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Choose an R, an L, or a Cto be placed in the dashed-line box to make  v(t) =V, cos(tkt —45°)

where 1 is a positive, (i.e., nonzero), real constant. State the value of the component
you choose.

A

2. With your component from problem 1 in the circuit, calculate the resulting value of I,.
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2, Give numerical answers to each of the following questions:

a.

b.

C.

d.

e.

~30k - (j1k)

. Express your answer in rectangular form.
30k + jlk

Rationalize

Find the polar form of (e“so ) [\/l +§- —j\/l——i-] (Note: The asterisk means
conjugate.)
Find the following phasor: P[S sin(34z +1 15")] .
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Find the magnitude of

Find the imaginary part of
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3.

w=10

v;,(t) = 25in(10t+180°)V C)

()=2 cos(lott|80-%)

Choose an R, an L, or a C to be placed in the dashed-line box to make <i(t) = |,cos(10t+45°)A O L\E)o

—
—

where Iy is a real constant. State the value of the component you choose. 1= L €

4. With your component from problem 3 in the circuit, calculate the resulting value of 1.
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Draw a frequency-domain equivalent of the above circuit. Show a numerical phasor value for ig(t), and
show numerical impedance values for R, L, and C. Label the dependent source appropriately.

6. Find the Thevenin equivalent (in the frequency domain) for the circuit from Problem 6. Give the
numerical phasor value for Vrpy, and the numerical impedance value of zy, .
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Draw a frequency-domain equivalent of the above circuit. Show a numerical phasor value for is(t), and
show numerical impedance values for R, L, and C. Label the dependent source appropriately.

8. Find the Thevenin equivalent (in the frequency domain) for the circuit from Problem 8. Give the
) Fmd numerical phasor value for Vp, and the numerical impedance value of zty, .
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a) Draw a frequency-domain equivalent of the above circuit. Show a numerical
‘phasor value for is(?), and show numerical impedance values for R, L, and C.

Label the dependent source appropriately.

- b)  Find the Thevenin equivalent (in the frequency domain) for the above circuit
relative to terminals a and b. Give the numerical phasor value for Vyy and the
numerical impedance value of zrp.

SOL'N: a) The frequency-domain has phasor values for the voltages and currents and
impedances for R's, L's, and C's. For the value of o, we look at the
independent source and find that w = 5 M r/s.

I, =1520°A
joL = j(5M2pQ = j10Q

:!_:____'1__9____]'109
oC 5M-20n

Frequency-domain diagram:

o O a
+
j10 10 Q2 2 Vx I, =1540°A —10Q _—
V4 -
@ : ' ob

b) We find the Thevenin equivalent the same way we would find it if we
were dealing with a DC circuit. The only difference is that the values we
are dealing with are complex.




4. (cont )

The Thevenin equivalent voltage may be found by the node-voltage
method. The Thevenin voltage is the drop from a to b, and is the same as
Vx. We sum the currents out of the top node.
Vx ""'Vx + Vx "Is"' Yx -
j1082 10Q -j10Q

or
\ A _2 + 1 + _1 =], =15A
j10Q 10Q  -jl0Q
or
Vx —]2+ L +—L_|=15A
10Q° 10Q  10Q
or
V|- |15
10Q 109
or
V| o | y54L02 1510 14), 4510040
10Q 10Q 1-j 1-j 1+ -
or

lVTh = Vx = 75 + _]75 Vl

Another approach would be to observe that, from a voltage loop on the left
side, we have voltage drop 2V across the L. Thus, we may calculate the
current through the L and the dependent source in terms of Vy.

2V,

| A &
L™ %00

We calculate an equivalent impedance for the dependent source:

-V,
Zeg= V;‘

jloQ

=-j5Q




q. (COY\J\T)

Adding this impedance to the impedance of the L, we have an impedance
on the left side of j5 Q. We may use this value in place of the L and
dependent source. This substitution is valid regardless of what is
connected across the a and b terminals. Thus, we may use the equivalent
impedance and find the zry by turning off the independent source and
looking in from the a and b terminals. This yields the following answer:
ZTh ==j10Q110Q 11 j5Q = 7 11 i Q= 7 11 37 Q
10710755 107107 10

or

10 o 10 -1+JQ=10(1+J)Q

Z = =
T T 1= 1+ 2

or

We obtain the same answer if we use the dependent source, turn off the- :

independent current source, and attach a 1 V source to the a and b~ |

terminals.
+ <
. | L
j10 % 10Q V=1V 1V —10Q —_ 1V
AN = |
< b

We find i by summing currents through the components.

2V 1V v 1 -Jj
I, =- + +— = +
J10Q2 10 -j10Q 10Q 10Q

This yields the same value of zrp as before.

. IV 10 o 10 1+jQ 101+ j)
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Q=5+j5Q
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is(£) =9sin(40kz) A (D 10 Q 7.5uF _~ n |
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a) Choose an R, an L, or a C to be placed in the dashed-line box to make
i(t) =1, cos(40kt — 45°)
where I, is a positive, (i.e., nonzero and non-negative), real constant with units

of Amps. State the value of the component you choose.

' b)  With your component from part () in the circuit, calculate the resulting value of
Io.

SoL'N: a) The first step is to convert the circuit to the frequency domain. Note that
the value of w comes from the current source on the left.

Zc=.1 eI . Tl o_Z/0g
joC  (40K)75u%  300m 3

I, =—j9A =92 -90°A

I=1,£-45°A
. +
ll ; - 1 T
I, =9£-90°A CD 10Q :-];9-9 - | Zbox 1V
I_ T__l

A label for the voltage, V, from the top to the bottom rail has been added
on the right, to assist in calculations. The value of V is equal to the
current from the source times the total impedance in the circuit.

V =Lzior

From V, we may obtain the value of I by Ohm's law.
V Lz

T10Q 10Q




0. (cond: )

At this point, we may work with angles alone.

LI=L1 + Lz ~ £10Q

or

"'450 = "'900 + thot - Oo

or

Azto[ = "'450 + 900 = 450

Matters are simplified by considering the admittance, (i.e., 1/z), form of
parallel impedance. ‘

1
Zgot = 1 3 1

+ +

Taking this a step further, if we consider the total admittance we obtain a
summation of admittances.

1 1 3 1
= +——
Zie 10Q —j10Q  zpox

The angle of admittance is the negative of the angle of impedance,
(because we subtract the angle of the denominator from the angle of the
numerator when we divide). This allows us to determine the angle of the
total admittance. SR

L—l_— = —Z.Ztot = "“450
Ztot

We now have an equation that allows us to use a graphical approach to
solve for the admittance of zpox.

_1_=-45°=L( L + J3 + ! )
Ztot 10Q 109 zpox

The graph, below, shows the —45° line on which the total admittance must
lie and the sum of the first two admittances on the right side of the above
equation. The admittances, being complex, sum as vectors. The vectors
are placed end-to-end. The third admittance, (1/zp0x), placed at the end of
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the second vector, must take the total admittance down to the —45° line.
The diagram shows the directions each type of component would move

the total impedance.
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The solution for 1/zp0x must be an inductor that moves the total down to -

1.1
10’10
1 .4
oL~ 710

Solving for L, we have the following derivation.

(nL=—1—9—£2
4

or

0o 10 gl iHoe2suH
4o - A40K) 16

We can check our solution to verify that it yields the correct result.




0. (CDVL‘}‘:)

joL = j(40K)62.5uQ = j2.5Q

and
B 1 _ 1 - 1
Ztot =77 3 1 -1  j3 -4 1 .1
+ + + + —-j
10Q -jl0Q j25Q 10Q 10Q@ 10Q 10Q “10Q
or
SRR SR VRPN (U £ PO (LUK P
1 N A=) A=) 1+
—1~J)
10Q

We can verify that the angle for I is —45°, as desired:

Iy 92-90°A-(5+j5)Q  9£-90°A-5+2£45°Q
10Q 10Q 10£0°Q

or

I="—-/-45°A

92
2

The angle is correct.

b) The above verification gives the value for I,. If only the magnitude of I is

of concern, then we may perform a more efficient calculation.

=1, = LB Moo _9A-[5+ 5] _ 9(5+2) Ax N2
° l10@| fog| 10 10 2
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