Problem 11.12 Compute the noise spectral density in watts per hertz of:
(a) an i1deal resistor at nominal temperature of 290°K;

(b) an amplifier with an equivalent noise temperature of 22 000°K._

Solution
(a) From Eq. (11.19), the noise power spectral density 1s

Ny = kI,
=1.38%x10">x 200
=4.0x10™ W/Hz

(b) From Eq. (11.19), the noise power spectral density 1s
N, =kT,

=1.38%x107 % 22000
=3.04x107" W/Hz

Example:
What is the noise level, in dBm, of a resistor at 17°C (room temperature) over a 1 MHz bandwidth?

N = kTB = (1.38 x1023)x(273 + 17)x(1 * 106) = 1.37x10 "17x290 = 4.0x10 15 [Joules/Second] = 4x10°15 [Watts]

In dBm:
1x101> Watts = 1x1012 mW =-120 [dBm] lebo 10log 1012 =-120 [dBm]



Problem 11.1% For the two cases of Problem 11.12, compute the pre-detection SNE
when the received signal power is:

(a) -60 dBm and the receive bandwidth 1s 1 MHz;

(b) -90 dBm and the receive bandwidth is 30 kHz.

Express the answers in both absolute terms and decibels.

Solution
(a) The signal power i3 obtained by converting -60 dBm to watts

S=10"1" 10 mW =10"W

The noise power from the ideal resistor is from Eq. (11.13) 9 g G

N =kT B, = 45910 =« 2904 |0

=4.0x10 % (10%)

=4.0x107°W
The SNE is the ratio of the two
]
svR===—10 ___25410°~544B
N 40x10

A similar calculation for the amplifier of the previous problem results in

0
SNR=- 10

= =204x10° ~347dB
N 3.04x107x10

(b) The signal power 1s obtained by converting -90 dBm to watts
§ =107 =10 mW =10 W

The noise power from the ideal resistor is from Eq. (11.13)
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Froblem 11.13 continued

N=kT.B,
=4.0x10™" % (30x10%)
=12x107W

The SNE. is the ratio of the two

=12
SNR = S L=3_3>¢103 ~3924B

N 12x10™

A similar calevlation for the amplifier of the previouns problem resolts in

S 107" 2
SNR=—= = —~=11x10" ~ 204 dB
N 3.04x1077 x(30x10°)




Problem 11.14 A wireless local area network fransmits a signal that has a noise
bandwidth of approximately 6 MHz. If the signal strength at the receiver input terminals
15 —90 dBm and the receiver noise figure 15 § dB, what 1s the pre-detection signal-to-noise

ratio?

Solution
The signal power 1s obtained by converting -90 dBm to watts

§ =107 =107 mW =10""W
The noise power with an 8 dB noise figure F 1s from Eqs. (11.15) and (11.16)

N = kT,FB
=1.38x107 % (290)x 10%"" % (6x 10%)
=1.52x107°W

The pre-detection SNE. 1s the ratio of the two

Ly 10712
SNR=—=——"=
N 1.52x10

F - indicates how much noise

the receiver electronics
add to the thermal noise.

E [ouz,“_l:m@ag\li
® (] =10 %F

&/
F = (0 1o



Problem 11.20 If a recetver has a sensitivity of —90 dBm and a 12 dB neoise figure what
is minimum pre-detection signal-to-noise ratio of an 8 kHz signal?

Solution
The noize in an & kHz bandwidth for a receiver with an 8 dB noise figure 1z, from Eqs.
(11.15) and (11.16), 12
N =kI,FB
=1.38x107 % (290)x (107" ) x (8 x10°)
=507x107°W

The receiver sensitivity 15 defined as the minimum received signal power that will
provide a demodulated signal with acceptable performance, thus the munimum signal
power 15 5= -90 dBm ~ 10" W. The minimum pre-detection SNE is the ratio of the two

5 1074
SNR=—=———=197x10° ~3294B
N 5.07x10
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Tahle 1: Values of @iz} for0 <z <9

T Q) T Qiz) T Q) I Q{z)
Problem 10.28. A binary FSK system transmits data at the rate of 2.5 megabits per A= \/EA 0.00 0.5 230 0.010724 455 2.6823x«10°° [ 680 5231x10-177
second. During the course of transmission. white Gaussian noise of zero mean and power rms 005 DAB006 ) 2.35  0.009386T | 4.60 2112510 : 6.85 3.6925x10 :z
spectral density 1077 watts per hertz iz added to the signal In the absence of neise_ the g'ig g'ﬁg;‘; 3:2 gﬁ?ﬁ;; :?S i'ggg;: ig . ggf ?Zggii :g 12
amplitude of the received signal i3 1 pV across 50 ohm impedance. Determine the _ AZs A 020 042074 | 250 oo0e2007 || 475 Lo1Tix10-F | To0 1.9708x10-12
average probability of error assuming coherent detection of the binary FSK signal. P = R = E 025 040129 || 255 0.0053261 480 T.0333x10°7 | 7.05 8.0450%x10°1°
0.30 0.38209 260 00046612 485 B.1731x10°7 10 6.2378x10°13
Solution 0.35 036317 || 265 0.0040246 || 490 4.7918x10°7 | 7.15 4.3380x10°13
mge pfﬂhabﬂiw of error for coherent FSKE is 0,40  0.34458 2.70 0.003467 4095 3.7107T=<10 i 20 3.0106x1013
- 0,45  0.32636 2.75 0020708 500  28665x1077 25 208301013
A =+vV2PR 050 030854 | 2.80  0.0025551 5.05  22091x10°7 30 1.4388x10°13
055 020116 | 2.85 0.002186 510 1.6983x10°7 35 0.0103x10-14
060 027425 || 290 00018658 || 515 1.3024x10°7 40 6.8002x10-14

B

45 4.66Tx10714
50 3.1908x101

065 025785 || 2.95 0.0015889 320 9.9644x10
T 024196 | 3.00 0.0013499 325 T.605x 10

-]

from Eq. (10.68). For this example, we have noise power spectral density is 2RE 075 022663 || 3.05 00011442 || 530 5.7901x10 8 [ 755 21m83x10- 1
A= |— 0.80 021186 || 310  0.0D0D6T6 || 5.35  4.3077=10°® 60 1.4807x10° 1

i 0 T 0.85 0.19766 | 3.15 0.00081635 | 5.40 3.332x10°° 65 1.0040%10 M

Ny =2x10"" watts/Hz 080 0.18406 || 3.20 0.00068714 || 545 25185%10°8 70 6.8033x10° 18

]

085 017106 (| 3.25 000057703 || 550  1.899x10 75 4.5046x1071

b i B B B B, e B iy B i B, B B B B -

and the energy per bit is 1.00 D.l,aags 3.33(_] 0.00048342 || 5.55 1..123'_3vm Z at_J 3.05{5“10 ::
1.05 014686 | 3.35  0.00040406 | 560 1.0718x10 85 2.0802:x10
R AZT 1.10 013567 | 3.40  0.00033603 | 565  S.0224x10°F 00 1.3045x10°18
14T E = — 1.15 012507 || 345 000028020 | 5.70 5.0004x10°% | 7.05 0325610716
"E'.\-=E R < 2R 1.20 011507 | 3.50 000023263 [ 575 4.4622x107° [ 8.00 6£.221x10°19
1.25  0.10565 || 3.55 0.00019262 | 5.80 3.3157=107% [ 8.05 4.13097=10°19
130 00968 || 3.60 000015911 | 5.85  24579x107% || 810 2.748x10°18
In the text, we have nominally assumed the resistance is 1 ochm and omitted it. In this 135 0083508 | 365 oo0013112 || soo0  181Tox10- || 815 181961019
problem we wuse the resistance of R = 50 ohms The symbeol duration is 140 0080757 | 3.70 00001078 || 595 1.3407x107% || 820 1.20018x10-1"
1 1.45 0.073529 || 3.75 S8417x10°5 || 6.00 9.8659x1071° [ 525 7.0197=10°17
= msemnds and the amplitude of received signal is 4; = 1uV. Therefore, 1.50 0.066807 || 3.80 7.2348%10°° || 6.05 7.2423x10°1° | 830 5.2056x10° 17
- 10

835 3.4131x10°17
840 2923241017
845 1.4565x10°17
850 0.4705x10° 18
855 6.1544x10718
860 3.0858x10 18
865 2.575x10°18
B.70 1.68504x1018
B.75 1.0668x1018
B.80 6.8408x<10°19
B85 4.3TAx10-19
00 2.7923<10719
805 1.7TT4x10°12
0.00  1.1286x10°19

1.55 0.060571 || 3.85 5.0050x10°° || 6.10 5.3034x10
160 0.054799 || 3.90 4.8006x10°° || 6.15 3.8741x10

1 1x107% 1 1.65 0.049471 || 3.95 3.0076x10°° || 6.20 2.8232x10
E,=—x X 3 1.70  0.044565 || 4.00 3.1671=107° || 6.25 2.0523=10
K ?0 2.5x10 75 0.040050 || 4.05 2.5600x10°° || 6.30 1.4882x10
=4x10  watts / Hz 1LA0  0.03503 | 4.10 2.0658x107° | 635 1.0766=10
1.85 0.032157 || 4.15 1.8624x10°° || 6.40 T7.7688x10
.- . . . 1.00 0.028717 || 4.20 1.3346x10 6.45 5.5025x10
Substituting the above values into the expression for Py and we have the probability of Lot 0.025tss | 498 10689510 6ED  4.016x10

ErTor 15 200 002275 || 430 8.53909x10 6.55 2.8760x10

* 205 0020182 || 435 G.8060x10 6.60 2.0558x10
_F: = Qﬁ]l] = Q (0( lt ll ?) = ol 3 2 é 210 0017864 || 4.40 5.4125x10 6.6 1.4655x10
215 0015778 || 445 4.2035x10

6.70 1.0421x10
220 0013903 || 450 3.3977x=10 6.75 T7.3923x10
225 0.012224
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