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Unified Engineering I Fall 2004

Problem S7 (Signals and Systems)

As discussed in the notes and in class, one useful model for a battery is an ideal
voltage source in series with an internal resistance, as shown below:
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battery circuit element model for battery including internal resistance

For a typical car battery, V = 12 volts, and Ri = 0.01 Ω.

Now, suppose we attach the car battery to a load, such as the starter motor, as in
the figure below:
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The load will draw current from the battery, which will reduce the voltage of the
battery somewhat. The goal is to design the load (the starter) to get as much power
from the battery as possible.

1. Find the voltage across the load, vL, as a function of the current through the
load, iL.

2. Find the power dissipated by the load, PL, in terms of the current through the
load.

3. Find the value of iL that maximizes the power dissipated by the load. Also find
the corresponding voltage across the load.

4. How much power can a typical 12 volt car battery supply to a starter? Does
this answer seem reasonable to you? Note: 1 horsepower is equal to 746 Watts.

5. If the load were a resistor instead of a starter motor, what value of resistance
would maximize the power dissipated across the load?
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Problem S8 (Signals and Systems)

1. Using the constitutive law for capacitors and inductors, derive the equivalent
capacitance and inductance for the following series and parallel configurations:

a) C1

C2

b) C1 C2

c) L1 L2

d) L1

L2

2. Find a set of differential equations that describe the dynamics of the circuit
below, using the node method

R1 C5

C2

C3

R4

where

R1 = 1 Ω, C2 = 0.2 F, C3 = 0.2 F, R4 = 4 Ω, C5 = 0.5 F

Note: You do not have to solve the differential equations.
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Problem S9 (Signals and Systems)

R4

R3

R5
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Consider the network above, with

C1 = 1 F, C2 = 2 F, R3 = 2 Ω, R4 = 1 Ω, R5 = 1 Ω

The capacitor voltages at time t = 0 are such that

e1(0) = 3 V, e2(0) = 6 V

Find the node voltages (e1(t), e2(t), e3(t)) as a function of time.


