MAE140 Linear Circuits Summer 1 2005
Quiz Solutions. Wednesday June 29

Question 1: Mesh Analysis
Part (i): Note that, because of the current source i isolated in mesh one, we have that current
i1 = i. Thus, considering the mesh equation for the second ( i2) mesh, we have

12il+(12+8+4) i 4iz = O0;
24iz 4i3 12i1=12i3

Similarly, in the third (  i3) mesh, we have
3i1 4i2+(4+2+3) iz = 0;
4i,+9i3 = 3ig:

Thus,
24 4 i 12

4 9 i3 3

To demonstrate the solution, note that

24 4 ’%—' . 12
4 9 = 3
Part (ii): The voltage v indicated on the diagram is the voltage across the 12 resistor mea-
sured from bottom to top plus that across the 3 resistor measured in the same sense.
That is,
L L 2. 2. .
v=12 (i1 i2)+3 (i1 |3)=12§|+3§|=6|:
Part (iii):
Resistor 12 8 4 3 2
current 230 E 3
power g—giz ;—giz 0 %—giz %—giz

H 1502 — gi2 = yi
Total power is thus  Z2i< =6i° = vi.



Question 2: Nodal Analysis

Part (i): Two circuits are equivalent is their v i relationships are identical no matter what
is connected across the terminals. If a voltage v measured positive at Node A and negative at
Node D is connected across Nodes A and D, then the current, ia, Owing into Node A satis es
v+15 3000, =0 for both circuits. So they must be equivalent.

Note that the voltage ve = va 3000, while vg = vp +15.

Part (ii)): Here is the redrawing of the circuit. The advantage of having the ground at Node A

is that is gives us directly the voltages Ve =15V and vg = 24V without needing to introduce
these circuit variables for solution.

Part(iii):  This is redrawn here. Note that we have replaced the series 6K resistor and 48V

source between Nodes B and D by a parallel connection of a 6K resistor and %A=8mA
current source.

Part (iv): Keeping the factor of 10 2 on each side of the equation under our hats, we have



nodal equations in the two unknown voltages vc and vp given by.

1y141 1 v 24
27T 271 1 c _ a
1 1, 1,1 = 15 2
1 3t1ts Vo 3 ®*8
Substitution of vc = 0V and vp = 6V veries the equation. Thus ip,=0 because there is

zero voltage drop across the 3K resistor, and i, = 3mA using the formula in Part (i) above;
v +15 3000, =0:

Question 3: Power

Part (i): At 12 volts, a 120W headlight will draw 10A current. A 120Ah ba ttery at 12 volts will
deliver this current for 12 hours. The resistance of the ligh tis R=v=i=1:2 .
Similar calculations show that the 120Ah battery would powe r the 1.2W radio for 1200 hours.

Likewise its resistance is 1200

The starter motor draws 240A at 12V, so its resistance is R = v=i = 0:05 , and its power is
p= vi =2880W.

Part (ii): We have Rygqio = 1200 , Rlight =1:2 and Rgigrter =0:05 . The circuit is a current
divider in series with the 0.05 internal resistance, which acts like a voltage divider.

The equivalent resistance of the current divider section is given almost exactly by the lowest
value of the resistances in parallel. This is so because of th e factor of 100 between the various
values.

Thus, if the starter is switched off, the resistance is eithe r1.2 if the headlights are on, 1200

if the headlights are off and the radio on, or 1 if everything is off. In this case, the voltage
division tells us that all the 12 volts appears across the loa d.

If the starter is on, then the total resistance of the paralle | section is 0.05  and the circuit is
a voltage divider with only 6 volts appearing across the load and 6 volts being lost by drawing
120A from the battery. Consequently, the radio and lights wi Il have only 6 volts supply and
will turn off and dim, respectively. We see this when we start the car with the lights on.

Of course, smart modern cars turn off the lights to prevent li miting the current to the starter

when the key is turned.

Part (iii): If the alternator has a voltage of 13V then, in order to force ¢ urrent into the battery
and to drive the accessories, it must be connected ground-to -ground and positive-to-positive
to the battery. Thus the current ow is into the positive term inal of the battery and is 1V
owing through a 0.05 or 20A. Since the positive current is owing into the positiv e terminal
the battery is absorbing power and it will get warmer. Likewi se, because we have an internal
resistor, when the battery delivers power, it also gets warm er.



