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ECE145B (undergrad) and ECE218B (graduate) 

 Mid-Term Exam. February 20, 2013 

Do not open exam until instructed to. 
 
Open notes, open books, etc. 
 
You have 1 hr. and 15 minutes.  
 
Use any and all reasonable approximations (5% accuracy is fine. ), AFTER STATING 
THEM.  
 
 
Problem Points received 

(145B) 
Points received 
(218B) 

Points Possible 

1a   5 
1b   5 
1c   5 
1d   5 
2a   5 
2b   5 
2c   5 
2d   5 
3a  do not work 5 
3b   do not work 15 
3c  do not work 15 
3d  do not work 5 
4a do not work  5 
4b do not work  15 
4c do not work  15 
4d do not work  5 
total (145b)   80 (218 or 145) 
 
 
 
 

Name: _______________________ 
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Problem 1, 20 points 
Radio link relationships. 

Part a, 5 points 
Antenna gains 
Some new 5G cell phone handsets have 39 GHz transceivers. Assume a 
horizontal linear array, as shown, of 5 elements, each λ/2 by λ/2 (They 
are here drawn as alternating black & white squares).  

For the overall 5 element array:  
What is the directivity in dB ? _____________ 
The approximate vertical 3dB beamwidth in degrees ______  
The approximate horizontal 3dB beamwidth in degrees ______  
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Part b, 5 points 
Receiver sensitivity. Assume QPSK transmission, for which the minimum receiver power 
is 2

min kTFBQP =  where k is Boltzmann's constant, T is the absolute temperature, F is 
the receiver noise figure, B is the bit rate and Q2 is the required signal/noise ratio. Simple 
QPSK without error-correcting codes requires Q=3.1 for 10-3 bit error rate (before error 
correction by coding). At the IEEE reference 290 K temperature, (1Hz)kT  = -174.0 
dBm.  

Assuming 5 dB receiver noise figure, 10-3 bit error rate, and 1 Gb/s data transmission. 
What is the minimum receiver power in dBm ?  
Precieved = ________________ dBm 

 








































































































Pmin = kTFBQ
2

Pmin(dBm) = kTdBm+ FdB
+10 logB + 10 logQ2

+9 ¢ 82
= ¡69:17dBm

= ¡174 + 5 + 90
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Part c, 5 points 
Link propagation losses Assume that the transmitter is 1 km distant, and has a 64-element 
transmit antenna array, each being, each λ/2 by λ/2. Assume that the weather is giving 1 
dB/km total atmospheric losses.  

What is the transmitter directivity in dB ? _____________ 
What is the required transmitter power, in dBm ? ________________ 
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attenuation is
For 1km, atmospheric

1dB

km
£ 1km

= 1dB:

PTr = PRmin+ 90:2

= 21:03dBm

= ¡69 ¢ 17 + 90:2

= ¡90:2dB
= ¡89:2¡ 1

with atmospheric losses
) PRdBm¡ PTdBm
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Part d, 5 points 
Radio frequency plans:  

 

With the 39 GHz carrier, 1 Gb/s QPSK modulation, and the smallest possible bandwidth 
of the (root raised cosine) filter that still gives zero inter-symbol interference, make 
sketches below of the signal power spectral density, in W/Hz at the RF, IF, and baseband 
(BB) points indicated. You can use a relative scale for the vertical axis of the plots, i.e. 
there's no need to compute the absolute value of the spectrum in W/Hz.  
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Bitrate = 1Gb=s
= 2bits

Symbol rate = 1G=2

= 500M
symbols

s

In QPSK 1 symbol

Assume

 Smallest possible bandwidth corresponds to 
beta=0 for the root raised cosine filter 

) fIF = 9GHz

fL0 = 30GHz
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Problem 2, 20 points 
basic noise math, simple circuit noise relationships 

Part a, 5 points 
Vin has a spectral density (in V2/Hz) of 

4
in inV VS kTR= , where 1R = kΩ, 

1( 2 ) (1 2 /1MHz)H j f j f = + , and 

2 ( 2 ) (1 2 /10MHz)H j f j f = + . 

Write algebraic expressions for the spectral 
densities of VA, VB, and their cross spectral 
density 

 

 

 

 
 
 








































































































VA (j2¼f) = H1 (j2¼f)Vin
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part b, 5 points 
A volage 3 1 2V V V= +  is the sum of two voltages 1V  and 2V , both of which are random 
processes. If 1V has a power spectral density of 163 10− V2/Hz, 2V has a power spectral 
density of 162 10− V2/Hz, and the cross spectral density of 1V  and 2V is 1610−  V2/Hz, what 
is the spectral density of 3V  ? 

Spectral density of 3V = ___________________________ (V2/Hz) 
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V3 = V1 + V2
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¤

= V1V
¤
1 + V1V

¤
2 + V2V

¤
1 + V2V

¤
2

= ~SV1V1 + 2Re
³
~SV1V2

´
+ ~SV2V2

= 3£ 10¡16 + 2£ 10¡16 + 2£ 10¡16

= 7£ 10¡16 V
2

Hz



13 

  










































































































14 

Part c, 5 points 
The resistor R has normal thermal noise. Calculate an 
expression for the spectral density of VA in units of 
V2/Hz. 

A AV VS = ___________________ (V2/Hz) 
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Part d, 5 points 
The current source 0I  is noiseless, and its current is 
much larger than that of the ideal PN junction diode 
having characteristics (exp( / ) 1)diode sI I qV kT= − . 
Calculate an expression for the spectral density of VA in 
units of V2/Hz. 

A AV VS = ___________________ (V2/Hz) 
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Problem 3, 60 points: 145B only 
Transistor noise derivation (145B only ) 
This is a low-frequency noise equivalent 
circuit model of a bipolar transistor with 
no parasitic resistances. nbI  and ncI are 
the base and collector shot noise 
generators, and /be mR g= , where 

, /m E dcg qI kT= . Note that beR  has no 
thermal noise. 

 

 

Part a, 5 points (145B only ) 
Setting 100 =  and ,E dcI  = 1mA, first determine the spectral densities below: 

base shot noise 
nb nbI IS = ___________________ (A2/Hz) 

collector shot noise 
nc ncI IS = ___________________ (A2/Hz) 
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Part b, 15 points (145B only ) 
The transistor's internal noise generators can 
be modelled by an external short-circuit noise 
voltage NE  and short-circuit noise current NI  

 

 
Determine the spectral densities below: 
Short circuit input noise voltage spectral density 

N NE ES = ________________(V2/Hz) 
Open circuit input noise current spectral density 

N NI IS = ________________(A2/Hz) 
Cross spectral density 

N NE IS = ________________(V*A/Hz) 
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Part c,15 points (145B only ) 
If we now connect the transistor to a generator 
of source impedance 0gen genZ R j= +  , with 

100genR =  , we have a generator noise ,N genE  

with spectral density 4 genkTR  and amplifier 
total noise voltage ,NT A N N genE E I R= +  

 

 

Determine the spectral densities below: 
Spectral density of the generator noise voltage 

Ngen NgenE ES = ________________(V2/Hz) 

Spectral density of the amplifier total noise voltage 
,NTA N TAE ES = ______________(V2/Hz) 
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Part d, 5 points (145B only ) 
What is the resulting noise figure, F in linear units and dB? 
F in linear units=_________ 
F in dB = _______________ 
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Problem 4, 60 points: 218B only 
Transistor noise derivation (218B only ). 
This is a simple high-frequency noise 
equivalent circuit model of a FET NRgE  is the 
thermal noise of the gate (and other input 
resistances) and nchI is the channel noise 
generator, having spectral density 4 mkT g , 
here taking 2 / 3 = . 

 
 

Part a, 5 points (218B only ) 
Setting 100 mSmg = , / 2gs mC g f= , where 100 GHzf = and 10gR =  first determine 
the spectral densities below: 

Gate resistance thermal noise voltage 
nRg nRgE ES = ___________________ (V2/Hz) 

channel thermal noise 
nch nchI IS = ___________________ (A2/Hz) 
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Part b, 15 points (218B only ) 
The transistor's internal noise generators can 
be modelled by an external short-circuit noise 
voltage NE  and short-circuit noise current NI  

 

 
At a frequency of 10 GHz, determine the spectral densities below: 
Short circuit input noise voltage spectral density 

N NE ES = ________________(V2/Hz) 
Open circuit input noise current spectral density 

N NI IS = ________________(A2/Hz) 
Cross spectral density 

N NE IS = ________________(V*A/Hz) 
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Part c, 15  points (218B only ) 
If we now connect the transistor to a generator 
of source impedance 0gen genZ R j= +  , with 

100genR =  , we have a generator noise ,N genE  

with spectral density 4 genkTR  and amplifier 
total noise voltage ,NT A N N genE E I R= +  

 
 

At a frequency of 10 GHz, determine the spectral densities below: 
Spectral density of the generator noise voltage 

Ngen NgenE ES = ________________(V2/Hz) 

Spectral density of the amplifier total noise voltage 
,NTA N TAE ES = ______________(V2/Hz) 
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Part d, 5 points (218B only ) 
What is the resulting noise figure, F in linear units and dB? 
F in linear units=_________ 
F in dB = _______________ 

 

 


