Communication Systems

Thermal Noise Power:
The thermal noise power in a resistor R can be found either
using voltage model or current model.

Voltage model:

2nB

1
VE(t) = P J’ 2kTRdw — 4kTRB volt?
—2nB
(Or 4kTB watt) R
S free
r.m.s noise voltage= /Vnz(t) volt Va'(®
Current model:
2nB
1
2(t) = o f 2kTRdw = 4kTRB volt?
—2nB
(Or 4kTB watt) .
G=1/R
r.m.§ noise voltage= /Lﬁ(t) volt — S
i, (1)
o
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Communication Systems

Ex 1:

Calculate the r.m.s noise voltage arising from thermal noise in two
resistors 100 Q and 150 Q at T=300 ok:

a) Connected in series
b) Connected in parallel
Solution:
a) v2(t) = 4kTRB Vv

= 4kTB(R, + Ry,) = 4x 1.38 x 10723 x 106 X (100 + 150) x 300
100Q2 150Q

= 414 x 10712 volt? _wo 10
- R Ry
V,rms = |v2(t)=2.3 uv v O
b) 12(t) = 4kTGB amp® .
= 4kTB(G, + G,)
=4x138% 10723 x 300 x 106 X (— + —)
100 ' 150
= 2.76 x 10716 ampers’ *
— Gl G
, — RONOIE .-
i,rms = [12(t)=0.0166 pA 17100 ] 1/150
. . 1 *
The equivalent parallel resistance R, = v 60 ()

o Vims = Ipntms X Rgq
=(0.166*10°)*60
=0.997 uv
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Communication Systems

Thermal noise in Amplifiers:

The thermal noise power in amplifier having bandwidth B and Gain Gp
IS referred to what is so called “noise temperature Te” raised at amplifier

Input resistance

RiT,

Available noise power in amplifier

Noise Figure:

P, =KT,B ..

It is a ratio of signal-to-noise ratio at amplifier input to the signal-to-noise

ratio at amplifier output.

SNR;
= L >
SNR, =

For ideal amplifier

F=1

Input noise power: N; = kT,B
Input signal power: §;
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Amplifer
BW=B
Gain=Gp

n;(t) & ——e 1, (1)

Si(t) e— e So(t)

(referred to resistance connected to amplifier at ..
...room temperature 12 ¢-"25 ¢)
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Output noise power: N, = kT,BGp + kT.BGp
Output signal power: S, = S;Gp
F Si/N; Si/kT,B

~S./N, S,Gp/(kT,BGp + kT,BGp)

T,
F=1+T_

o

Notes:
1- Sometimes F is represented in decibles

FdB = 10 l![)gl{) F
F
F = 102)
EXx2:

A given amplifier has 4dB noise figure, a noise bandwidth of
500 kHz and an input resistance of 50 Q. Calculate the rms
signal input, which yields an output signal-to-thermal noise ratio
of unity when the amplifier is connected to a 50-€2 input at
290k.
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Solution:
N =kT,B =138 x 1072 x 290 x 500 x 10° = 2 x 107*° watt
n2(t) = N: X R =502 x 1075 = 1 10723 polt?

F=4 dB=2.5]

po SN (S/N); = F(S/N),=Fx1=F
(S/N), I °

Se(t) = 2.51 = SZ(t) = 2.51 xx 10713 volt?

ng(t)

~Vrmsg = [SZ(t) = 0.501 pv
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Ex 3:

An AM signal of 50 watt power is transmitted in a frequency
range 100-103 kHz in a transmission channel. If the additive
noise power spectral density (two sided) in a transmission
channel is 1p watt/Hz. Find the signal-to-noise ratio in the

transmission channel.

Amp
A
107
f
Solution:
) 206m*103 | 206m*103
N=— j S, (w)dw=- f 107%dw = 6 X 103 watt
2T T
2007103 2007103
SNR = > = —2— = 8333.33
N  6x1073
SNR;z = 10log 8333.33 = 39.208 dB
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