
PHYS 231 – Assignment #5

Due Monday, December 4 @ 10:00 am

1. Determine the truth table for the combination of NAND gates in the figure below. What binary

operation does this combination of NAND gates perform? Show all of your work. Writing down

only the correct answer will not receive credit.

A

B

Q

2. Logical theorems and identities:

(a) Prove DeMorgan’s theorems: A ·B = A + B and A+B = A · B. The proofs can consist of

simply verifying that the truth tables of the left- and right-hand sides of the equalities are identical.

(b) Show that (A+B) · C = A · C +B · C

(c) Show that A · A = 0

(d) Show that A · A = A

Again, for (b), (c), and (d) it is sufficient to show that the truth tables for both sides of the

expressions are identical.
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3. Consider the following circuit:

A

B

C

Q

Your task is to design a simpler circuit that will produce the same truth table. You should do

this by first writing down a logic expression that represents Q in terms of A, B, and C. Then

simplify your expression using some of the identities and theorems that you proved in problem 2.

This circuit can be replaced with two gates! Note that wires that intersect without a dot are not

connected.
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4. The circuit shown below is a 4-bit digital-to-analog converter (DAC). It takes a digital input like

1001, for example, and outputs the corresponding analog voltage.

(a) Show that the output of the op-amp circuit is given by:

Vout =

(
1 +

RF

RG

)[
N∑
j=1

1

Rj

]−1 N∑
j=1

Vj

Rj

where in this particular example N = 4. Hint : Make use of the fact that the op-amp golden rule

for currents requires that
N∑
j=1

Ij = 0 where Ij is the current in resistor Rj.

(b) Now suppose that R1 = 10 kΩ, R2 = 5 kΩ, R3 = 2.5 kΩ, R4 = 1.25 kΩ, RF = 20 kΩ, and

RG = 10 kΩ. What would be the output for the following inputs?

(V4, V3, V2, V1) = (0, 0, 0, 0) V

= (0, 0, 0, 5) V

= (0, 0, 5, 0) V

= (0, 0, 5, 5) V

= (0, 5, 0, 0) V

= (0, 5, 0, 5) V

= (0, 5, 5, 0) V

= (0, 5, 5, 5) V

= (5, 0, 0, 0) V

. . .

= (5, 5, 5, 5) V
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EXTRA Practice Problems – won’t be graded.

• Eggleston Chapter 8: #1, 2, 3, 4, 5, & 7

Consider the circuit shown in Fig. 1.

Figure 1: A clipper circuit!

Assume that the input voltage V = A sin (ωt) where the amplitude A = 10V, VB1 = 5V, VB2 = 3V,

and that the diodes are silicon diodes with turn-on voltages of Vd = 0.6V.

Make a neat sketch of the output voltage V0 versus time. The time axis should span several periods

T = 2π/ω of the the input voltage V . The vertical axis of your plot should have an accurately-

labeled scale.
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Determine the truth table for the transistor circuit shown in the figure below. What binary operation

does this circuit perform? Note that intersecting wires without a dot are not connected.

A

B

Q

Vcc
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