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0w Calculate i;.
1 The 10 mA source provides all the current flowing
... | through the 200Q) in parallel with 800Q. (Note that
2 204 | 10mA flows through the 3000hm from left to right so
200 10mA will divide through the 200 and 800ohm).
AA o Thus, the current divider formula gives the value of
i:

200 2

Calculate ;.

. __10m(300) _ 10m(800)
1™ (800 +200) 1k

il =8mA

| |

Calculate wq.

|

Calculate V1.

If we follow the wires in the circuit, the 12Q is
in series with the 3Q, and the 5V source is in
series with 15V which is across (highlighted).
Thus, the value of V1 is given by the voltage-
divider formula:

10(3) 30
Vl =

12+3 15

V1:2V

3. Find the value of total resistance between terminals a and b.

A" K S
IKST
20

Summer 2010

Rab=3k+7k+(1k| | 1k)| |2k

(1) (1K)
1k + 1k 12k

Rab = 10k + 2k||2k
]jé o (2k)(2k)

|

Rab = 10k +

Rab = 10k + k1 2k

* b Rab = 10k + 1k

Rab = 11,0000




=CE= 1270 UN“JLH-W

Homework #2 Solution oF UTAH

4.

SoL'N: a) The voltage drops and currents may be measured in one of two directions
for each resistor so long as we follow the passive sign convention. One
such consistent labeling is shown below.

ia

is
=
I
+ Vo —
Rz

Rlé;l Lil w@)

Denve an expression for vy. The expression must not contain more than
the circuit parameters i, vy, £y, and By

We observe that no components are in series and carrying the same
current. (This is always a necessary thing to check for, however, as we
need such equations when there are components in series.)

Looldng for voltage-loops, we find that only the lower loop aveids the
CUITent source.

iRy —irRy —v, =0V

A current summation at the left node gives a second equation for i1 and ia:
—iy+ir+i=0A

Solving this equation for iz in terms of i1 vields the following result:
i2=iz—i1

Substituting for i; in the previous equation yields an equation in terms on

only iy:

J'-]_Rl —{!:a —{l}Rz —Vy = owv

or
QiR+ Ra)=vy + i3/
or
. vgt+ighs
h=——
H]. +R2

By Ohm's law, v = i1R].

. Ry
=lvy +ighy )| ——
1= hFa ™tz Hl + R:

5. Derive an expression using the circuit in Problem #4 above for the power through R2 resistor. The
known values are i, V,, Ry, and R,.

1:2 = ia'il power = iZ'iZ'RZ = (la - il)ZRZ = lng - Zlal1R2+l]2_R2 =
2
- — 2P _ i : _ Ry . 2 ( Ry )
power= = igR, — 2i,(vg + igR;) TR, Ry + (vg + igR) TR, R,

Summer 2010 2
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6. R,
NN\
+ + —>—
. 13
lzl R,

i, (1) (Ve

I

R
=
d
| —+ —AAA—

+
Vi %Rl

Derive the expression for Vq containing not more than circuit parameters o, Ry, Ry, Rs, V,, and i,.

The above circuit is labeled with current directions and polarity. Using these labeled currents,
there are 3 voltage loops:

+V1 +(XV1 —i3R3 —Va =0
+i1R1 +i2R2 —i3R3 —Va =0
(XVl —i2R2 =0

Taking a current summation:
+ia - il - i3 =0

i3 = (i, —ip)
Taking the first equation from the voltage loops and plugging in the above value for i3:
V1(06+1)—iaR3 +i1R3 —Va =0

Using Ohm’s Law in this equation for V:

Vi =ik

ilRl(Oc+1)+ilR3 = iaR3 +Va

Vl :ilRl = —laR3 +Va R
R3 +R1((X+1)

7. Using the circuit shown in Problem #6, derive an expression for the power through R2. The known
values are a, i,,V,, R, R,and R;,

Using the value found in #6 and solving for the Power:

(iaR3+Va) ZR
(R3 +R1(Oc+1))

P:ilelzl:
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8.

Denve an expression for i3. The expression must not contain more than the

R;

circuit parameters o, v, K1, Ko, and R3. Note: o =0.

[

Sovr'w: We add to the circuit diagram labels that are comsistent with the passive

sipn convention:
+ v — + v —
R’ R
VA AN
e

w(®) _&;I:

We look for comyponents in series and find that B> and &5 are in series.

Toming to voltage loops, we hawve valid voltage loops on the left side and
right side. ‘The left side vields the following equation:

vg — iR —oig =0V

We can solve this equation for iz immediately:

ix

_¥a

o

The right side yields the following equation:

aig — i3k —izk3 =0 A

Using the walue of iy from above, we can solve for i3

a)(Ry + R3)

5 Ta-
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vV

The op-amp operates in the linear mode. Using am appropriate model of the op-
amp, derve an expression for vy in terms of not more than i, va. B, and Ro.

SoL'N: We first remove the op-amp and assume the op-amp output voltage has the
value necessary to make the voltage drop across the op-amp inputs equal
zero volts. Ome possible way of Labeling the resulting circuit, consistent
with the passive sign convention, is shown below.

A== N
P’xﬂ—\c"'\ lp"““_—h
11 i 12 H
+ V1 — i's + V2= i
i E :
L —_— .: ;
vi=0V fﬂ# -
o Il sOF
ay _ i 3 v
EB)
e |
o il o

Looking first for components in senies that camry the same current, we find
only Rz and vy and v, which is if little belp sinee we avoid defiming a

current for a voltage sounrce.
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We move on to voltage loops. We must use a loop that passes throngh
vi =0V, if possible. On the left, we have a voltage loop that skips v; to
pass through R; and then through w;.

Vi _f].H]. + vy = ov
Note that we use Ohm's law to write v] as iR} and eliminate v

immediately. Sinece v =0 V, we may solve for ij.

i =;,—j @)

On the right side, we have a second voltage loop.
-1y =y —vy =0V (2)
Now we look for a node where we can do a current summation. The top

node 15 the most obvious node where we might have three nonzero

currents without having to define a current for a voltage source. (The
node on the left side would also work if we observe that i flows inv,.)

—iy—iy+i =0 A (3)
Using the value of i; from (1), we can solve (3) for 45

. . L
In =iy +—a
K

Using this value for i> and using vg = 0 V we can solve (2) for vg:

vo =—i2Ry = -i' i+ ;—alifej
\ 1/

1?11"

UNIVERSITY
oFUTAH

10.
R,
AVAYAY;
ia
Ry

The op-amp operates is in the linear mode. Using an appropriate model of the op-amp, derive an

expression for V in terms of not more than i,, R, Ry, R3, and V,.
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We first remove the op-amp and assume the op-amp output voltage has the value necessary to
make the voltage drop across the op-amp inputs equal zero volts. One possible way of labeling
the resulting circuit, consistent with the passive sign convention, is shown above (right).

Looking first for components in series that carry the same current, we see that R4 and R3 have
equal but opposite currents:

I3="1,

Next, we look for voltage loops, making sure we use the 0 V drop across the op-amp inputs at
least once. The small voltage loop shown on the diagram above yields the following
Equation (using the current through R3 as i,:

+V, +i,R3 -V, =0

Solving for Vo:

Vo=V, +1,R3
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