EE302 Exam 1 Review Pac

This is a review packet that will assist you in studying for the first exam. Knowledge of the material covered in the packet and the homework will greatly
improve your ability to perform well on the first exam.

Example Problem 1. What is the wavelength of an FM radio station whose frequency is 101.1 MHz?
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Example Problem 2. What is the frequency of a signal whose wavelength is 8 cm?
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Example Problem 3. To transmit a signal with an antenna, the size of the antenna must be at least a tenth of a
wavelength. The old Annapolis VLF transmitter broadcast signals at 24 kHz. What was the approximate size

of this antenna?
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Example Problem 4. The power output of an amplifier is 6 watts (W). The power gain is 80. What is the
input power?
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Example Problem 5. Three cascaded amplifiers have power gains of 5, 2, and 17. The input power is 40 mW.
What is the output power?
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Example Problem 6. Consider the three cascaded amplifiers shown below.

(a) What is the voltage at the output of each stage?
(b) What is the overall gain of the cascaded multistage system? A = (A ;)@ ’_) (,4 3') = (5)( 3 )(q) =

4=5 42=3 dy=4
Vig= 1 mV \ Vs ‘“\\ Va “\M\ Vout
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V'LA‘V'.’] Vs= /4;.Vt Vour = /43 V.‘Z

~(5)(1mV) *(3)(s5mV) = ()sm)
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Example Problem 7. Determine the attenuation of the circuit shown below:
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Example Problem 8. For the circuit below, determine:

(a) The output voltage vy,

b) The total at '
(b) The total attenuation Ar’:/{, AD—‘AB - (0.1)(0.«‘1'5(0,06)"1?);;27
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stage circuit component
A, =0.2

A, =09 A, = 0.06

Vav?‘ = A-,- Via = (‘9«0(93’>(?V) = {%_9\-'{/1’1@

Example Problem 9. The transmitter power of radio station WYPR is 15,500 W and the power that arrives at
the car’s radio is 10™'> W. What is signal attenuation of the channel (free space) expressed in dB?
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Example Problem 10. Convert the following from decibels to ratios. T~
x5
25dB: A4p= Te = a8
= {0 [>16.2) A, = [0 %o

6dB: Ap= |5 %ie _ D‘RS' o
10dB: 4,= (0 T2e @ /4,/ = (0 -e
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Example Problem 11. Express P;,= 2 watts in decibels (dBW).

P'.“,JB: (O fog % - (O 103 C%—fﬁ’) ‘-‘-(3,0faf5 i

Example Problem 12. Express P;,= 2 watts in decibels (dBm).

P.‘njd,gz lO[aﬁ(%W = ‘33'010(/3]

Example Problem 13. Express P,,,= 12.3 dBm in watts.
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Example Problem 14. The circuit below represents the first three stages of a typical AM oril,M_iﬁﬁ Find

the following quantities. AB= (D log AP «) JB,= |0 loafl o0)> |A0d B
(a) dBy, dBy, and dBs AB 5 = 10 log (0.3)= | 7B
Eb; f’B’}}’ dP dB3= (O log (19000) = L’D"(B
c 1, 472, an ot
(d) Pi,(dBm), P; (dBm), P; (dBm), and P,y (dBm). 0) ABy = dB, +¢JB +ofBy > 20-7+40
Y Pi=PaA, = (o !539181
A ' in Ay = (lpwW)(ro0) = [loopw)
I]‘t:e;l’lﬂ P; - P, AP:. - ({p@pu\f)( ) = S\Opw
P
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Example Problem 15. A two-stage circuit has an input power of 5 pW and an output power of 60 pW. If the
gain of one stage is known to be 18, what is the gain of the second stage?
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Example Problem 16. The gains of the individual components in a three-stage circuit are 10 dB, 25 db and -15
dB. What is the overall gain of the three-stage circuit?
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Example Problem 17. Express a power of 6 W in dBm.

AR = 10109 TEG = [0 leg (F5=iw) ’EZ?Q%@




Example problem 18. The output power of a circuit is -50 dBm. What is this power in watts?

I’our=(rmw)([u'5?33") flon 2

Example Problem 19. The bandwidth of a receiver with a 75-Q input resistance is 6 MHz. If the temperature

is 29°C, what is the input thenn;fa_l__rlg_isg voltage? K= 1,39 xi0” 23
VHKTBR = V) (1.37’((0"‘33/2)(6“9‘ H2)(75 ) T>29¢273 = 302
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Example Problem 20. The signal power at the input to a receiver is 6.2 nW and the noise power at the input to a
receiveris 1.8 nW Express the SNR as a ratio and as a value in decibels.

SAR > P 34 ) SWREBI [0 log (2 =[5.374 )

Example Problem 21.  Answer the following questions about a receiver’s noise figure (NF).

(a -@: False: The NF must be greater than or equal to zero dB.

(b) True ofFalseFor a receiver, the higher the NF, the better the equipment.

(c) Trueo @ he noise at the output of a receiver can be less than the noise at the input.

(d) In designing a multi-stage receiver, why must extra care be devoted to the design of the first stage?
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Example Problem 22.  What is wrong with this argument:

A receiver has a power gain of 4, =3. The signal power at the input is 10 W and the noise power at the

input is 5 W, so the SNR at the input is 10 / 5 = 2. Now, since the gain of the receiver is 3, the signal
power at the output of the receiver is (10 W)(3) = 30 W. Similarly, the noise at the output of the
receiver is also amplified, and equals (5 W)(3) = 15 W. Therefore the SNR at the output of the receiver
is 30 / 15 = 2 (the same as the input SNR). . : 2

> Th"s assvmes the recetver ¢ 5 foj"—ﬂ['?t’ aﬁ/’{‘—‘-’
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Example Problem 23. An amplifier has a measured SNR power ratio of 10,000 at its input and 5,624 at its

output. AWVR= SARA _ |OOCO -
(a) Calculate the NR. SAR eut Se24
(b) Calculate the NF.
/VF'=IO{¢>3A//Q= {0(0_?({,73'):- Xae2d3

Example Problem 24. A receiver has a noise figure of 2.8 dB. The SNR at the input of the receiver is 9.63

dB. What is the SNR at the output of the receiver? R = (0 2 - [.q1
SR,y = SR, -VF SWR W= (0 V=215
= 963dAB - 2,%AB oc SWR,yr = 5——-———‘—’%‘(&“ = 6%—-'5 = Y,%|
= [6. B33
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Example Problem 25. A signal has an SNR at the input equal to 8 dB and an SNR at the output equal to 6 dB.
What is the noise figure (NF) for this circuit? SAR 0 = 1O %o = ¢.31 AF > [0 log VR

/7 = 5/‘“’-;#" 5/Vf<aur SNRour= [0 0 = 3.9 = lO.\'aj'(hW"")

= o WR=5WR. 631
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Example Problem 26. Consider the two stage circuit below, where the gains and noise ratios are indicated on

the figure. Determine:
(a) Thenmseﬁgureforstagel NF =10 leg AR = (0log (1:€)= /m
(b) The noise figure for stage 2. ~F = [0 log (H) = /é o AB )

(c) The noise figure for the overall two-stage combmatlon

A -‘-/{/ + ’U__.___AD"FJ' = 1€ L_('.-—!..
input > > output Ar R, A, " ¥ 4 = 20

A=7 Ay =12 /t/Fr:[O(Oj (/URT): (0193(2.0})

NR=16 NR=4
- 83.0745 )

Example Problem 27. The gain of the three stages of an amplifier are 8.45 dB, 10.79 dB, and 20 dB. The noise
figures associated with these stages are 2.04 dB, 3.0 dB, and 9.29 dB. What is the overall NR and NF for this

cascade of amplifiers? - MR, - {O:’gg v L A=10 e_.'_;st >
i A = MR, = [0%e = ,4;-_;0—:—;-”;\
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4, =845dB A:=10.79dB 4;=20.0dB
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Example Problem 28 Calculate the impedance (Z) of the circuit below at /= 2 MHZ with the indicated
component values

AR = VR, + ”’Qa"f/_%s_;'_; o

L=1uH Z = yw s = b’ 'c::_c 3 (?-f?(zxro‘)((xm'ﬂq)
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Example Problem 29 Suppose you have a series RLC circuit with a 10 pF capacitor that you want to resonate at
40 MHz. What value of inductance should you use? l
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Example Problem 30

—
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(a) Whatols the resonant frec.luencyﬁ of the series RL.C 01‘rcu1t below? 4= 3pjce = an VB3 aH)(2.79F)
(b) At this frequency, what is the impedance of the circuit?
(c) At the resonant frequency, what is the phase difference between the voltage across the circuit and the

current through it? 3 L= i Ep—_—
R=10Q@ L=33nH ’“‘J_E T ATGREY R
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Example Problem 31 What is the bandwidth of a resonant circuit with a frequency of 20 MHz and a Q of 50?

.(‘ M H
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Example Problem 32 For the cir?uit below, determine the:
: & ( 2
a. Resonant frequency §, = 31 vic ~ aTrJOmM)C 4mE - [5’14’4'2. '
b. Quality factor and bandwidth _
c. Half-power frequencies &2 = Xe » 2Tr (m‘j‘i({’“ H) =(AS

R=2Q L_ lmH : ‘
AN —— T _ S, $kHe _
Bad= e TogF 320 t=)

20 sin wt Cf) == C= 04uF Vo pwr freq (5,44,)
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Example Problem 33

L M
What is the cutoff frequency of a single-section RC low-pass filter with R = 8.2 k% and C = 0.0033 mF?
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Example Problem 34

What resistor value R will produce a cutoff frequency of 3.4 kHz with a 0.047 mF capacitor? Is this a high-pass

or low-pass filter? (
C JCD = 2MmRC — f'& - ATE . C

| ik
R= amGy kitz)(oUom F)
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Example Problem 35 The time-domain plot below depicts a sawtooth wave of 1 volt amplitude, generated by
using the first 5 harmonics of the Fourier series approximation. Draw the corresponding frequency-domain plot

of this signal indicating the frequencies and amplitudes of the components.
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Example Problem 36 The 10 kHz triangle wave with an amplitude of 5 volts, is passed through a bandpass filter
with a center frequency of . = 50 kHz and Q = 10. Plot the output of the filter in the time and frequency

domain.
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Example Problem 37

If a carrier signal with an amplitude of 9 V is modulated by a sine wave signal with an amplitude of 7.5 V, what
1s the percentage modulation of the resulting signal?

_ V/\__ 2.5V F
™M V. - oy X% :{93.3}; [

Example Problem 38 You are looking at an AM signal on an oscilloscope. The maximum value of the
modulating wave is 11.8 V and the minimum value is 2.4 V. What is the modulation index?

Vaar=Vorin _ 11,8-2.4
- - ol oo R, (N - O‘é
/\1 VMq,c+ Vein s +2.Y z 6

Example Problem 39 A standard AM broadcast station is allowed to transmit modulating frequencies up to 5
kHz. If the AM station is transmitting on a frequency of 980 kHz, compute the maximum and minimum
frequencies of the upper and lower sidebands and the total bandwidth occupied by the AM station.

USB = Sc*+Sm~ (28045 e, = [M
£3B = fe- fm= (290-5)kH2 =

2w :§p5e,' ;LSB: (75’5-’??$)}<Hz 1’1@

Example Problem 40. In the picture shown, you measure ¥, to be 5.9 voltsand 7, to be 1.2 volts.

max

%

max min

ryn

(a) Determine ¥, and V,. (the amplitudes of the modulating waveform and the carrier waveform)

m

(b) Determine the modulation index. W 53,36
- . ; -l /14‘ —_— i
Vim= Ymax-Vmiqg | 5:3v-Lav = )35y ) e B.SG

- V-Mduf'i- Vm;/l =y 0!66
\/c, S - oy = 5.9 V;I.D.V: /%,55‘\/ > [ l
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Example Problem 41. A 400 Hz tone modulates a 300 kHz carrier. What are the upper and lower sideband

fi ies?
IEUIRIES fusz = 300KH2 + YOO He = Fw}

£isg = 300 lkH, - HOOHz -_

Example Problem 42. The carrier of an AM transmitter is 1000 W, and it is modulated 100%. Determine:

. M= : /
(a) The total power of the AM signal Pr= P.,_(l-l-—a:-): /ngw(“, -ﬁ) ;

(b) The power in each sideband

P = P_E_._'/:t_lzz [o?c)w(;)z
. q — 4 F[asow

Example Problem 43. A 70% modulated 250 Watt carrier is used. What is the power in each sideband?

-

- Pc:—_l':"__—x (ZS‘OL‘\J}(;?J'}"__-
Psg g — -—Eotéwj

Example Problem 44. An AM transmitter has a carrier power of 30 W. The percentage modulation is 85%.
Calculate (a) the total power, and (b) the power in one sideband.

Pr=Pe (1+22) « 30w (| + 25> W

- S >, Bow(.s5?) —
o™ g = - =[b.qawj

Example Problem 45. The unmodulated carrier current into a 50 Q antenna is 10 A. What is the total output
power if the transmitted AM signal is 85% modulated?

=T ofliegy © DA 2] = UETA

Pr=L:*R={r.e724) (so.2) ——Ez{aé wj

Example Problem 46. One way to measure percentage modulation is to measure both modulated and
unmodulated antenna currents. Suppose that the current produced by the carrier alone (no modulation) is 2.2 A.
If the modulated signal current is 2.6 A, what is the percentage modulation?

11



Example Problem 47. An AM signal is 100% modulated (modulation index = 1). The carrier power is 100 W.

4) Pe ™ - (floow)(1™)
(a) What is the total power in the sidebands? FSB { O\ '}xl - <-—-———-$__— =[Sow

(b) What is the total power of the AM signal?
(c) What is the percentage of power in the sidebands?

b']p_r-,loc(,'-r-@;)-—IOOD\-’(I.S)—:“_S'Ow |
- S5ow i r
¢) p::,B ?c:" {500W X(oo 2, = 33 2:»

Example Problem 48. An AM signal has a carrier power of 500 W and a modulation index of 70%. How much

power is in each sideband?
58 g > N = = JE1.25 W )

Example Problem 49. An antenna has an impedance of 40 Q. An unmodulated AM signal produces a current
of 4.8 A. The modulation is 90%. Determine:

(a) The carrier power Pe = T>*R: (Yg A2 (HoRr) = m

(b) The total power. P+ = Pc({“‘ aA*Y (T2l ™ Cil+ if) =[12A495 W
(¢) The total power in thersideban S > C ) 3

Psg= Pr-F = [A45wW=- 9216w = (373.*»{&1_7

Example Problem 50. Consider the circuit below with a sinusoidal input v,(7). Assuming an ideal diode, draw
the output waveform v,(7).

v(1)

NI
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Example Problem 51. Consider the same circuit with an AM input vy(r). Again, assuming an ideal diode, draw

the output waveform v,(7).

(1)

N
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f\uﬂunn ﬂ n n Aanl u_\,(t)iC’\) V,sin(w) R § v,(1)
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Example Problem 52. A transmitter operates on a carrier frequency of 915 MHz. A +1 V square wave
modulating signal produces +12.5 kHz deviation the carrier. The frequency of the modulating signal is 2 kHz.

a. Make a rough sketch of the FM signal. (Time Domain)

b. If the modulating signal amplitude is doubled, what is the resulting carrier frequency deviation?
c. What is the frequency deviation rate of the carrier?

- . QIS, 01T Mt AkH,
Many

N plevial /cn rate = Tl
(ZUU y VT

akie UL.AY?25 N he

N o
“) fre.q_ ﬁfev:aé-c.n sate = (?KHZ

Example Problem 53. Does FM bandwidth increase or decrease with modulation index. Explain.

—

“us /;45_. ’fL = More 5;74-'{‘-.:«&11( -5.‘Jvc£ang/ﬁ’-r'r/‘s => Bw
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Example Problem 54. A signal v,,(7) = sin (2 7 10007) frequency modulates a carrier v (f) = sin (2 © 500,000¢).

The frequency deviation of the carrier is f; = 1000 Hz.

a. Determine the modulation index. = (f" = -"-,%%: ""{ | ;
b. The number of sets of significant side frequenmes -5 Lo Bavsail Fonels v 6'3 |
c. Draw the frequency spectrum of the FM signal.
7V
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Example problem 55.

What is the maximum bandwidth of an FM signal with a deviation of 30 kHz and

maximum modulating signal of 5 kHz as determined the following two ways:

a. Using the table of Bessel functions. —= Mg = ‘-;0‘ - if_i_f%; = &
™M 2

b. Using Carson’s rule.

a) Bw=

2 2SN~ 2(skH)a=

Q(OKH'L

t'p"bﬁ' Besse| Fuﬁt"”.""‘

b) BW= 2 [Cymant frned ~ 2[30Lk, tTHz ] M’T’F}

Example 56. Consider a channel an FM scheme where the maximum deviation allowed is 5 kHz for

frequencies up to 3.333 kHz.

e S &
(a) Sketch the spectrum £ Sne - 3333 ° kS

(b) Determine the bandwidth of the FM signal from your sketch.

(c) Use Carlson’s rule to determine the bandwidth of a channel

.56 JC
5\
«) 23 23
.ol .06 } 06 o\
{ l | L
"I313 -1'1 ‘—‘l‘ "3-3 5“ 3-3 ‘-L Qoq [3'3
-"'-_-""-'_-h
5;" SG*-

Bw=2 [;dﬁar + :F-"qu]

=2[s+3,37] kﬁz‘-zm

Buos (33KLH, X2 -@
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Example 57. Suppose a 5 kHz sine wave is used to FM modulate a 40 MHz carrier. What is the spacing

between the sidebands?

Example 58. A 100 MHz carrier is FM modulated by a 5 kHz modulating signal. The maximum deviation in
the frequency of the carrier is 12.5 kHz. What is the modulation index?

Col (RS EHH r
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