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Problem Solutions for Chapter 7

7-1. We want to compare F1 = kM + (1 - k) 2 −
1
M

 
 

 
 and F2 = Mx.

For silicon, k = 0.02 and we take x = 0.3:

M F1(M) F2(M) % difference
9 2.03 1.93 0.60
25 2.42 2.63 8.7
100 3.95 3.98 0.80

For InGaAs, k = 0.35 and we take x = 0.7:

M F1(M) F2(M) % difference
4 2.54 2.64 3.00
9 4.38 4.66 6.4
25 6.86 6.96 1.5
100 10.02 9.52 5.0

For germanium, k = 1.0, and if we take x = 1.0, then F1 = F2.

7-2. The Fourier transform is

hB(t) = 
  

HB
−∞

∞

∫ (f )e j2πft
 df = R 

  

e j2πft

1 + j2πfRC
 df

−∞

∞

∫

Using the integral solution from Appendix B3:

  

e jpx

(β + jx)n  dx
−∞

∞

∫ = 
2π(p)n−1e− βp

Γ(n)
for p > 0, we have

hB(t) = 

  

1
2πC

  
e j 2πft

1
2πRC

+ jf 
 

 
 

 df
−∞

∞

∫ =  
1
C

e-t/RC

7-3. Part (a):

  

hp
−∞

∞

∫ (t)  dt = 
1

αTb
 ⌡⌠
-αTb/2

αTb/2

  dt    = 
1

αTb





αTb

2  + 
αTb

2     = 1
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Part (b):

  

hp
−∞

∞

∫ (t)  dt = 
  

1
2π

 
1

αTb

  exp  − t2

2(αTb )2

 

  
 

   
−∞

∞

∫ dt

=  
1
2π

1
αTb

π αTb 2 = 1  (see Appendix B3 for integral solution)

Part (c):

  

hp
−∞

∞

∫ (t)  dt = 
  

1

αTb

  exp  −
t

αTb

 

  
 

   dt
0

∞

∫ = - e−∞ − e−0[ ]= 1

7-4. The Fourier transform is

F[p(t)*q(t)] = 
  

 p(t)* q(t)e− j2 πft  dt
−∞

∞

∫ = 
  

 q(x)   p(t − x) e− j2πft dt dx
−∞

∞

∫
−∞

∞

∫

= 
  

 q(x)  e− j2πfx
  p(t − x) e− j2πf( t − x)

 dt dx
−∞

∞

∫
−∞

∞

∫

= 
  

 q(x)  e− j2πfx
 dx  p(y) e− j 2πfy

 dy
−∞

∞

∫
−∞

∞

∫ where y = t - x

= F[q(t)] F[p(t)] = F[p(t)] F[q(t)] = P(f) Q(f)

7-5. From Eq. (7-18) the probability for unbiased data (a = b = 0) is

Pe = 
1
2

P0 (v th ) + P1(v th )[ ].

Substituting Eq. (7-20) and (7-22) for P0 and P1, respectively, we have

Pe = 
  

1
2

 
1

2πσ 2
  e−v 2 / 2σ 2

 dv
V / 2

∞

∫ +  e− (v−V ) 2 / 2σ 2

 dv
−∞

V / 2

∫
 

  
 

  

In the first integral, let x = v/ 2σ2 so that dv = 2σ2 dx.

In the second integral, let q = v-V, so that dv = dq. The second integral then
becomes
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e−q2 / 2σ2

dq
−∞

V / 2 −V

∫ = 
  

2σ2    e− x2

 dx
−∞

−V / 2 2σ 2

∫ where x = q/ 2σ2

Then

Pe = 

  

1
2

 
2σ2

2πσ 2
   e− x2

 dx
V / 2 2σ 2

∞

∫ +   e− x2

 dx
−∞

− V / 2 2σ2

∫
 

 
 

 

 
 

= 

  

1
2 π

   e−x 2

 dx
−∞

∞

∫ − 2   e−x2

 dx
0

V / 2 2σ2

∫
 

 
 

 

 
 

Using the following relationships from Appendix B,

  

 e− p2x 2

 dx
−∞

∞

∫ = 
π

p
and  

  

2

π
  e−x 2

 dx
0

t

∫ = erf(t), we have

Pe = 
1
2

1− erf
V

2σ 2
 
 

 
 

 
  

 
  

7-6. (a)  V = 1 volt and σ = 0.2 volts, so that 
V

2σ
 = 2.5. From Fig. 7-6 for 

V
2σ

 = 2.5,

we find Pe ≈ 7×10-3 errors/bit. Thus there are (2×105 bits/second)(7×10-3

errors/bit) = 1400 errors/second, so that

1
1400 errors/second    = 7×10-4 seconds/error

(b)  If V is doubled, then 
V

2σ
 = 5 for which Pe ≈ 3×10-7 errors/bit from Fig. 7-6.

Thus

1
(2 × 105 bits / sec ond)(3 ×10 −7errors / bit )

= 16.7 seconds/error

7-7. (a)  From Eqs. (7-20) and (7-22) we have

P0(vth) = 
  

1

2πσ2
   e− v2 / 2σ 2

 dv
V / 2

∞

∫ = 
1
2

1− erf
V

2σ 2
 
 

 
 

 
  

 
  

and
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P1(vth) = 
1

2πσ2
e− (v− V) 2 / 2σ 2

dv
−∞

V / 2

∫ = 
1
2

1− erf
V

2σ 2
 
 

 
 

 
  

 
  

Then for V = V1 and σ = 0.20V1

P0(vth) = 
1
2 







1 - erf







1

2(.2) 2
    = 

1
2 








1 - erf





2

0.8     

= 
1
2 [ ]1 - erf( )1.768     = 

1
2 ( )1 - 0.987     = 0.0065

Likewise, for V = V1 and σ = 0.24V1

P1(vth) = 
1
2 







1 - erf







1

2(.24) 2
    = 

1
2 








1 - erf





2

0.96     

= 
1
2 [ ]1 - erf( )1.473     = 

1
2 ( )1 - 0.963     = 0.0185

(b)  Pe = 0.65(0.0185) + 0.35(0.0065) = 0.0143

(c)  Pe = 0.5(0.0185) + 0.5(0.0065) = 0.0125

7-8. From Eq. (7-1), the average number of electron-hole pairs generated in a time t is

N = 
ηE
hν     = 

ηPt
hc/λ    = 

0.65(25 ×10−10W)(1 ×10−9 s)(1.3 × 10−6 m)
(6.6256 ×10 −34 Js)(3 ×108 m / s)

= 10.6

Then, from Eq. (7-2)

P(n) = Nn 
e-N

n!     = (10.6)5 
e-10.6

5!     = 
133822

120     e-10.6 = 0.05 = 5%

7-9. v N = vout -  vout

vN
2 =   vout − vout[ ]2

= vout
2

-2 vout

2
+  vout

2

= vout
2 -  vout

2

7-10. (a)  Letting φ = fTb and using Eq. (7-40), Eq. (7-30) becomes
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Bbae = 
  

H p (0)

Hout (0)

2

  Tb
2
 

Hout
' (φ)

Hp
' (φ)

2

0

∞

∫  
dφ
Tb

= 
I2

Tb

since Hp(0) = 1 and Hout(0) = Tb.  Similarly, Eq. (7-33) becomes

Be = 
  

H p (0)

Hout (0)

2

  
Hout (f)
Hp (f)

1 + j2πfRC( )
2

0

∞

∫  df

= 
  

1
Tb

2   
Hout (f)
Hp (f)

2

0

∞

∫  1 + 4π2f2 R2C2( ) df

=  
  

1
Tb

2   
Hout (f)
Hp (f)

2

0

∞

∫  df +  
  

2πRC( )2

Tb
2   

Hout (f)
Hp (f)

2

0

∞

∫  f2
 df = 

I2
Tb

    + 
(2πRC)2

T
3
b

    I3

(b)  From Eqs. (7-29), (7-31), (7-32), and (7-34), Eq. (7-28) becomes

< > v
2
N       =   < > v

2
s        +< > v

2
R       +< > v

2
I        +< > v

2
E       

= 2q < >i0  < >m2     BbaeR2A2 + 
4kBT

Rb
    BbaeR2A2 + SIBbaeR2A2 + SEBeA2

= 








2q < >i0  M2+x + 
4kBT

Rb
 + SI    BbaeR2A2 + SEBeA2

= 
R2A2I2

Tb
 








2q < >i0  M2+x + 
4kBT

Rb
 + SI + 

SE

R2     + 
(2πRCA)2

T
3
b

    SEI3

7-11. First let 
  
x = v − boff( )/ 2  σoff( ) with 

  
dx = dv / 2  σoff( ) in the first part of Eq. (7-

49):

Pe =  

  

2σoff

2πσoff

    exp −x2( )
vth − boff

2σoff

∞

∫  dx = 
  

1

π
   exp −x2( )

Q / 2

∞

∫  dx

Similarly, let 
  
y = −v + bon( )/ 2  σon( ) so that

dy = -dv/ 2σon( )in the second part of Eq. (7-49):
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Pe = -  
  

1

π
     exp −y2( ) 

∞

− vth +b on

2σ on

∫ dy = 
  

1

π
     exp −y2( ) 

Q / 2

∞

∫ dy

7-12. (a)  Let x = 
V

2 2 σ
    = 

K
2 2

       For K = 10, x = 3.536. Thus

Pe = 
e-x2

2 π x
    = 2.97×10-7 errors/bit

(b) Given that  Pe = 10-5 = 
e-x2

2 π x
       then     e-x2    = 2 π    10-5 x.

This holds for x ≈ 3, so that K = 2 2    x = 8.49.

7-13. Differentiating Eq. (7-54) with respect to M and setting dbon/dM = 0, we have

dbon
dM     = 0

= - 
  

Q(hν / η)
Μ2 M2+ x η

hν
 
 

 
  bonI2 + W

 
  

 
  

1/ 2

+ M 2+x η
hν

 
 

 
  bonI2 (1 − γ 

  
 
  + W

 
 
 

 
 
 

1/ 2

+ 

  

Q(hν / η)
M(hν/ η)

1
2

(2 + x)M1+ x bonI2

M 2+ x η
hν

 
 

 
  bonI2 + W 

  
 
  

1/ 2 +

1
2

(2 + x)M1+x  bonI2 (1− γ)

M 2+x η
hν

 
 

 
  bonI2 (1− γ) + W 

  
 
  

1/ 2

 

 
 

 
 

 

 
 

 
 

1 / 2

Letting G = M2+x






η

hν
   bonI2 for simplicity, yields









( )G + W
1/2

 + [ ]G(1-γ) + W
1/2

    = 
G
2  (2 + x)







1

(G + W)
1/2 + 

(1-γ)

[ ]G(1-γ) + W
1/2    

Multiply by  (G + W)
1/2

 [ ]G(1-γ) + W
1/2

     and rearrange terms to get

(G + W)
1/2

 



W - 

Gx
2  (1-γ)     = [ ]G(1-γ) + W

1/2
 



Gx

2  - W    
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Squaring both sides and collecting terms in powers of G, we obtain the quadratic

equation

G2




x2γ

4  (1-γ)     + G



x2γ

4  W(2-γ)     - γW2(1+x) = 0

Solving this equation for G yields

G = 
- 

x2

4  W(2-γ) ± 






x4

16 W2(2-γ)2 + x2(1-γ)W2(1+x)

1
2

x2

2  (1-γ)
    

= 
W(2-γ)
2(1-γ)

 








1 - 








1 + 16 




1+x

x2  
1-γ

(2-γ)2

1
2

   

where we have chosen the "+" sign. Equation (7-55) results by letting

G = M
2+x
opt     bonI2 






η

hν    

7-14. Substituting Eq. (7-55) for   M2+xbon  into the square root expressions in Eq. (7-

54) and solving Eq. (7-55) for M, Eq. (7-54) becomes

bon = 
Q 







hν

η b
1/(2+x)
on







hν

η  
W(2-γ)
2I2(1-γ)

 K
1/(2+x) 














W(2-γ)

2(1-γ)
 K + W

1
2
 + 



W

2  (2-γ)K + W

1
2

   

Factoring out terms:

b
(1+x)/(2+x)
on     = Q







hν

η

(1+x)/(2+x)
    W

x/2(2+x)
    I

1/(2+x)
2     

× 














(2-γ)

2(1-γ)
 K + 1

1
2
 + 



1

2 (2-γ)K + 1

1
2

     ÷  






(2-γ)K

2(1-γ)

1/(2+x)
   

or bon = Q
(2+x)/(1+x)







hν

η     W
x/2(1+x)

    I
1/(1+x)
2     L
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7-15. In Eq. (7-59) we want to evaluate

lim

γ →1
(2 − γ)K
2(1− γ )L

 

  
 

  

1+x

2+x

= 
lim

γ →1
(2 − γ)K
2(1− γ)

 

  
 

  

1+x

2+x lim

γ →1
1
L

 
 

 
 

1+x

2+x

Consider first

lim

γ →1
(2 − γ)K
2(1− γ)

 

  
 

  = 

  

lim

γ →1
 

(2 − γ)
2(1− γ )

−1 + 1 + B
(1− γ )

(2 − γ)2

 

  
 

  

1

2
 
 
 

  

 
 
 

  

where B = 16(1+x)/x2 . Since γ→1, we can expand the square root term in a

binomial series, so that

lim

γ →1
(2 − γ)K
2(1− γ)

 

  
 

  = 
  

lim

γ →1
 

(2 − γ)
2(1− γ )

−1 + 1 +
1
2

B
(1− γ)

(2 − γ)2 − Order(1− γ )2 

  
 

  
 
 
 

 
 
 

=  
  

lim

γ →1
 

B
4(2 − γ )

= 
B
4    = 4 

1+x
x2    

Thus
lim

γ →1
(2 − γ)K
2(1− γ)

 

  
 

  

1+x

2+x

= 




4 

1+x
x2

1+x
2+x

   

Next consider, using Eq. (7-58)

  

lim

γ →1
 

1
L

 
 

 
 

1+ x

2+x

= 
lim

γ →1
(2 − γ)K
2(1− γ)

 

  
 

  

1/(2+ x)

÷  (2 − γ)
2(1− γ)

K + 1
 

  
 

  

1

2

+
1
2

(2 − γ )K +1 
 

 
 

1

2
 
 
 

  

 
 
 

  
  

From the above result, the first square root term is







(2-γ)

2(1-γ)
 K + 1

1
2
    = 





4 

1+x
x2  + 1

1
2
    = 







x2 + 4x + 4

x2

1
2
    = 

x + 2
x    

From the expression for K in Eq. (7-55), we have that  
lim

γ →1
 K = 0, so that
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lim

γ →1
1
2

(2 − γ )K +1 
 

 
 

1

2
= 1 Thus

lim

γ →1
(2 − γ )
2(1− γ )

K + 1
 

  
 

  

1

2

+ 1
2

(2 − γ)K +1 
 

 
 

1

2
 
 
 

  

 
 
 

  
=  

x + 2
x     + 1 =  

2(1 + x)
x    

Combining the above results yields

lim

γ →1
(2 − γ)K
2(1− γ )L

 

  
 

  

1+x

2+x

= 




4 

1+x
x2

1+x
2+x

 




4 

1+x
x2

1
2+x

  
2(1 + x)

x     = 
2
x   

so that
lim

γ →1
 M

1+x
opt     = 

W1/2

QI2
  

2
x   

7-16. Using H
'
p(f)    = 1 from Eq. (7-69) for the impulse input and Eq. (7-66) for the

raised cosine output, Eq. (7-41) yields

I2 = 
  

 Hout
' (φ)

2
 dφ

0

∞

∫ =
  

1
2

  Hout
' (φ)

2
 dφ

−∞

∞

∫

= 
1
2 ⌡⌠

-
1-β
2

1-β
2

 dφ    + 
⌡

⌠

1-β
2

1+β
2

 
1
8







1-sin 






πφ

β  - 
π
2β

2
dφ    + 

⌡

⌠

- 
1+β

2

- 
1-β
2

 
1
8







1-sin 






πφ

β  - 
π
2β

2
dφ   

Letting y = 
πφ
β     - 

π
2β    we have

I2 = 
1
2 (1 - β)    + 

β
4π⌡⌠

-
π
2

π
2

 [ ]1 - 2sin y + sin2y    dy

= 
1
2 (1 - β)    + 

β
4π 



π - 0 + 

π
2     = 

1
2 





1 - 
β
4     
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Use Eq. (7-42) to find I3:

I3 = 
  

 Hout
' (φ)

2
φ2

 
0

∞

∫ dφ =
1
2

  Hout
' (φ)

2
φ2

−∞

∞

∫  dφ

= 
1
2 ⌡⌠

-
1-β
2

1-β
2

  φ2 dφ    + 
⌡

⌠

1-β
2

1+β
2

 
1
8








1-sin 






πφ

β  - 
π
2β

2
φ2dφ    + 

⌡

⌠

- 
1+β

2

- 
1-β
2

 
1
8







1-sin 






πφ

β  - 
π
2β

2
φ2dφ   

Letting y = 
πφ
β     - 

π
2β    

I3 = 
1
3 



1-β

2

3
    + 

β
4π⌡


⌠

-
π
2

π
2

 [ ]1 - 2sin y + sin2y






β2y2

π2  + 
βy
π  + 

1
4    dy

= 
1
3 



1-β

2

3
    + 

β
4π











 
⌡

⌠

-
π
2

π
2

 






β2y2

π2  + 
1
4 ( )1 + sin2y dy - 

2β
π ⌡⌠

-
π
2

π
2

y sin y dy    

where only even terms in "y" are nonzero. Using the relationships

⌡⌠
0

π
2

 sin2y    dy = 
π
4     ; ⌡⌠

 

 
 y sin ydy    = -y cos y + sin y

and ⌡⌠
 

 
 x2 sin x2 dx    = 

x3

6     - 



x2

4  - 
1
8     sin 2x -  

x cos 2x
4    

we have

I3 = 
1
3 



1-β

2

3
    + 

β
2π 







β2

π2 






1

3



π

2

3
 + 

1
6



π

2

3
 + 

π
8  + 

1
4



π

2 + 
π
4  - 

2β
π (1)    
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= 
β3

16 




1

π2 - 
1
6     - β2 





1

π2 - 
1
8     - 

β
32    + 

1
24   

7-17. Substituting Eq. (7-64) and (7-66) into Eq. (7-41), with s2 = 4π2α2 and β = 1, we

have

I2 = 

⌡

⌠

0

�

 







H

'
out(φ)

H
'
p(φ)

2
  dφ = 

1
4⌡

⌠

0

1

e
s2φ2







1-sin 



πφ - 

π
2

2
dφ  

= 
⌡

⌠

0

1

e
s2φ2





1 + cos πφ

2

2
dφ   = 

⌡
⌠

0

1

e
s2φ2

cos4




 πφ

2   dφ

Letting x = 
 πφ
2    yields I2 = 

2
π ⌡

⌠

0

 π
2

e
16α2x2

cos4 x   dx

Similarly, using Eqs. (7-64) and (7-66), Eq. (7-42) becomes

I3 = 
⌡
⌠

0

1

e
s2φ2

cos4 




 πφ

2   φ2dφ = 
  

2
π

 
 

 
 

3

  x2e16α2 x2

 cos4 x
0

π
2

∫  dx

7-18. Plot of I2 versus α for a gaussian input pulse:

7-19. Plot of I3 versus α for a gaussian input pulse:

7-20. Consider first  
lim

γ →1
 K:



12

lim

γ →1
 K = 

lim

γ →1
−1+ 1+16

1+ x
x2

 
 

 
 

1− γ
(2 − γ)2

 

  
 

  

1

2
 
 
 

  

 
 
 

  
= -1 + 1 = 0

Also  
lim

γ →1
(1− γ) = 0. Therefore from Eq. (7-58)

lim

γ →1
 L = 

lim

γ →1
2(1− γ)
(2 − γ)K

 

  
 

  

1/(1+ x)

 














(2-γ)

2(1-γ)
 K + 1

1
2
 + 1

2+x
1+x

  

Expanding the square root term in K yields

  

lim
γ →1

 
2 − γ
1− γ

K  = 
lim

γ →1
2 − γ
1 − γ

 
 
  

 
 −1+ 1+

16
2

1 + x
x 2

 
 

 
 

1− γ
(2 − γ)2 + order(1− γ)2 

  
 

  
 
 
 

 
 
 

= 
lim

γ →1
8(1 + x)

x2

1
2 − γ

 

  
 

  = 
8(1+x)

x2    

Therefore

lim

γ →1
 L = 



2x2

8(1+x)

1/(1+x)
 












4(1+x)

x2  + 1

1
2
 + 1

2+x
1+x

  

= 



2x2

8(1+x)

1/(1+x)
 






x+2

x  + 1

2+x
1+x

    = (1+x) 



2

x

x
1+x

  

7-21. (a) First we need to find L and L'. With x = 0.5 and γ = 0.9, Eq. (7-56) yields K =

0.7824, so that from Eq. (7-58) we have L = 2.89. With ε = 0.1, we have γ' = γ(1 -

ε) = 0.9γ = 0.81. Thus L' = 3.166 from Eq. (7-80). Substituting these values into

Eq. (7-83) yields

y(ε) = (1 + ε)




1

1 - ε

2+x
1+x

  
L'
L   = 1.1



1

.9

5/3
  

3.166
2.89    = 1.437
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Then 10 log y(ε) = 10 log 1.437 = 1.57 dB

(b) Similarly, for x = 1.0, γ = 0.9, and ε = 0.1, we have L = 3.15 and L' = 3.35, so

that

y(ε) = 1.1



1

.9

3/2
  

3.35
3.15   = 1.37

Then 10 log y(ε) = 10 log 1.37 = 1.37 dB

7-22. (a) First we need to find L and L'. With x = 0.5 and γ = 0.9, Eq. (7-56) yields K =

0.7824, so that from Eq. (7-58) we have L = 2.89. With ε = 0.1, we have γ' = γ(1 -

ε) = 0.9γ = 0.81. Thus L' = 3.166 from Eq. (7-80). Substituting these values into

Eq. (7-83) yields

y(ε) = (1 + ε)




1

1 - ε

2+x
1+x

  
L'
L   = 1.1



1

.9

5/3
  

3.166
2.89    = 1.437

Then 10 log y(ε) = 10 log 1.437 = 1.57 dB

(b) Similarly, for x = 1.0, γ = 0.9, and ε = 0.1, we have L = 3.15 and L' = 3.35, so

that

y(ε) = 1.1



1

.9

3/2
  

3.35
3.15   = 1.37

Then 10 log y(ε) = 10 log 1.37 = 1.37 dB

7-23. Consider using a Si JFET with Igate = 0.01 nA. From Fig. 7-14 we have that α =

0.3 for γ = 0.9. At α = 0.3, Fig. 7-13 gives I2 = 0.543 and I3 = 0.073. Thus from

Eq. (7-86)

WJFET = 
1
B

2(.01nA )
1.6 ×10−19C

+
4(1.38×10 −23 J / K)(300K)

(1.6 × 10−19C)2105 Ω
 
  

 
   0.543

+ 
  

1
B

4(1.38×10−23
 J / K)(300  K)(.7)

(1.6 × 10−19
 C)2 (.005  S)(105

 Ω)2

 
  

 
   0.543

+ 
  

2π(10  pF)
1.6 ×10−19  C

 
 

 
 

2 4(1.38 ×10−23  J / K)(300  K)(.7)
(.005 S)

 0.073 B

or
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WJFET ≈ 
3.51×1012

B
+ 0.026B

and from Eq. (7-92) WBP = 
3.39 ×1013

B
+ 0.0049B

7-24. We need to find bon from Eq. (7-57). From Fig. 7-9 we have Q = 6 for a 10-9

BER. To evaluate Eq. (7-57) we also need the values of W and L. With γ = 0.9,
Fig. 7-14 gives α = 0.3, so that Fig. 7-13 gives I2 = 0.543 and I3 = 0.073. Thus

from Eq. (7-86)

W = 
3.51×1012

B
+ 0.026B = 3.51×105 + 2.6×105 = 6.1×105

Using Eq. (7-58) to find L yields L = 2.871 at γ = 0.9 and x = 0.5. Substituting

these values into eq. (7-57) we have

bon = (6)5/3 (1.6×10-19/0.7) (6.1×105).5/3 (0.543)1/1.5 2.871 = 7.97×10-17 J

Thus Pr = bonB = (7.97×10-17 J)(107 b/s) = 7.97×10-10 W

or
Pr(dBm) = 10 log 7.97×10-10 = -61.0 dBm

7-25. From Eq. (7-96) the difference in the two amplifier designs is given by

∆W = 
1

Bq2 
2kBT

Rf
   I2 = 3.52×106 for I2 = 0.543 and γ = 0.9.

From Eq. (7-57), the change in sensitivity is found from

10 log 






WHZ + ∆W

WHZ

x
2(1+x)

   = 10 log 



1.0 + 3.52

1.0

.5
3

    = 10 log 1.29 = 1.09 dB

7-26. (a) For simplicity, let

D = M2+x






η

hν    I2   and   F = 
Q
M 







η

hν   

so that Eq. (7-54) becomes, for γ = 1,



15

b = F[ ](Db + W)1/2 + W1/2   

Squaring both sides and rearranging terms gives

b2

F2   - Db - 2W = 2W1/2 (Db + W)1/2

Squaring again and factoring out a "b2" term yields

b2 - (2DF2)b + (F4D2 - 4WF2) = 0

Solving this quadratic equation in b yields

b = 
1
2 [ ]2DF2 ± 4F4D2 - 4F4D2 + 16WF2    = DF2 + 2F W  

(where we chose the "+" sign) = 
hν
η  



MxQ2I2 + 

2Q
M  W1/2   

(b) With the given parameter values, we have

bon = 2.286×10-19 39.1M 0.5 +
1.7× 104

M

 
 
  

 

The receiver sensitivity in dBm is found from

Pr = 10 log bon(50 ×106 b / s)[ ]

Representative values of Pr for several values of M are listed in the table below:

M Pr(dBm) M Pr(dBm)

30 - 50.49 80 -51.92

40 -51.14 90 -51.94

50 -51.52 100 -51.93

60 -51.74 110 -51.90

70 -51.86 120 -51.86
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7-27. Using Eq. (E-10) and the relationship

  

 
1

1+
x
a

 
 

 
 

2  dx
0

∞

∫  = 
πa
2   

from App. B, we have from Eq. (7-97)

BHZ = 
  

1
(AR)2  

(AR)2

1+ (2πRC)2 f 2  
0

∞

∫ df  = 
π
2 

1
2πRC

   = 
1

4RC  

where H(0) = AR. Similarly, from Eq. (7-98)

BTZ = 

  

1
1

 
1

1+
2πRC

A
 
 

 
 

2

f2

 
0

∞

∫ df  = 
π
2 

A
2πRC

   = 
A

4RC  

7-28. To find the optimum value of M for a maximum S/N, differentiate Eq. (7-105)

with respect to M and set the result equal to zero:

d(S/N)
dM    = 

(Ipm)2M

 2q(Ip+ID)M2+x B + 
4kBTB

Req
 FT

  

- 
q(Ip+ID) (2+x) M1+x B (Ipm)2M2









2q(Ip+ID)M2+x B + 
4kBTB

Req
 FT

2   = 0

Solving for M,

M
2+x
opt    = 

4kBTBFT/Req
q(Ip+ID)x   

7-29. (a) For computational simplicity, let  K = 4kBTBFT/Req; substituting Mopt from

Problem 7-28 into Eq. (7-105) gives



17

S
N   = 

1
2 (Ipm)2M

2
opt

 2q(Ip+ID)M
2+x
opt

 B + KB
       =  

1
2 (Ipm)2 





K

q(Ip+ID)x

2
2+x

2q(Ip+ID)K
q(Ip+ID)x

 B + KB
  

= 
xm2I

2
p

2B(2+x) [ ]q(Ip+ID)x
2/(2+x) 






Req

4kBTFT

x/(2+x)
  

(b) If Ip >> ID, then

S
N   = 

xm2I
2
p

2B(2+x) ( )qx
2/(2+x)

I
2/(2+x)
p

 






Req

4kBTFT

x/(2+x)
  

= 
m2

2Bx(2+x) 









( )xIp
2(1+x)

q2(4kBTFT/Req)x

1/(2+x)

  

7-30. Substituting  Ip = R0Pr into the S/N expression in Prob. 7-29a,

S
N   = 

xm2

2B(2+x) 
( )R0Pr

2

[ ]q(R0Pr+ID)x
2/(2+x) 






Req

4kBTFT

x/(2+x)
  

= 
  

(0.8)2 (0.5 A / W)2 Pr
2

2(5 × 106 / s) 3 [1.6 × 10−19 C(0.5Pr + 10−8 ) A]2 / 3

104  Ω / J
1.656 × 10−20

 
 
  

 

1 / 3

= 
1.530 ×1012 P

r 2

0.5Pr + 10−8( )2 / 3 where Pr is in watts.
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We want to plot 10 log (S/N) versus 10 log 
Pr

1 mW    . Representative values are

shown in the following table:

Pr (W) Pr (dBm) S/N 10 log (S/N) (dB)

2×10-9 - 57 1.237  0.92

4×10-9 - 54 4.669 6.69

1×10-8 - 50 25.15 14.01

4×10-8 - 44 253.5 24.04

1×10-7 - 40 998.0  29.99

1×10-6 - 30 2.4×104 43.80

1×10-5 - 20 5.2×105 57.18

1×10-4 - 10 1.13×107 70.52


