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Problem 1: Thevenin Equivalent Circuits (20 pts)

The Thevenin Equivalent circuit consists of a voltage source (Vth)
in series with a resistor (Rth), which is then in series with a
defined load (RL). Note: A load can be more than one
component. If there are mulitple, the value of the load resistance
should be calculated to create one component.

Rth

Vth

RL
§ In the circuits below, you are to find Vth and Rth and then re-draw
the thevenin circuit with the defined RL. It will help you and the
grader to redraw the circuit as much as needed to find the
answers. Extra space is available in the problem and at the end of

Load I the exam if needed! (DO NOT WRITE ON THE BACK OF THE
—-— . - EXAM IF YOU WANT IT TO BE GRADED!!!)

In this problem, you are to find the Thevenin voltage and resistance for a series of related circuits. While the
circuits and their analysis are similar, treat each circuits as a separate problem.

1.1: Find and sketch the Thevenin Equivalent for for the following circuit. (4 pts)

R2
MWy
4k
R3
MWy
4k
R5
g R1 § R4 § 9k
2k 6k e ——— ==
: |
I
BRY% R6 R7 LR8 |
VE | g 8k 8k 12k I
: toad |
0a
jTj0 L - s s s s s s ml
R = 4kQ R = 9k
2P1 5P1 Rgpy = 12kQ2

\Y;
Vin V]
Take off load, R6,R7,R8 use circuit reduction and

then voltage dividers Rth [ohms]

More space on next page for calculation and redrawn thevenin circuit!



Extra space for 1.1:

Rop1R
2P1'R3p1 3
Rygppi= ————— =2x 10°Q

Rop1 + Rapg

Rap1

Vip1- — 54V
1P1
Rosp1 + Rap1 + Ripg

VR678 =

To find Rth

[ (Rosp1 + Ripa)-Raps
R = + Rspl

Rogp1 + Rip1 + Rap1

4
Ripy = 114 x 10" Q

Name

Thevenin Circuit Drawing
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1.2: Find and sketch the Thevenin Equivalent for for the following circuit. (6 pts)

R2
WV
4k
R3
MWV
4k
R5
§R1 R4 2 o
2k Bk Load
— - -y
v | |
oA R6 R7
N o I Zac | Tfk
| |

o

Find the voltage across R7. Take out the load and do a few voltage dividers.
Finding VR4 which is the same as VR568. Reducing the circuit...

Rgp1-R
6P1 Rep1 3
Rggpy = ————— = 5.455 x 10" Q)

Rep1 + Rgp1

4
Rsggp1 = Regpy + Rspp = 1445 x 107 Q2

Rgpy R
4P1 Rs68pP1 3
Rasggp) = ——————— = 4.24x 10°Q

Rap1 + Reegp1

R
4568P1
VRas68P1 = V1P1 - = — 4631V
1P1 T R23p1 + R4568P1
R
68P1
VResp1 = VRasesPL R L g - /48V
5P1 + RegpP1
Vth2 = VRegP1 V ) v
To find Rth t
(Ro3p1 + R1p1)Rap1 cre e
5p1 |- Regp1
R23p1 + Rip1+ Rapg Rth [ohms]

Repo 1=
the
[(RZSPI + Ryp1)Rap1

+R + R
5p1+ Regp1
Rasp1 + Ripy + R4PJ

More space on next page for calculation and redrawn thevenin circuit!
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Extra space for 1.2: Thevenin Circuit Drawing

3
Riho = 3689 x 10° Q2

1k

Vipg-—— = 0.373V
th2
Rth2 + 1k
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1.3: The circuit below is much more complicated. PSpice simulation results for node voltages are shown on the
diagram. In the first plot the load resistor is very large (100 MQ) while in the second plot the load resistor is much
smaller (1 kQ). Using the given voltages at each of the nodes for both RLoad (open circuit-like and 1kQ)
determine Vth and Rth. Note: A schematic of the thevenin circuit may be helpful to you but it is not
necessary for grading. (8 pts)

R2
i EEE R11
5k
R3 R12
it A7
4K _x
R4 £ R13
R1 z ok =
Bk
S ox 1k
R10
| i EEET |
v §Fii % RLoad
NEF | 100Meg
| o J_
R2 |
P R11
5k
R3 R12
i AL
aK o
R4 £ R13
§R1 ok oK =N
2k R15
0 N
ok ok HESET |
FE RE gRQ RLoad
w-___"ﬂ 10k 1k 1K
T |
o 1
"o

Vth [V]

Rth [ohms]




Name

Vthevenin is open circuit voltage after RLoad is taken off. Therefore, the voltage a the node above
100M ohm RLoad is Vth.

Vipz = 0.7V can round up or not

To find Rth, you should use the thevenin equivalent circuit where the voltage across the 1k load is
415.7mV.

VRLoad = 415.7mV

1k

Therefore: V, =—— V,
RLoad 1KQ + Rth3 th3
Via-kQ
Ripa = L — 1kQ
th3 v
RLoad
Rih3 = 683.907 Rin3 = 6840

1.4: What is the purpose of a thevenin equivalent circuit? (In other words, if it is an analysis tool,
what is it used for?) How does this purpose relate to the procedure to find the thevenin equivalent
circuit? (2 pts)

The thevenin equivalent allows you to switch out different loads without doing analysis all over
again. It is a design tool to simplify.

You are looking to find the voltage and resistance as the load sees it (from the perspective of
the thing you are trying to switch out or design for.)

Note to graders there may be a wide range of answers here. Simplifying the circuit and
something about the perspective of the load should be written here.
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Problem 2: Harmonic Oscillators (20 pts)

The velocity measured for an oscillating cantilever beam is shown in graphical form as:

400mV

‘A‘AA N N

" A )

-400mvV

Os 20s 40s 60s 80s 100s
o V(V1:+)
Time

2.1: Find the decay constant, a, and the angular frequency, w, for this function. Pay close attention to axes. You
must label the graph (arrows) with the points you are using for time and voltage for full credit. (6 pts)

anything from 5.1 to 7 period
w=27f period := 6.5s ything .

3 1
" period

1
= 0.154 —
S

1
wyq = 2-0-f = 0.967;

Vp =03 anything from 0.27 to 0.3
freq = 0.15
DC = 0.025

Can find it using known voltage and known time on the graph: 100mV at 42 sec

_ 100mV
03¢ %= 100mv MY _ 0333 n
0.3V

—ov42s = In(0.333)
o= ~In(0.333) =0.026 close a

2.2: Write the mathematical expression for the voltage in the form Ae%tsinwt. (3 pts)

—0.025t
o

0.3 5in(0.967t)



Name

2.3: Find the acceleraton a(t) of the beam from your answer to part 2.2. Again, use real values for the
constant and provide units where appropirate. (3 pts)

a = 0.3-(-0.025) e~ >9%sin(0.9671)

0.3-0.025 = -7.5x 10 ° 0.967-0.3 = 0.29

a=-7510 e 0%Lgin0.967t) + 0.29¢ “9?*.cos(0.9671)

2.4: Find the decay constant, a, and the angular frequency, w, for this function. Pay close attention to axes. You must
label the graph (arrows) with the points you are using for time and voltage for full credit. (6 pts)

Os 40s 80s 120s 160s
o V(V1:+4)
Time

There is a 3V offset given the center of the sinusoid at 3V.

1 1 :
period2 := 15s fy:= - = 0.067 — anything 0.85 to 1
period2 S L7
1 - =
w:=2-m-fp = 0.419 — 39-22=17 2 085
S
w
t1:=4 V
Al
= —_ = —I - a
Va1:=39-3=09 - 84 n[VAzj
Vpp=31-3=01 o= ———= = 0.027
%7 t1 - t2

2.5: Write the mathematical expression for the voltage. (2 pts)

3+ 085 92" gin(0.4191)
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Problem 3: Op Amp Applications (20 pts)

u1
> Va u2
Vin(t) Vac |, , oy h Vb R5
0Vdc - e o
= 5\/1\’
i
)
R3
MWV R8
C1 u3 AN
— : R6 us
o w ' Vout
,_—0 + VC ou r
=0 b
L R9
3
U4 o
-1 vd R7
R4 =0 oy —AVW-
LA :
Cc2

9V power supplies have been properly connected to all five op-amps in the circuit above

3.1: (5 pts) The circuit has 5 op-amps labeled as U1 through U5. State what the op-amp circuit
is for each.

U1 Circuit: U2 Circuit: U3 Circuit:

Follower Non-inverting Differentiator

U4 Circuit: U5 Circuit:

Integrator Adder (inverting summer)

3.2 (4 pts): Using values listed below, determine the voltage values at Va(t), Vb(t), Vc(t) and Vd(t) as
function fo Vin(t). Please include the symbolic solutions with R1, R2...as preliminary steps. Then you
can substituve resistor values. (Vin(t) will be part of your final answer)

Rq:= 10k2 Ry = 2.5k Ry = 2k Ry = 4k Rg = 20k2 Rg = 40k$2
Ry = 10k2 Rg = 10k2 Rg = 2k Cq:=100pF  C,:=47pF
a) Voltage at point Va(t):

Va(t) = Vin(t)

10



Name

b) Voltage at point Vb(t):

_ Rq ~ 0K .
Vh(t) = [1 + R—Z]Va(t) = (1 + Ej-Vm(t) = 5-Vin(t)

c¢) Voltage at point Vc(t):

dVa(t) - 02 dVin(t)
dt dt

Ve(t) = (R3Cq)-

~(R3:C1) =025

d) Voltage at point Vd(t):

vd(t) = R4.C2-J Va(t) dt:—5.319-J Vin(t) dt

-1
=-5.319 1

3.3: (3 pts) Determine the output voltage, Vout(t), as a function of Vb(t), Vc(t) and Vd(t).

—Rg Rg Rg
Vout(® = —=Vp(®) = — V() - —=V4(t)
out b c d

Rsg Rg R7

R R R

8 8
— - 05 — - 025 8 _4
Rsg Rg 7

Vui(t) = 0.5V (1) - 025V (1) — V4(b)

11



3.4: (3 pts) Find Vout(t) as a function of Vin(t).

)— —5.319.J Vin(t) dt

Vyt(t) = ~0.5-(5-Vin(t)) - 0.25(—0.2.T

-0.55=-25
—0.25--0.2 = 0.05

dvin(t)

Vour(t) = -25Vin(t) + 0.05-—== + 5.319-

J Vin(t) dt

Name

3.4 (5 pts) Design and draw an amplifier circuit (multiple stages may be needed) with three

inputs (V1, V2, and V3) such that:

Vout = V1 -2V2 -4V3 (note: all values of of input voltages are positive to start.)

This is one solution. There are a few...

—out

] = e
Vi e { ,./""') gjlka P, —
10K OPANP %5‘1 1 B /
B0
1 m l!lflf12
20k
R13
v2 A0
10k
R14
V3 A
Sk

Second stage: Summing amplifier with gains -1, -2, and 4

12
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Problem 4: Op Amps (20 pts)

4.1: (5 pts) The input voltage is shown below. Solve for and sketch the output voltage for the
following circuit.

R2
MN
4k
Vv R1 U3
In MN
1k 1 Vou
)
1.0
A AR yARL
A\ A\
N\ N\
\ / /
/ /
\ LA / \ LA TS / \ L
AN p 4 AN pd AN
N\ N\
g N / )4
N\ |/
N\ / ANIW;

:V(thl) 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms

Vo = =202V

out Rl :

Vout = —4:02V =08V peak at -0.2 goes to +0.8, peak at +0.2 goes to -0.8

13



4.2: (5 pts) The input voltage is shown below. Solve for and sketch the output voltage for the

following circuit.

u2
N
VI n + Vv
oy ——  Vout
R2
ANV
$ Rl X
1k
=0
1.0
N /
d AN / AN y.4
P AN P4 /
AP s A AP /
T T T NN 7/————\Q§;fffffffff A
N N\,
yd /. AN y.4
l, N, /, \‘ l,
. / /
-1.0
1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms

0s 0.5ms
0 VRL:1)

Ry
Vour=| 1+ R, Vin

1.0ms

peak at -0.2 goes to -0.6, peak at +0.2 goes to +0.6

14



4.3: (5 pts) The input voltage is shown below. Solve for and sketch the output voltage for the

followina circuit.

R1
NN
2k

Vin |

0.68 UF >4 Vo
1.0
R e e I R e T T o E e
:V(Rlzl) 0.5ms 1.0ms 1.5ms 2.0ms 2.5ms 3.0ms 3.5ms 4.0ms 4.5ms
. 0.4V
dVin V. (1) = ——-t
Vout = “Ry-Cy— in( = 0.68F-2k€2-400 = 0.544 5

Vin(t) = 400t

From 1 to 2 -400 slope * -RC = +0.544 line

From 0 to 1 +400 slope * -RC = -0.544 line

15



Basic Lab Questions

4.4: (3 pts) What circuits were used to create a velocity output from the strain gauges in the cantilever beam
experiment? (Extra credit 2 pts: Draw them as one connected circuit, no partial credit)

Bridge circuit, difference amp, differentiator circuit

4.5: (2 pts) Name at least two names of the TAs from your section of El. (You can write first names only if that's all you
can remember.)

Section 1: Section 2:
Waleed Joe

Olivia Michael
Ziyi Kun

16



