Examplt Exteeoott

Aragli bt pogd oty r

2 e ety -t ity 1
Ets) e Wk —-?i Alti=es, w.{f ~=. PG il ¢
" |
F el :____I_ .' . ! P
| ty LA
r.’[ A f{j : tes” ant e, J J’_,}_\_I____.
PEME-F cLighyint gr
f""ﬂ.:’.:mf{rfr; F -"-':Iu' ¢ ﬂ'#f‘?;ﬁr. éu corilen H({] = 1, f; 4 H tvo o, L
oAy Cwbal s gt ped ‘-yam-m? AT oo, |
cdel  ART N A{E3-wil] kAT
) -Fe ¢ - F, ¢ ¢
f{}f kg «d se (Sma it phant 5t )
[,_,,tff} ~ E:HH;HH}{: { -f‘.{‘"f.z“* r,,rt.a.;f,_,
L _ . k.~ . e -1 i
ot lind - L, tiwd T aé:lﬁ_(ﬁ,iww;) \ f_...c'w+w,gj
L
of £ qlwd™ £y b (o) = ul. T i T

Lty Nrawd il |'E_/1 Ard Ter

_ 1
te veLaod fodts E,#{E:‘J < E,,: (Aza) Ll v aktHers it *(#EH]WE‘*J-




e eptPree e ugaiawe _}_4: {w;.[ -

I T N -

S _—H'TL?ILEL f—

e LB EwewE(ety
- Btey: PrseEe Bl
B 7Py V= Y\l WP aad
- - ____;-%_E_im;'“ 1{: |+ fi/tfﬁffirﬁh"w%f?

- .“j___“_-_Jf_tﬂ)] [ j+2 +29T et oh)

B G L N

 9hese EUW) 05 4 aipaal gy, avdie
- : B VAL 4 Y A N
s = ./’ e
o ghdnly ) oy wit i frtiisdh

s ;—f{é—fﬁﬁ*
s, W]

o _%fﬂuﬁrm ";(Pﬁigwg (F(ﬁ)é 4{5'
Aff“"""’-ﬁ')*ﬁ'

Ca(Beny s Eleewy)




o f%n‘t*/rahpf ]ﬂ.rf'af trnn

o "

|| wTaif : :

[ Sht i gy 5 i
AvSving B Ernyaﬂu.ﬁ_jjm'ﬂ bt od vy f 4, £ L

{l&v-'} 7 _Lomp {w/ﬂug [r;;ih”

' VIR /s
tx,f;{ f?"v‘h—v: F{ l.-u\) = (E_ - /du‘- ) ) I':i”""nf"r: H&"’GS
2 Grew™ - Ha)

i Lirme deran to

FiLl = 9t£\-§ hit)

u = -Lw-wg'11fﬁu:. VR - s,
| o p 4Tt ey
gitd = € fre Ste
| "dlwvt _i1f,£;

Zined ?*;E l':t_li_ml'lf(;?uj.s " (HE-E.) LJ*-J’( L”}é,{%);

-I-p B .
il let A, - ﬂ?f{, .C“ri. % }r{g 1“' E ﬂfﬂuud’é,-.}: E,“_.i.
ke el
|_] . ".'._
it g
i FHJ ﬁl’iﬂ&h(‘@ | ﬂ“fa..( £ € @fﬂ'*—abzé/f,\>
HE Aw,



Liear g y oo £

= [ ¢ ]

‘-?.

C
Py A — 9 ()

. 7 , A
3&.3 = SEL) 3 gf{ﬂﬁgrﬁnﬁf%ﬂ/:m

)mmr‘- Hﬁ S.{an][:i{]* e }{\1 H;\;} B Lh€{£)+ L)\.Zé:(lnl\:

1€, *—“,ufufﬁ;ﬁaq by,

Cit:ﬂ'"j_f"’fﬂ""ﬁnf !p g f J‘Pf{“t;)) = ﬁ{&tﬁ

e The frovp of = 19 Livat i P aeat.

-
=
S 16 ‘“’?ﬂ oty g -‘.;r all P

r-:—"]-“?'":'-' {j;f "

LST Ef?‘{r?cf,lﬂ-ﬂ 1 patl B

Cav's-p ff,f:,' L

Iy

in Tint Lfﬂﬂwizﬁ Wf.;qf I’“L_f'ﬁ'ﬂq' nf IL«ﬂ,t t un'{ fﬂpf"if'“ufﬂféﬁ__

[\ter fovmes 5 T

] —7 o

-;'T" lﬂ bt

g jﬁ{'ﬁﬂ.{ qurﬂ e {‘il;}pﬂ!ﬂnr

€.9. ﬁﬂ_kﬂfﬁ/f"'ﬂf‘ﬁf?"f Z 14 ffﬁﬂ t

_LL 525 AL r;fb_-f__f mr-’"iuﬁ:éﬁ
— -

} .3 '%J

Slif i

ki C.H;,Sifgm jﬁﬂl £t vy ih}[futqrt f@ﬁ(h‘?‘“ r’*f“;z:iﬂmw‘al}' dE_J"IA,{&{ﬂf_r_J_W




Lovpulse nesponse

%-:"{bﬂ.ﬁfnq U;I.F-'vf' i(ﬂ - Uf'}f'l"ﬂfifapffﬁf'#f}{

o~ .
b{_y_?'}: }f'r?:-rf' Sowvrce .

Fat

%Li) = rJ Eh“i\l = f'mlf’rf';'rt LG ause

A4

i}{lfhéﬂlfh S 4, o frn W) i ShEE iavaniant

'ﬂ".r“‘!ﬂ i"“!‘?:ﬁfﬂ*ﬂ;f E;nﬁmr r;f&' ;g/ﬁ oz L‘}I ’{E&hm;;

v~

™, o
[ramnattr fwitchloenS

= I

“o tJsl

o I;VFEJFTE.- f\[‘i\.‘. \} - f’t

_— 2

=5t

) - 2 T - Aee
x Jéf![h-’aj J[\H)

g

"'prl

11 lvaed § e = Liggn f':-ﬂiﬁﬂd

waq ) = £ ir_'jf-'l’ earfung ﬂf#rﬂfﬁ&\

Ay m;ﬁ”, Frile }i:aﬁflaw' L?Af.ﬂf e less)

_CGplMs) = lj?'hqt,e:jmﬁ‘f

f}x P ave Y ia | rqf#c"!luﬂ

e - -
MJLW’) T framsfes Fonctorm




(e mgasl gt

@Ql:;iru]f zinW)Mtiﬂﬂ

i ﬁ?rlr“-ﬁﬁ‘r gP tﬂrncﬁ/qq n/ t Héi( t

a(f) : E]fh[ﬁl ;E %LLE");T it

7
- NPV bttt de
. f ol
-&_anh‘#{rl ,«Iq. i v | b e =7 ,‘1_;{"' "'l-'ffr?"‘_r

¥ fﬂvtgw p nid

Giwl: Tifeht - yﬁw}ﬁwj

e :h'”m"n’ 4o Firnetigma .

w922 cotited
P ——

Sy Gty Charsilp i zn b tn

Q 172 Ve A =1 st A Gl ﬁwLﬁﬂ-—sl

2 Hiwy o g t ot " oy a"ﬂfE]
T LLLJZL‘#L_%L'&—'F

1& Iwﬂg{' E}ﬂ A s b (£) pyolse syl

=7 H{w) E}"SIIL\““"‘I

ﬂ]]jﬂm.ﬂ.f‘?l-u': ! 7{\{{%!-*’(1 Tt may s 244! I:? #:“!.;: ﬁmﬁ“ -,g
—r b —— 7

flaase ebFeds comprol o wlfrebasi ;"w"f-c-’-..




1. calculate impulse response for etalon: what is the output if we have a delta-function input?

The output of the system in the frequency domain is the product of the spectrum of the input
with the “transfer function™ of the system.

1-r* 2nd
H(ﬂl)-m‘r_f—(ﬂw é-kn'zﬂdﬂ—r*&]-ﬂﬂ

The thickness and index of refraction of the etalon is  and n, respectively. The round trip
transit time through the etalon is ©.

Here the spectrum of the delta-function input is constant across all frequencies, so we can get
the impulse response by taking the inverse Fourier transform of H(w):
] | [<r® :
A(t)=— [ H(w)e" doy=— e dw
(t) 2 JH(=) 27" 1=’ exp[~iwr] !

To do this transform, we can write the integrand as a series (recall that’s how it was derived
in the first place:

2

H(w)= — :‘:;g[—fmr] = (l - r’)[] +r exp[—ior ]+ (r1 f::q:-[--imr::])2 e J - (l -r ),21 r*" exp[-imar]
h(t)= { ;;] f;r:“ exp|~imwr " dow

We can exchange the order of summing and integration, and do the integral, a series of delta
functions:

1-¢*
h[r} = { = ) E r""‘fexp[fm(f - mt}im = (I - rz) E rH8(t — mT)
T e m=i)
The first in the series is the transmission of the input delta function, the second is another
replica, delayed by T and reduced in amplitude by 7, etc.
2. Next we do the convolution of the input function with the impulse response. The input is a
cosine with a rectangular envelope:

g(t)= Eyrect(t /1,)cos(w,r)
the convolution is

flt)=g(t)@h(r)= j‘g{t’)}z{r ~1"ydt'

1,02

=E, f cna{muir'](l—rl)zrz‘"é{!—f'—mr}d:'

—1, 12 i)

02

=E,(1-7) ) " [ cosa,(1)8(t ~1' — mr)dr’

Mml} wl 2
= Ey(1-1%) 3 7" costan(t - mr))
Ml
This last step carries a condition along with it: —¢_ /2 <t —mv <¢,_ /2. Fora given r and m,

the delta function is either inside the range of integration, or outside.



: L]
Here we calculate the Fourier transform of the input, multiply it by the transfer function, then
inverse transform to get the time domain response.
1. Fourier transform of the input:

12
Glw) = f Egrect (111, )cos(w,t )exp|—iwt|dt = f cos(w,t )exp| —iax |dr

=1, 42
We did this in homework recently. We can use some of the theorems to do this transform:
Convolution theorem for the product of two time-domain functions:

ﬁ{a(r)h{r}} = _—ZIEIFUH’}E}({U — o' )dw'

The 2n factor comes from doing the inverse transforms.
I{cosmyt} = 27(18(w - @, )+ L8{w + e, ))
¥ {rec't{r / I,,)} =1 _sinc(ax [ 2)

(}{m} - i‘f{a‘f“rw‘f[i‘ It ]cusmn;} - Enr—;‘(Sinc (E‘u_;’g)lw - I[m+;rlﬂ}f.,,- ]

2. Multiply the two spectral-domain functions and do the inverse transform:

f{r}n oy-! [G(W]H(M)}-if[%(sinc {m-;%]i‘w + sine (m+;ﬂu]iw]]] _rzL;;{_im]

2

explimt |do

This looks pretty hairy, but we can use the series expansion of the etalon function again and
apply the shift theorem:

(1) = E;;I[Eu %(Sim{ﬂ:;ﬂ}i+ ginc(ﬂ“‘_;;l“_).f:.}](l i r’] 2 r*" exp| —imwr Jexp|iot |dw

- (I - rz) E e {G’{w]exp[—imrr]}

)

:(l —rz)E r'"g(t - mr)

= En(l = rz) Z rz"'rmrt(f —Imt ]ms{mﬂ[r = m’r)

W

el

m=0l

Note this is the same result: if /-mT is between +/- £,/2, we add to the sum, otherwise we get zero.

Generally, convolution is more difficult than multiplication, then doing a fourier transform.
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