+ vn? — sin2d \”..292:;\9 MELL el #: cos@sind +sin 6, cos 6,
sin 20; Sin By

The denominator in this expression is the same as the one that appeared in the work leading to the final
form of rry;. Using the result derived there,

2 cos O sin &,

brm = sin(# +8)cos(f — 6;)

23-12. For diamond n=2.42.

(a) External:
TM: 0, =tan !(n) =tan !(2.42) =67.55", no critical angle.
TE: No Brewster angle, no critical angle.

(b) Internal:
TM: 6.=sin"1(1/2.42) =0.426 =24.41°, 8, =tan~*(1/2.42) = 0.392 = 22.46°.
TE: #.=sin"1(1/2.42) =0.426 =24.41°, no Brewster angle.



23-13. The reflectance and transmission are given hy

—_— % 2 2
050 — =S 05 (50°) — /T ~SmZ(50)
Ryp = ((059 vn?—sin?d ) _ ((n‘a( ) i — sin”(507) =0.1385 = 13.85%,

cosfl — vn? —sin?f cos (50°) + /1.62 —sin2(50°)

T‘[']; =1- R'['].; :85.15%-

N N
R ( CnZcosf i VnZ _sinlé ) B ( — 1.6%cos (50°) 4+ /1.62 — sin?(50°
TM™M — =

2
—— - - ) =0.00623 =0.623%
n?cosf 4+ v/n? —sin?é 1.62 cos (50°) + 4/1.62 — sin2(50°)

Try=1— Rpy =99.38%

23-15. (a) The critical angle is 8. =sin~!(ng/n1) =sin~(1/1.458) =43.3°
The polarizing angle for external reflection is is fp=tan Y(nz/ni) =tan }(1.458/1) =55.6°

The polarizing angle for internal reflection is #,= I.an_l(lfl,élf)ﬂ) =34.4°

2 2
l—n
(b) At normal incidence: Ryg=r¥n = ( I ) - ) —0.0347, Trp =1 — Ry —0.9653

I —1.14582
1+n

1+1.14582

PR e s A 05 45° — \/(1.458)% — sin?45° 2
cos# —v'n? —sin 9) _(LU:»-L’) (L.458)° —sin“45 ) —0.0821

At #=45% Rrp= — | = -
cosf +vn? —sin?d cos45° + 1/ (1.458)% — sin?45°

Trp=1—Rrp=0.9179.

(¢) At normal incidence: Ry = Rrg =0.0347, Trp =0.9653

2
_ n2cos T anlg
At 0=45° Ry = ( n* cos # ++/'n® —sin* # )

2
—(1.458)%cos 45° + +/1.458% —sin? 45°
n2cos 4+ 'n? —sin?

(1.458)% cos 45° + 4/ 1.458% — sin?45°

Ry =0.0067, Tray =0.9933

(d) Use Egs. (23-28) and (23-29):

For incident angles less than 8, ¢y = ¢ =0. So for §=0and 20°, ¢y — ore =0.
For ¢ =40° which lies between 8, and 8., ¢rar —drp =7 —-0=m.

For 6 > 6, with n=1/1.458,

oy —dTR=—2 tan~! (M) + T+ QI.au_l(\/Hmin)

n2cos cos#
f=>50°: oy — e =2.43rad =139°
#=T70° Oy — dorep =2.65rad =152°

#=190° dryv — drp=m=180°



23-16. (a) By trial and error, 8 =#.,,,,;, = 59.857°, so that with n=1/1.65

‘s . o VsinZTd —n? _of VsinZd —nZ _
2(érE — ora)=—2tan " T " |4 2tanH T — = | —7r=—151=7/2
cos fl n?cosf

(b) If 6=(1+0.05)59.857° = 62.850° :

2(¢rE — o) =—2 I-HHI(

VsinZf — n? VsinZh —n2
0 " |4 2tan Y S
cos f n?cosf

)—?r: — 1543 7m=0457T

If #=(1-0.05)59.857°=56.864":

2 (b1 — drar) = —2tan—t( YSO=17 ) o[ VIO 6= 0.539 7
’ cos nZcosf

23-20. Consider Eq. (23-47)

cos

‘08 f
1=r%+n (&) t2 n=na/m

05
(a) External Reflection: n >1; 6, < #;; cos#; > cos#. Thus, 1 — ri— -n( (fh_(; ) e S e
Since 2 < 1, 12 < 1. o

Internal Reflection: n < 1; 6, > 8, cos#;, < cosf#. Thus, 1 —r?= N(%) 12?2 ] —p2

cos
No upper limit is imposed.

(c) For the angle of incidence equal to the critical angle, sin# =sin#,=n. Then,

A 2cos _Q(:L)sﬂ_
e cos@+vnZ _sin?h  cosf
2ncosd 2

trm = ————=
n?cosf ++v'n?—sin?d n
(c)

Internal Reflection
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