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Nyquist-Johnson noise in a resistor

Consider an RC circuit (see Figure 1) with a voltage measurement across the capacitor C. The thermal
charge fluctuations Q(¢) on R are also the charge fluctuations on C' (why?). We measure voltage fluctuations
U(t) = Q(t)/C in a time interval ¢ € [-%, 2],
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Figure 1: RC circuit with voltage fluctuations measured on C.

Consider the voltage-voltage correlation function Sy (t — #') = (U(t)U(t')) and the power spectrum
Sy(w) = |U(w)|?. Assume that we perform v = 1,..., M measurements and the v-th measurement
gives the Fourier components
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with w, = 2, How would you obtain the correlation function Sy(t —t') from these measurements in

the limit M — oo? Find a relation between
tn/2 )
R f dr e“n™ Sy () @)
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and U(wy). Then take the limit ¢y — oo (wp — w).

Now we go from the voltage response to the charge response. Consider the circuit in F igure 2 with an
external voltage source V** and the resistor at temperature 7.



Mypoiat = Jobntes S

RC Circuvlt l I

c
==
i
Q(
o

— Vetse Mkhaki. UCE) = 2

o Cl\av j(ﬁ-u(au: havy (—,LL(_p-.q_,e J On R are ohan
(/q.:;/z)-,f_ %hc/‘kd b s D C (JA?( Con i ﬁm_ ))

e it i &({,) SRV S ’ f:.,/z\].

— Mlhpure q:;vﬁu Commpnen b 2 U(Wa)
/2
(v) Naer Wt W)
T Ty - ﬁ:ff”t S
-'tb/ /
gl
— Cowelofon ;'M-vt"vu vi's aVCrﬁ?r"wa,.
%
< Uty H(t‘]2 = /-7‘— 2 U0 UE)
Y1

Moee o Lttty S & -t



L

—_—

o
Sh(u,\) = _JO('TV 8f | SJ(T)
o
(da/a\'o\ b{\‘bﬂb_\ SL: (cuh\ QM'(— U(C\Jh) t.Z'
b to/‘l
B A , - (G, T —
Sulewny= - J At ¢ _{—Zu@)m.) .
~ %y 54 * i e
it —ep(T+T)
bl . | )
t _'\ﬂk{r{d ‘ _/L de "l‘(&)e'f'@e)g‘w ({
t’ _,,é/ b - (C')Q)—‘C*)')
'T‘—t‘/i\tézmzf: g(wef) o)
U(U £ real =) U(-@,L) - u%/‘*’n\
21
> L(c._,,\) =L Uy
> Sl =([Utw] Ty et ey
Vuvg,( jﬁ‘«o‘uo}‘wﬁ
o J‘NJ_&L(,J—,& Q{AIJ;Y‘l’bl-\.l\"\_. V™



= pewr Jpeehun o} e JIolasic vanable U

Won—v ey 0cklen c4'lle "

Ju Mmmary {‘w ML le ./{4 ra s Ao l\J U(é) /n

Q fmy }'V\“{ :'ﬂklvav".
=3 ’{—;mu CO@(%’ cren b U (("‘J"‘ )
=5 Sulwy = JU)]”

=3 _ru[ (LA) 1£"f {o e ¢
r-e?a«wb—a«‘éréc “
> $iol s e Towr bansforn 3

’\’tne Cowed ok Jw\c . _(;(f%t)“‘—:((,{(f)g(w)

[/\jiewU fk:iﬁ.'-.q}(L.'m "H’\Q—Of'% (4((:(0)/{?2“()

I

e o show ek UL) UM D= 2 Sfa—t) S )

S Ul emd URfe) are s cameladed for dote
' e SM(E'H only deped, o t-t!



Vo [t=
3& rufm.m - GL
c.r?(, reaps e

= cVever)

V@yé o
AT A
(v = —V=tw &
+) &

= Mgve s
A A
Wl s e SR
el ety |
X
)

Vile] —> R P
(N ve Hye 0) | ( :
| SETD

R v
R
= R
T T% (
i * Ky
‘\ ("*) : d<&> (" .
: - 2 =
fountes [ ' A t : il '\_/_’ZL
— IC> —_ -
Jﬁnc <Q(c-q)>i ld@
L



boneitly.  QU> =), () Ve

et
5 Kag b = A e
Ly £: ___(L
iy e L A T e




iy 1 ¢ puky e o ()

(Ml = 2yr & o

\ /
Vvim e i !

R | I Metstid “‘& }W»\ (1128)
ok dariad by Mygurst (A12)

JZMUL '. (1) 75( (€ nYor ak sz_yal"ure S J’\M

O&a(?; %(;fba%m ; hoiA }&uu’ai—{
oo tloctical. chatal aaf ./AM%M,
an)('djﬁ %f-uf‘« c/hern L{é&} ) o
aqe &%WQA{A oA M ‘ T

[ eak ?p\uﬂco( o 8 rendear s
o e A é&&me{ (.Jflf ,’M{ &%
‘Hﬂ‘l* r Mﬁ«\, ‘Z/sﬁw VL&.Q %« 7% LA

TR e fa&’ﬂm @ﬁ%\

0" diai | beliee volatis)
(4 Le prue Specnn Q/c») ho Co0 iy
Reeguency —indepondlen + | “ibile hain

=> Mb&oﬁd&*ba P(u\({' #T) UK{}BTZ‘L&TK J‘(T)

= dicp o Churys —i,(u (wgg :Zh”[ofw di é%

L



p—

=) (equires c7uaw£4rh Corre s,
[afrmcﬁ:j preposed ;27 /V77w-f}/

For Mt mmmersed /o(u\ -]  FD7

1 A o
Cbm, (CA) = o 7'IL, )CQQ((”) Cotl (7-1:-1:)

2y,
- R L{LL@ ¢t HZ_‘; “;(
Ex = [~
7\ )70[%’ 1R EDR
Ao b fee
kft"fe/‘;

J’Lu“.\ J“d"‘\ L C'fc.‘--%
%l _r‘,reg/( b? /1-/77&3_()

01/-"’454(7 5?/7@4/) /N Gy

Coliv  tomle 45/ %‘164//7’%)

— 7 wd aLoﬁ 7N é« {L}J-fgr/a,r*-r(,( ,- /4,”.)_ ze//h
S’}"'M Dé'u{/%k f
2 gpens . (N Rle) = ot v ipesvect
(J‘ur} b, co- (A2 rnolion, | (/&‘F
o ncadect Bt a dampy omxg.:»t«>
(2,) J7rvm fu/fa{ 7&/« CAnue b Le ——

Qapowh defe & o /ﬂ.,&‘ourt"m&'ﬁ/- 4

o




