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1. Logic Gates Y ou should recognize the logic gatesin the figure below as those used in
part of Experiment 10. If you performed the same kind of experiment as you did when
you tested the gates on the protoboard, which of the following three figuresis correct for
the inputs shown? Thedigital clock represents the function generator and the other inputs
are DC values obtained by connecting to the ground and V¢ rails on the protoboard.
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Answer: The one below is correct.
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2. Digital-to-Analog Converter

The configuration of op-amps and resistors shown below can produce an analog output
voltage (across the last 100k? resistor on the right) equal to the binary word ABCD input
at the left. Assume that you are working with TTL devices, so the voltage levels for ones
and zerosare TTL levels (OV and 5V). Sedlect valuesfor R1, R2, R3, and R4 so that the
output voltage will be the decimal equivalent of ABCD, for any choice of ABCD.

Rl1= R2 = R3= R4 =

Y our choices of resistors should work for any number, but specifically show that your
values work for the two binary numbers ABCD =0110 and ABCD = 1001.
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a) Answer:
Vout = -R5 x [VA/RL + VB/R2 + VC/R3 + VD/R4] x -(R7/R6)
Vout = [VA/RL + VB/R2 + VC/R3 + VD/R4] x [(R7xR5)/R6]
(R7xR5)/R6 = (100Kx20K)/25K = 80K
input bit Vout VA VB VC VD Equation R
0001 1 1v 0 0 0 5v Vout=80KxVD/R4 R4 = 400K
0010 2 pAYS 0 0 5v 0 Vout=80KxVC/R3 R3= 200K
0100 3 4V 0 5v 0 0 Vout=80KxVB/R2 R2=100K
1000 3 8Vv 5v 0 0 0 Vout=80KxVA/R1 R1=50K
Therefore, R1=50K ohms, R2=100K ohms, R3=200K ohms, R4=400K ohms.
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ABCD = 0110 (binary) = 6 (decimal)
Vout = 6V =? [VA/RL + VB/R2 + VC/R3 + VD/R4] * (R6*R5)/R7
6V =7? [5/100K + 5/200K]*80K = 6V (checks)

ABCD = 1001 (binary) = 9 (decimal)

Vout = 9V =? [VA/RL + VB/R2 + VC/R3 + VD/R4] * (R6* R5)/R7
9V =7 [5/50K + 5/400K]*80K
9V =?[.08+.02+.01]*80 = 9V (checks)

3. Combinational Logic
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Which of the following truth tablesis correct for this circuit?

Work:

A B UlA:Y U2AY U3AY UBA:Y U4A:Y UBA:Y
0 0 1 1 1 1 1 1

0 1 1 0 1 0 0 0

1 0 0 1 1 1 1 1

1 1 0 0 1 0 0 0
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Answer: the one below is correct

A B Q A B
0 0 1 0 0
0 1 0 0 1
1 0 1 1 0
1 1 0 1 1
A B Q A B
0 0 1 0 0
0 1 1 0 1
1 0 1 1 0
1 1 0 1 1
A B Q A B
0 0 0 0 0
0 1 0 0 1
1 0 0 1 0
1 1 1 1 1
A B Q A B
0 0 0 0 0
0 1 1 0 1
1 0 0 1 0
1 1 1 1 1
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4. NAND Gate Circuits

It is possible to configure all standard gates using just NAND gates. The figure below
shows one such combination of NANDs. There are six voltages displayed on the transient
voltage plot below. Identify which signal goes with which location. Seeif you can
identify what the overall circuit is equivalent to. (Y ou might want to construct the truth
table for this purpose.) Remember that each standard gate comes in two forms, one that
performs a particular logical function and one that performs the complement of (or NOT
the) function.
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Answer : Method 1 - Truth Table

DSTM1(A) [DSTM2(B) [U1A:Y(C) [U2AY(D) [U3AY(E) [U4AY(Q)
0 0 1 1 0 1
0 1 1 0 1 0
1 0 0 1 1 0
1 1 0 0 1 0

Thisisa NOR GATE

Answer: Method 2 — Boolean Algebra

A ? B = A ?B = A+ B « NORGATE
~~(~A?~B) =(~A?~B) =~(A+B) & NOR GATE
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Transistor Switch —Relay Circuit
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In the circuit above, the voltage source Vpulse puts out a sequence of pulses and the
voltages at the source and three other points are monitored (marked A, B, C and D). You
will note that thiscircuit is like the one we used in Exp 10 and in the Clapper project. The
relay model used by PSpice (which gives switch times, circuit parameters, etc.) islisted
bel ow:

X_U2 NO00064 0 NO0O350 N00343 NO0087 Relay_Spdt Bhv PARAMS:
+ T_make=20m

+ T_break=10m

+1_pull=35ma

+1_drop=25ma

+ R_coil=100 (Thisisimportant)

+ L_coil=5mH

+ R_open=100MEG

+ R _close=.05

Using thisinformation and the overall circuit diagram, identify which of the following
plots goes with this circuit?
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Ansner:
Vpulseis off(0 volts) = VA = 0V (pulselow) and VB = OV (pulse low) e diode is Off &
current flows through relay < relay switch at NO
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VD = 9V
VC = V2* Rga/(Reiay + R6) =9(100)/(100+100) = 4.5V

Vpulseison(3 volts) & VA = 3V (pulse high) and VB = 0.6 volts (drop across diode
when on) & diodeison « no current flows through relay < relay smtch at NC
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VC = 0V (Thereisactually a 0.2 voltage drop across the transistor when it is shorted
which you can see, if you look.)
VD = 0V (NO is not attached to anything)
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