Electrical Engineering and Computer Science

6.200 — Circuits & Electronics
Spring 2023

Midterm 2
4/19/2023
Name:
° There are 7 problems and 23 pages (including this cover page) in this exam.
° There are 90 possible points you can earn on this exam.
° Do not remove any pages from this exam.
° Do your work for each question within the boundaries of that question. If you use

the back of any pages for work, indicate this fact in text in the valid answer space.
Enter your answer to each question in the corresponding answer box provided.

. You may refer to one 8.5”x 11”7 pages of notes, double-sided. Calculators, smart-
phones, and laptops are not permitted.

. Show your work. Unless you write out your thought process clearly, partial credit
will not be awarded for incorrect solutions.



Problem 1, 6 pts: Node Your Typical Circuit

Consider this circuit:

(1A) (6pts) Use the node method to solve for the node potential e. Note: ¢ may not
appear in your solution.

Use KCL on supernode

v v _
(6;}23) + (€;R3) —2i+§+% —0 where (¢ +V/3)/2R = i

é(e—&-%) 2(e+%)+i+i7170
R 2R 2R 2R 2R
=2e=V
ée:K
2

e=V/2
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Problem 2, 14 pts: Riding the Graphy Train

The two graphs below show electrical variables as functions of time. One graph shows voltage
in volts while the other shows current in milliamps. Which graph shows which variable is to
be determined.

Graph 1 Graph 2

Time [ps]
10 20 30 40 10 20 30 40

(2A) (4pts) The network shown below comprises a voltage source, a resistor and a capac-
itor. Prior to t = 0, the capacitor has no charge and the source voltage is zero. At
t = 0, the voltage source steps to V. Determine which graph above shows i(t) and
which graph shows v(t). To discourage guessing, 1 pt of partial credit will be
provided for each answer left blank.

where

wo-{1 5 L

Att=0_,v=0=t=04 v=0 by continuity of charge = graph 1 = v.
At t = 04 C — voltage source with strength 0 =i =V /R # 0 = graph 2.

Circle the correct graphs:

i(t) = OGraphl Graph2 v(t) = Graphl OGraph2
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(2B) (3pts) Following Part (A), determine R, C' and V' from the graphical information.
The graphs and circuit schematic are repeated below for your convenience. Remember
to include units in your answer.

Graph 1 Graph 2

Time [us]
10 20 30 40

AT Graph 1 { Graph 2

Time [us]

10 20 30 ]

Time [us]

From graph 2 i(0,) = ¥ =24

% =
From intercept with asymptote 7 ~ 10us

= RC = 10us

From v(oc0) =4V = V =4V

= R =2Q

= C =5uF

R =20 C =5uF V =4V
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(2C) (4pts) The network shown below comprises a voltage source, a resistor and an induc-
tor. Prior to t = 0, the inductor is at rest and the source voltage is zero. At t = 0,
the voltage source steps to V. Determine which graph above shows i(¢) and which
graph shows v(t). The graphs and circuit schematic are repeated below for your con-
venience. To discourage guessing, 1 pt of partial credit will be provided for
leaving the answer blank.

Graph 1 Graph 2
4
2
Time [ps]
10 20 30 40
R i(t)
_|_
Vu(t) v(t) <L
Att=0_i=0
from continuity i(04+) =4(0_) =0
=4 is graph 1
Doing KVL at ¢t = 0
R
\%4 I=0
sv=V
= v is graph 2
Circle the correct graphs:
i(t) = OGraphl Graph2 v(t) = Graphl OGraph2
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(2D) (3pts) Following Part (C), determine R, L and V' from the graphical information.
The graphs and circuit schematic are repeated below for your convenience. Remember
to include units in your answer.

Graph 1 Graph 2
4
2
Time [us]
10 20 30 40
I i(t)
+
Vau(t) v(t) L
From part B 7 = 10us = %
From i(c0) = % =4A
At O+ v = V = 2V
= R=0.50
=L =>5uH
R =0.502 L=>5uH V =92V
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Problem 3, 14 pts: A Fowl In-Duck-tor

Consider the circuit below which comprises a voltage source, a resistor, an inductor and an
ideal switch. Assume that the switch has been open for a very long time prior to ¢t = 0 so
that the circuit operates in steady state at that time.

(3A) (2pts) Determine i(t) and v(t) for the time just before ¢t = 0, i.e. at the time t = 0_.

\ &8

Inductor becomes a short

i(0-) = V/R b(0) =V
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Now, as shown below, at ¢ = 0 assume the switch is suddenly closed.

(3B) (6pts) Write an expression for i(t) and v(t) for all times ¢ > 0.

Y'Y
+

| ye.

vL

16 =

t
i:l/ ot +i(04) @)
L Jo,
I |4
\%4 \%4
ZZH_E (4)
i(t)=Yt+ % v(t) =0
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At some time t,, where t, > 0, assume the switch opens again, as shown below.

(3C) (6pts) Determine i(t) and v(t) for t > ¢,. To avoid propagating possible prior errors,
assume that immediately before t,, i(t,—) = i, and v(t,—) = v.. Find i(t) and v(t)

for t > t..

v(tot) = v v(oc0) =V because L — short) (5)
w(t) = (v(to) — v(00))e™ =t/ () 4 u(o0) (6)
= (Vo — v)e” (T71)E) 4} (7)
i(toy) =1 i(c0) =V/R (8)
.. same expression (9)

. A NN
i(t) = (io — E)e (t=t)(L) L V/R (10)

=

i(t > to) = (i, — L)e (tte)

) 4+ % v(t > to) = (v, — V)ef(tfto)(%) v

3=
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Problem 4, 18 pts: Ohm Sweet Ohm

For each of the following circuits, determine the gain G = 2. Make the ideal op-amp
assumption, assume all the op-amps are stable, and ignore the output limitations of the
op-amps. All labeled voltages are measured relative to the same ground node.

Feel free to use the symbols 4+ and || to represent series and parallel combinations of
resistors, respectively, rather than solving completely.

(4A) (2pts) Circuit 1

Ry
Vi
RD »——o Ug
inverting amp
G=Y_ R
Vi Fo
(4B) (3pts) Circuit 2
Ry
Ry Rs
L dVAVAV S
Ry Vo
inverting amp R1 + Ry||R3

G = Yo _ _(Rit(RallRy))
;s Ry
K3

Page 10



(4C) (4pts) Circuit 3

AAAY
Ry
b
+
Ry
AN
o/
R, —
Ui AN~ = A Y
R . 0 Vg Ro
0
+
v
G=2_m
V; Fo

(4D) (4pts) Circuit 4:

il
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Persistence

In the previous sections of this problem, we calculated the gain relative to the potential at
the input, v;. However, typically we are more interested in the gain relative to the source
voltage of a network with a finite output resistance, as shown below:

RTH

i O

v

where Vry represents some earlier voltage (e.g. from a sensor, or a signal source) and Rry
represents the output resistance of that earlier element.

Now imagine connecting this divider to each of the circuits from the previous sections
(as enumerated circuits 1-4) so that the node labeled v; in this diagram is connected to the
node labeled v; in the diagrams above one at a time.

(4E) (5pts) For which of these circuits, if any, will the new output voltage be something
other than G - Vpy? Circle the numbers for each of those circuits in the box below,
or enter None if none of the circuits have this property.

Circle all answers where v, # G - Vg or None. Earn one point for leaving blank.

Circuit(s) with v, # G - Vpy: o1 02 03 4 none
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Problem 5, 18 pts: A Dastardly Plot

Consider the circuit shown below. The switch is at position “a” for a long time before it
switches to position “b” at t = 0.

A A A a b
R=100Q \ " =0
_l_
* L
v C_D ve ——C
— ir
(5A) (6pts) Write a symbolic expression for v.(t) for ¢ > 0.
ve(0-) =V = vo(04) =0 (11)
ic(0-)=0 =1.(04) =0 (12)
(13)
V = Alcoswat + ¢) wo = \/% (14)
= Acosp =0 (15)
i = —ic = —CCZ—f = —CAwo(—sin(wst + ©)) (16)
= Caw,siny =0 = p= (17)
= A=V (18)

ve(t) = V coswot
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ve(t) (in volts) and i.(t) (in amps) are given by the plots shown below for ¢ > 0. The plot
does not indicate which is which.

VorA

(5B) (2pts) Identify which curve corresponds to v.(t) and which one corresponds to i (t).
Circle the correct variable for each curve in the box below. The circuit from part
(A) is repeated for your convenient reference. To discourage guessing, you will
receive 1 pt of partial credit for each answer left blank.

L
L
Vo ~ COSWot
i, ~ Sinwet
Circle the correct variable for each graph indicated.
Solid: 9 Ove Dashed: Oiy, Ve
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(5C) (2pts) Using the plot (repeated along with the circuit below for your convenience),
determine V', the strength of the voltage source in volts?

VorA

v = Acoswyt, where A=V

=V =1V
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(5D) (4pts) Again using the plot, again repeated along with the circuit below for your
convenience, write a numerical expression for the values of L and C'. Note: you need
not calculate the final value.

VorA

v

Wo = —A=

VIC
T =100us = 10~4s
= f=10"Hz

= wo = 2 - 10*rad

Zc |Umaz‘

T limael

—9 =

Qle

L=7Zc/w,=2/2m-10" =1 .107"H

C=1

1 1
woZco ~ 4w-10%

F

L=21.10""H C=4+-10"F
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(5E) (4pts) Write a numerical expression for the total energy (with units) stored in the
inductor and capacitor after 225 s have elapsed? Note: you do not need to evaluate
the final expression. Again, the graph and circuit are repeated for your convenience.

VorA

Let’s just use the initial energy, when all energy is in the capacitor and v, = 1V.

E =12

N

Total Energy = (L -107%)J

4w
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Problem 6, 12 pts: Switching It Up

Consider this circuit:

XK
t=0
R Vo
R L
AN N -
tZOK —__C I U R

Initially, the switches are closed (i.e. form a connection) for a very long time the system
is in the steady state. Then at t = 0 both of the switches open (i.e. the connections break).

(6A) (4pts) Solve for v at ¢t = 0_, the moment before the switches open.

C — open
L — short
RV,
R
+ +
Vo Ig v R

Use superposition: V5 has no influence on v due to short across it, so I is only effect and v = I;/2R.
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(6B) (4pts) Determine the branch voltage v at the instant ¢ = 0, immediately after the
switches open. The circuit is repeated below for your convenience.

X
t=0
R Vo
R L
—  AAN——— N -
t=0)c —C I v >R
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(6C) (4pts) Now assuming the switches remain open for all ¢ > 0, determine v as ¢
approaches co. Again, the circuit is repeated below for your convenience.

X
t=0
R Vo
R L
— AAN——— N -
t=0)c —_—C Ig v >R

v(t =00) = I,R

Page 20



Problem 7, 8 pts: Summer Vacation

Consider the circuit shown below. You may make the ideal op-amp assumption, assume
stability, and ignore output limitations of the op-amp.

2R 5,
R +
V3
2R
R
Vi
2R
2R

. "\ AYs
Vie . 2R G Ve 2 V-
m;;“ / ——af?fﬁl_ E3a4'§’&ﬂ

(7TA) (8pts) Provide an expression for v,.
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Worksheet (intentionally blank)
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