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Quiz/

Calculate the maximum value of the work function of a photocathode which could be
used in a photomultiplier to detect green line of the HeNe laser of wavelength of
543.5 nm.

Solution/

The maximum value of the work function of such a photocathode is when the
incident photon impart its energy to a single electron giving it only amount of energy

¢, the work function. i.e.
1 2
E:hv:¢+§mv = max

The maximum work function then is:
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_hC 6,626 x 107%*].5 x 2.998 x 10°m. s
Pmax =5 = 543.5 x 10~1°

=3.66 X 10719] or 2.29 eV
) glae Foa A Al

In Yoou’s experimeal For interfeveuce, the separation of neighboring bright
$ringes is approximately AD/d, whive L is the wovelongth of the liglt wed,
D the distwnce from Haktr—tu\w.'es te scraed awd d is the QGFMl‘ml of .the
sources. Given thal the sowrces cuwe 2w cpmrl and the screan ip 0-§5 m
aporl from the sourcess Find the ;h:uge spucing Far the ved line of o iHeNe
lager (A= 6828 vm}.

Solubioun ;
Tue sepavation oFf ueiﬂhbw:nﬁ N
bright Fringes is : P]
.l_,. = _‘R_Q-- Som'cc* )
: 1/ Iy

Irradignce

-9
€328 X120 ‘m %X 035 m disknibution

Ix16™F Sermand

02T wam

chg%u 2
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5 Cﬂi‘;““tc the Goaussion Leow divdl'geuce 0? HeNe laser (A= 633“"1“)

Which hus o comfocal Caviby -with o minimum beam radius (waist)
| Wy x0.22 mm

Solution:

The loser beam dwerﬂeuce-v--is caive» by -

2 ‘r
& = In_' —-L- — 3 e
‘Ol‘!racqj S (TWs) ST —I— o J'_ 9
= S'MJ ( 633}{10-3“‘ a T L
' WX 2:2X10"“m

2 0.914 mpad
(rad = 180 ———degree)
= 0-0520

F. Calculate the koo d\wwaenms M o semiconductor ( GmAS) l-cser
{2 = 900 nm) whose sctive region has cross-sections divensions o?

B pm X 10 pm, perpendicular to the plang of the Junetion .

Solution :

An aparture of dimeusion d Fves rise

to am Ma«-ldr divergence Fiven l:b

Gua Ag \ 1A
L :
e siaT (kAzd) mesil ) 1 A
e
Wher [k is o mamber of-srder wnity (k=1). z : :
therefore, .
-1/ 500 x B
8, = Sin °;’x:£_6 = ) z o3 rad = 172° diveygences

9 - Sm‘ 9oox1o‘9m

1o » ]‘Q"G W

)z 06.09 rad.z52"
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1.7 Compare the coherence leugths. of cComveutional and luser radiation sources.

. 5I§ the radiation switted frone o low-— préssuré Sodium Iq...P with e tﬂf'f“'
linewidth 5f Sedium D Yines. { both lings takew togalher) ot k= 589 )u'm is
B x0T Hz |, and i the luser radiation ub Az £33 wm smitted Frame

:d .HEN"" laser °Pe"‘d‘""‘5 civee siuﬁle wode with linewidth of 1MH=z.

: Selubion:

' The coherence bime ( e = Le/c> is the time tuken for « source +o jewmid
a wavelev%t,l.. of - length—Le - where ¢ is the ve|o¢-‘0.5 oF |i3!nt-

Mg cchevence time is reloted to the linewidth of the cmistion (aY)ivia

-t H
& efhld a7 —

3 1 N Lc
e AWAWAN
1 12 0' :
t. = = 2%16 § \/ \/ U
T Bix10’ Hz [ |
t TR ANANWANE
hew, L. = Ct, = Ix10 mS X 2X10 5
o = & x 10-“3-“ = 0.6 Himr 1 \/ \/II

fva identical wanetraing of
Loyt by -

We mtay contrast thase values with thege applicuble o tha HeNe lysew.
1f the luser i spereling in a-single mode stabilized to 1 MHZ , thew . the

taherence Lime is,

. = 1 = 1% 10" %
© T T X106 Hz

= -
thenm, L. = ax 10" wis f'x 10 %5 = 300m

Now ¥ the HeNe taser is-apem‘tinu in memy mwsdes , with lLinewidih is atbout

1560 MH=z, ﬂ“":“ﬂ w Colerence -|en.ﬂth~=€'

1
B s % 502 m

=3 __
T15@0 x 106 ¢~
Lthen, the coherspce lengthis seme

Le = 3x 10

1500 times less.
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1.8 Calculate - the brightness of « laser beam frow o HeNe laser with an putput
of' 5w, and o baowm olwei-ac;me of 52x107% rad. 1§ the rudius F the ser
spot s oF mm .

" Selutions

. Brigktness is defined as the power emitted per wit area per unit solid angle.

‘T'ke beam dnverﬁme 5.2 X107 pad Can-e.spe.u!s 4e ,..;9!;4 ungle of (T % 6% .
N o= Te? - T(5.2x10%3% = §5x10 sy

The laser speb are is (T x r¥),

i A= Tr? =z (o3 x-m'GM}z-: ?.-wa'?m.

- The brigiduess of the luser besm is,

B = F 5x107° W = 2%10  wWa s

I TTAXR T (a8x167 TP (850107 5k )

' - 2, -1
. For comparison purpeses the hriak’tness of the sun is o mers 1.3 X165 W s

Mote: Brigkiness values us high as 102" wwi2sr! howe been achievad Using

| en Ny glass laser Pollawad by optical amplifiers.

149 Cousider o 1 mw HelNe i-l-.s:’,w-(-—l_— 638 nm) with « -pr.-cu-sinﬂ bens of F| rantber
:g-{mi 1 . Determing the powen-per wnil orea of the Famins Joger beanm.

Solubion :
All leger beams posses o swall degree of diversence . The Gousgion luser b st
il a%vemag «{ 59,-.9,..4) ot cpmpurutivelu luvge distmnces Frem the laser qlu.tpu.z. .
A sutiable Focusing Ccamverying ) lems inserled irto the diverging badm L
the situation; that is Lo producs. o converging bemm thel is focused ot distance
nearly esqual to §, (the foeul length-of tie leas).

The focused beam rudius is given by

re = -&—?«.F ; ‘
wlvehe F is known o5 the F number of the lens and ig ﬂwl.w by F= F/Dr

..... wk.e;-e £ ond Doowe the focml lensth omd dimmeter of the-lens -

- D -
. y ¥i— g
The pewer. per unit owea-¢cirele) is e1uul to !
P __ P P e '
AT TRt T W2 aF)E T #4a*F7

- B4 x(1x 1073 w) T

4X(633x107 %)% (152 F
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9.'1 Calculate the rutis of the vates of spontancous and stimuleted cmission (R)

for-the light emittad by ew electric discharge in a gous cuch ag Neeon iy the

Helium —Neon ( HeNe) lusen. 1f-the discharye tewpercture is 3F0 K Sor the

14
|rad live pmJn.u:sel by this lowser, wehich has o ?rsquewcd of V=434 X100 Hz-

. Salutle-’l: .
‘ The rotic 6} the rotes ol spontomeous and stimulated ewission is given
||==';j- the-Eq; - —

R = Nz Azt

NR Baiﬁ; ‘

| wheye, Am . B, are Congtonmt caligd Efnslein coelficients and the pelaiion
|5HF be.b-ven thesna ;5, r

3
| Azt = Bag 8_‘!1'&[4_5)_)_ ,
Ny, is the otoms per unit velume in enery level B 5 ound
! .5 Lis the enerygy Jcns.’é_.t'--a? such photons and Caw by descrikadd ba)b],,e, Eys
i

p . BThY° ( 1 |
4 c¥ exp(h/KT) = 1

. Sﬂhstitu“ng Sor, Agy- and £ Eqs, /v the ratie Eg., thes gives ‘

R = (__lm _
| P T 1
.. ¥71 4 1
CETX10 2.8 X HFHR10 &~
138 x 1073 4 X 3F0K

i £1-5 '
= R=¢€ |

‘ R =exp

Rzﬁxw“ , |
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H 4

,21[2- I o mstarial & 300 Kk two -eneryy levels have o wavslength. sepahd-fau# of
[{ gt . Detgrmine

fo> the nitio of upper to lowen level population densitics when the wateriall ic i

thermeal equilibriwm..

b} the effective tewpetature when the levels are efuullj pepulated; ‘
c) the effective Lemperoture when the upper level is tuice of d‘"salg Pi-’f’“"'{d
ds the lower. : |

l

! Solution: |
! AL wormal voow ‘tempev-at‘ure, the lower enersy leval Ny iv o waterial '.4 S
Idmels- populsded thow « higher energy level Ny according to the Boltz"‘r"‘n

| equation ag [

€ M___e /KT - e(Ez -£)/kT |
| Ny T /KT

| or . _

| T - (E2—E)

| ok Since. Es D E) wnd N> Ny > the tewmperaturs is positive as ilustyatead
|in Fig. . ‘

~ /|
| E? ﬂ E.‘l W/ i
| \ Tad T / I T<o|
|En9’ﬂﬂ | \ Encras / | i
E! ‘__ll‘——-A[.\ 51‘/4 | |
' ~ ] [ .

o — i | l

N, yy; !
Populstion g’e.us-'iﬁ' s P’Fﬁ:",t,'"“ density —
Howaver, it is rossible '-u;\tlév'ﬂ:evtai'n conditions to make My >Ny wi
Ea>Ey- This is knoww ag poplution inversion ond Prowm Lhe -@upression f
Trabove, it will be-seen that T has o regutive. valus ad the effet ic.

thergfope qﬂiir‘ull'ent te d-—ﬁfautf\le tewperature , This in< ilhestratad i F"-‘a- .
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(L) Na 3'52/w
Ny g'Ei“'(T |

‘ . .ond for travsitions bebween—eneryy levels X = hc/fﬁ = Ey)- Hemce

! (Ea—E;) _ hc _ 6624 x10 % 1% x—.”vosms" 8.0t
| kT AKT (0 Cmx1.38x10 73 " xBoo K ’[
with ) NJ /Nf ='€-48.0L sma 10-2’ ‘
l ‘
fr)— ; Nz/Ny = éf‘sz:EO/“T = 1 |
o SUEazE) _ioo
| : .
and T —= * &0
|
|
id N/ = e~(ETEO/KT 2
—(Ez-E31) )
or —_—2 = 0.69%3
KT 7 ] !
- 34 8 -1
‘ Wlbl' T_‘; —6 5626 X 10 38 X3 X 10 ms =—‘3|0ﬂok

106 m x 1-38 x 10728 3 KTx0.693

/2.3 For = systew w thermal equil ibrivm calenlote the tamporature ot which
he rot€s of s?autuw;ous---nué stimudated emissior are e1uul for- o wowvelenath of

o pom and the w.welengtkﬂt which these rates ave gn[unl ol tempereture &% fooo k.

| Solution: |
AL A= 1opmm and R

| R:exf’(i’ﬁ_r)l= 1, then salve for T, te 3cﬁ'T'-= 2018 K
| For T= 4oook wnd Rm 1 - -
he
Rz exp ( 1.k'r) =t then selve o 3, o geb X w2 pne | 20
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Optical Resonator (gl (U yall -35 palaa
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(= Pumping gain geall s dase o) 54 GUall aladiul e i)l (2l Optical cavity
Lo 8 Jans sl) DA Sl 5 guiall plall (aiemill) a1 a5y N cale Q8 (3 Sy Jladl) Lo )
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Al e Jany L5 oIy 5 Laa el il apiimtll e 30l 3 Ml g cpa 3l s g S guiall
(OB all € 55 Jiay olial 1-3 Sl ) 5l

(End mirrer) M, -

tooy, >

|
[ M2 {outpul mirrop)
(Rraﬁec.t-mc.e

90/ «95,
I A T T L (Ref(;eémce

; Act.iv-.e . _N-_é.ist;uh P '—> sutput Loger

e mirrer Sepoavetion (L} "
el s 5 1-3 Js
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R =wm plane-parallel Ry=w0

- L -

R\=L2  concentric (spherical)  Ry=1'2

Ry=L confocal =L
) hemispherical Ry=w
Ri~L concave-convex Ry=L-R,

e all AQNL) ) A (2-3) JS
s Qhall 4y ) i
5Tl L o 3T pall 585 e i R 355 0 Ll (o558 0o ym 6 pms Adle 3 pems 53,080 el o
L s L3 iy QI gaa a3e 5 3gaall 3 jlud o i La 138 5 4 siall T jiem s uaaall Ll 5 3 aiall
o Al T3S aia o guiall agd adny IS0 ol el el 48 05S (1 e Wl lial 5% g
Sl Dsae e T W oa Jual 5 o guall il (585 4 il e GUoall Wl glioall [ sae
e it iyl (3-3) o IS5 Lk Lyl g
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Al & Gl jall haiia habadia (3-3) Jed

5 Lyl Ry, Ry, L paliall qaiati (i yall &) il 0

0919 <1 .3 =1)
g o)

Slo gr 48 0S5, (4-3) JSE ania gy LS )iy Tabaday (i jay Jaladey )iy da b Jiid (Sa g
Lol (gaas Allhall 3hlial 5 g1g, = 1 2l (oinie anyi o | Claliall ) sae e gy 5 Clisall ) o
)y il asiedl) Bdl) Wl e e (U el aads Al Atz sy (L lyal quiad)
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hemlspherlcal I:l
pla ne parallel

[ (‘]'
concentric
('11 = 1)

=

co nfocal

]

concave-convex
(2, 1/3)

Ol pall ) i) Jabada (4-3) Je

131, daana gAY 5 xke Laalaal (R) LsSi Ll Ciaty 0l e 13 (558 0l pe Al jfiul Canal /0t
1.L=2R  2.L=R 3.L=R/2 : &SV (L) Lein Al i<

AN
1. 0:10:=(1-L/R;))(1+L/R2)= (1-2R/R) (1+2R/R)= -3
0192, <0
e e (el

2. 010.=(1-L/R1)(1+L/Ry)= (1-R/R)(1+R/R)=0
Las it Gl yall
3. 0:10:=(1-R/2R)(1+R/2R) =(1/2)(3/2)=3/4
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