Homework 3 Solutions: Resistive Electrical Circuits
Assigned: Monday, 09/17/2014
Due: Monday, 09/24/2014

Assignment:

Read through Chapter 5 of your textbook, Industrial Electricity, 8th Edition by Brumbach.
At the end of the chapter are review questions.

1. Answer the multiple choice questions 1 through 7.

2. Solve problems 1-3. The book asks you to find the “unknown values.” Specifically,
the unknown values you need to find to achieve full credit are: the source current
and power (total current and power delivered to the circuit by the voltage source), the
current through each resistor, the voltage across each resistor, and the power dissipated
in each resistor.

3. The circuit shown on page 2 1s often called a “voltage divider” as the total voltage
applied to the circuit is divided between the two resistors. This well known circuit can
be analyzed to find a value for the output voltage, V,,;, without having to first find a
value for the current, I.

(a) Show that this is true by showing that the output voltage is given by the formula,

. N
Vous = Ry + Rghn

(b) From Kirchhoff’s Voltage Law, we know that the voltage drop across the two
resistors must sum to the voltage supplied by the source, V,,. What then must
be the formula for the voltage drop across Ry? Give answer in terms of Ry, R,
and Vj,, only.
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Figure 1: Voltage Divider Circuit

Grading:

e Each multiple choice problem was worth 1 point.
e Solution problems 1 - 3 were worth 5 points.

e Voltage divider problem worth 3 points.

Multiple Choice:

1. b. path over which electrons flow
a. has only one path over which the current flows

b. the same value through all parts of the circuit

-~ W N

a. equal to the sum of the resistances of each part of the circuit

o
o

. has more than one path through which electrons can flow

o
P

. equal to the sum of the currents through the various branches

o
o

. equal to the supply voltage

Solution Problems

Problem 1:
How I solved the problem:

e To find source current, Iy, I added all three series resistor values in series to get an
equivalent resistance. Then | used Ohm’s Law with the source voltage and equivalent



resistance to find Ip.
e To find the source power, Fp, | multiphed It by Erp.

e To find the current through each resistor (I, Ia, I3), | noted that because there is only
1 current path in the circuit, the current through each resistor had to be equal to I.

5. Vi), I used Ohm’s Law with each

e To find the voltage across each resistor (V},
resistor’s value and the current through them.

e To find the power dissipated in each resistor, | multiplied the current through them by
the voltage across them.

Answers:

Total resistance:

Rr = Ry + Ry + Ry = 4.4kQ

Value | Power Source | Resistor 1 | Resistor 2 | Resistor 3
Voltage 208V 10399 V 56.72 V 4727V
Current 47.27 mA 47.27 mA 47.27 mA 4727 mA
Power 983 W 492 W 268 W 223 W
Table 1: Solution values for Problem 1
Problem 2:

How I solved the problem:

e To find source current, Iy, | found an equivalent resistance by adding all three resistors
in parallel. Then I used Ohm’s Law with the source voltage and equivalent resistance
to find Ir.

e To find the source power, Fp, I multiplied Iy by Er.

e To find the voltage across each resistor (Vi. Vi, Vi), I noted that because the source
voltage was applied to each branch of the circuit, and that each branch only contained
a single resistor, then each resistor had a voltage across it equal to that of the source.

e To find the current through each resistor (Iy, I, I3), I used Ohm'’s Law with the voltage
across each resistor and each resistor’s value.

e To find the power dissipated in each resistor, I multiplied the current through them by
the voltage across them.



Answers:

Total resistance:

Rr = (i+ 2 + i)_1 = 7.88Q2
Ry Ry Ry
Value | Power Source | Resistor 1 | Resistor 2 | Resistor 3
Voltage 120 V 120V 120 V 120V
Current 1523 A 255 A 12 A 666.67 mA
Power 1.83 kW 306 W 1.44 kW S0 W

Table 2: Solution values for Problem 2

Problem 3:
How I solved the problem:

e To find source current, Iy, | first added the two resistors (R, R3) in the first branch
m series. Then, | added that resistance with the resistor in the second branch in
parallel to get a total equivalent resistance for the circuit.

e To find the source power, Fr, | multiplied It by Er.

e To find the current through each resistor:

— I first noted that the current through Rj and the current through Ry has to be
the same since they are series connected with each other. So Iy = Is.

— Then, I used Kirchhoff’'s Current Law (KCL) to determine that the current
through Ry and Ry when added to the current through K3 has to equal the total
current from the power source. Thus, Iy + Iy = Ip.

— Since the voltage applied across Ry is the source voltage, Iy = Fp /Rs.

— From the current equation gained using KCL, I then found Iy knowing Iy and Is.
And, as already stated, I then had Iy as I) = I5.

e NOTE: There are other ways to achieve the current values. For example, you could
have added Ky and R3 in series to get an equivalent resistance for that branch of the
circuit. Then, you could have found the current through that branch using Ohm'’s
Law with the source voltage and that equivalent resistance. In general, there are more
than one way to analyze circuits. So long as you follow the rules of KVL, KCL and
Ohm’s Law, you will get correct answers.

e To find the voltage across each resistor (Vi, Va, V3), I multiplied the current through
each resistor by the resistor’s value.

e To find the power dissipated in each resistor, | multiplied the current through them by
the voltage across them.



Answers:

1 i
Rr = + — = 210.53kQ2
o (Rl + R2 Rs)

| Value | Power Source | Resistor 1 | Resistor 2 | Resistor 3 |
Voltage 440V 7755V 363V 440V

Current 2.09 mA 1.65 mA 1.65 mA 440 pA
Power 919.6 mW 127.96 mW | 598.95 mW | 193.6 mW

Table 3: Solution values for Problem 3

Voltage Divider Problem:
How 1 solved the problem:

1. First, I noted that the output voltage is the voltage drop across R, 1e., V,, = Vi.
Using Ohm’s Law, this is V,; = Is Rs.

2. Then, I noted that both resistors were in series so the total resistance of the circuit is,

Rr = Ry + Rs.

3. Also, since they are in series with the power source, the current through each resistor
1s the same and equal to the current from the power source. So, I = I} = I,.

4. With that fact, I can find an equation for the current through the circuit using Ohm'’s
Law:

Vi Vi

Ry R 1+ Rs

5. Finally, from step 1, and step 3, | know that V,,;, = I Rs, and plugging in my equation
for I from step 4, I have the equation for the output voltage:

I=

Vour = IRa

Vi
Vou = (5—— ) R
v (R] + RQ) .

: Ry :
Vou! S (1?1 + R?) ‘/iﬂ

6. Now to answer the second question, | could do one of two things.

e First, | could repeat the above steps, except I would be looking for the voltage
across Ry instead of R;. | encourage you to try this and check that the answer is
the same as given below.



e Or, I could use Kirchhoff’s Voltage Law (KVL) to solve the answer.

7. Using KVL, I know that the voltages across the two resistors have to sum to the source
voltage. Since I also know that V,,; = V5, I can solve for the voltage across Ry. That
1S
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