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Problem 1) The Laws: KCL, KVL, Ohm's Law (25 pts)

25 pts Using KCL and KVL and Ohm’s law only, write every step to find the voltages across each

resistor. The answer to the final answer to this problem is not necessary and not graded. You

have three components R3, V1, and 11. There are three spots for these components to go. Place
them in one of the three spots in any orientation you'd like. You must use all three components in
the circuit. There are two spaces for you to fill in to give the values for these components. You
MUST choose an integer 1-9, for every space you see. For example, for R3 if | choose 1 for the first
space and 2 for the second space, the value of R2 is 1.2K ohms. Note: I1 isin mA...
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1.1: (1 pt) Step 1: Redraw your circuit below. Include your reference marks across each resistor for your passive
sign convention "scaffolding” . Ground must be where it is originally placed. You can turn your components and
give them any polairty you'd like. (Note: Reference marks are absolutely necessary to draw on your circuit. Without
them, your 1.2 step will be marked incorrect with no partial credit!)

My circuit
Vi 12
R1 -
€ e
6k
+ 2.8V 2.7mA i
R3
+
3k 1 o R2
i C‘D % 5k
3.9mA

R3 should be 3.1k....



1.2: (10 pts) Step 2: Write the linear independent equations necessary to solve your problem.

My solution Other solutions.

Vi yn4 + ha _ Vn2 12 vn3 » Ii »4: R1 e 'i an‘ I‘l
e O s.0mA ok . 27ma L
27mA |, vil + Re . <

i z.s\) T 5 :i -
. f |
3 3 3 3
Rl =6-10 R2 =5-10 R3 =3.1x10 R4 =1x10 Vl =28
I = 391077 I = 2710 °
KVL at the left: KCL at node Vn2:

V2=V +Vp1+Vp=0 -
R3 1" YRI™ YR4 -IR1+IRg -1 =0

VR1 = VR3t VR4 = V)

(3) -
“IR1+IRga =1y
(1) RIR17IR3R3 +IRgRy =V
KCL at Vn1 KCL at node Vn3:
Ip3+I—IRg—Igp =0 _
12 + IR2 =0
(2 -
L TRt TRl
@) gy = -1

***Vn4 was a backup to Vn3 if Vn3 didn't create a matrix that converges. I didn'ttry to usefit...

+ 2.7mA



Other solution 1:

KCL Vn1
AL v+ R - e . vn3 Il + IRI + IR3 =0
O Tl S P . WAL
3.5mA o’ . |
. ' . (D) ! Vpi + ! Vpa = -1
+ B 5 YRITSL VYR3 T 71
vf/:\> < ;": + R, R;
N/ < '<:> R2
2.8v 3. <5k
KCL Vn2
N IR FIrg =1 =0
-1 1 _
@ T VRItVR4=Dh
KCL Vn3 1 4
_ KCL bop
Iz + IR2 =0
I _ (4) VR~ VR3+VR4 =0
() VrR2= 71
2
Other solution 2:
KCL Vn1
e + R1 Vn2 /»I'z\ — -
' Re * (1) Ly I
';“:igik . ‘R2 R3 R3 1
KCL Vn2
.tran 3ms
_IRl + IR4 — I2 =0
KVL loop -1 1
2) —Vp;+—Vpy =1
(2) R, 'RITR, VR4Th
Vl +VR1 +VR4 =0
KCL Vn3
3) _
VR1+ VR4 = -V
Iz + IR2 =0

1
—.V = ]
R2 2
Ry



1.3: (5 pts) Step 3: Write your matrices with component values. Also include the matrix equation to find the resitance
across every resistor. You do not have to provide your final answer values. If you do, they are not graded.

My solution matrix:

Rl 0 —R3 R4
0o -1 -1 -1
Ml =
-1 0 0 1
0 1 0 0
-3
1.207 x 10
] 27x107°
M -Cq =
1 1 _3
2.693 x 10
3.907x 107>
Other solution 1 matrix:
1 1
— 0 — 0
R4 R3
-1 1
xR,
Mjotherl = 1 4
1 0o -1 1
1
O — O 0
Ry
—8.786
M _1C -13.5
lotherl lotherl — _755
1.236

Vi

Cy:= L
Ipy = 1.18x 1077 Vi1 = Ry-Igq = 7.08
Ipy = —2.7x 107> VRy = Rylgy = ~13.5
Ip3 = 272x 107 Vi3 = Rylpj = 8432
Tng = 3.88x 1077 Viy = Ry Ty = 3.8

Students should have some simple equation to calculate
the voltages across every resistor. It is also fine if they
calculated current and then used ohm’s law at the end.

The final answer here is not graded and doesn't need to
be marked.

Ciotherl =

VRiotherl = —8.786
VR2other1 = ~13.5

VR3otherl = ~7-33
VR4other1 = 1.236



Other solution 2 matrix:

1
0 0 — 0 .
Ry 1
|
-1 1 2
IR R lother2 -
Mjother2 = 1 4 Vi
I 0 0 1 -1,
1
0O — 0 0
Ry
VRlotherZ = 0.086
0.086 NRRotherdy'= ~13-3
-13.5 .
i v = 12.09
Miother2  Clother2 = wiRdotherl
12.09 14
NRd4otherlv= -7

2.714

1.4: Simulation and Conceptual Questions

(2 pts) The term "scaffolding" was used in regard to reference marks on your circuitin Step 1.1: What does this refer to
when it comes to solving a circuit using the passive sign convention?

It means that the reference marks are there to give a preliminary current or voltage reference to provide a
structure for consistent mathematical analysis without need of intuition regarding which way current is
flowing for example. These marks are not permanent. The actual direction is determined by polarity.

(2 pts) When you need to CONNECT COMPONENTS WITH A WIRE in LTSpice, what does the symbol look like?

: . Please make a note if you use another SPICE
Circle the symbol (you can also redraw it) . :
program like PSpice.

2B LD+ 3D A oF

This one



(2 pts) When you BEGIN to simulate your circuit, what symbol do you press to start to edit your simulation
command. (After you set up your simulation, you also push this icon to start your simulation.)

Draw or describe this symbol (from your memory, it is not in the question above).

Running man

(2 pts) How do you rotate a componentin LTSpice? If you use PSpice make a note and answer this question.

Ctrl-R

(2 pts) Whatis the purpose of ground in a circuit?

Ground is a common reference point for your entire circuit. Key word is reference or any synonym to this.

Problem 2) Nose/Mesh Analysis (30 points)



= I R1 | ¥ I
A ,/_H\\ | Il I
. f A » - | R3 1 V1 tr Il
e ok St : I ¥
. 2.7mA ! | N
e IS E
| ? l I R2 | -k .-V | . mA
l— | R4 e e e e e

2.1: 5 pts Rearrange your circuit to create a SUPERNODE problem. You may accomplish this by moving ground and/or
moving your components. Describe why your rearrangement resulted in a supernode. (If your circuit already had a
supernode in Problem 1, find a way to create a different SUPERNODE circuit.)

New Circuit Diagram:

Explanantion of change and why it has a
A supernode:

<z
<z
(e

I already had a supernode in Problem 1.
The only thing I can do is change ground
_) and then move my voltage source again.

o Ty me s

:

Vi




2.2: (5 pts) Rearrange your circuit to create a SUPERMESH problem. You may accomplish this by moving your
components. Describe why you rearrangement resulted in a SUPERMESH. (Your circuit may have already had a
supermesh in Problem 1 or the supernode problem above. You can use this circuit configuration again.)

New Circuit Diagram: Explanantion of change (or lack of
change) and why it has a supermesh:
A I moved I1 to be between too mesh loops
R3 R1 =
AA—T—AN, ()
3k 6k 5 T
Vi
&) = o
2.8V 4 ! § %
1k
3.9mA

2.3: (15 pts) Using NODAL analysis foryour SUPERNODE circuit in 2.1: OR MESH analysis for your SUPERMESH
circuitin 2.2;, find the voltage across R2 (VR2). Write all relevant equations and matrix (if used) and label your diagram

above with nodes or mesh loops for reference. The final answer value is not graded. FOR THIS PROBLEM

YOU MUST PICK DIFFERENT COMPONENT VALUES THAN WHAT YOU
CHOSE IN PROBLEM 1!

For Nodal Analysis

1. Nodes labeled

vnl 3 ) a1 /_/ll 2 vn3 2. Ground placed at top between R1 and 12

3. KCL Equation (student dont need o write this

@ . one)

2.7mA 5-1-1=3
- R2 4. Supernode definition equation
5k =
1k (D) —an + Vn4 = V1p2
! 5. KCL equations...(going out)
Vn4
KCL supernode
Va1~ Vn2 Vg~ 0 Vg~ Vn3
+ Ilp2 + + =0
R3p2 Ry Ry
! A% : A% : V. a2+ : + : V.,=-1
. 'nlT 5 "Yn2T 5 " 'n3 o T n_ | 'ndT Tp2
2  R3p R3p2 Ry Ry Ry P



KCL at node Vn2 KCL at node Vn3
V.o,-V V.,-0
n2 nl_IlJr n2 =0 : +Vn3_vn4_0
® SLERVA Vo,=1 Ly Lv =1
5 'nl 5 |''n2 T tp2 5 'nd3 T 5, YndT 2
R3p2 3p2 Ry P Ry Ry
R, =6x10° Rs=5x10 Ran = 67100 R, =1x10° V=92
1= X 2= X 3D2.—.' 4= X lpz—
_ -3 ~ -3
) . Vip2
-1 0 0 ] |
ity
1 1 1 (1 1 c.—| P
RN 2 .
R3p2 R3p2 Ry (R4 Ry Ip2
|
= -1 1 ] 2
My=1 =L (L , 1} 0
R3pp (R3pp Ry
] ]
0 0 — —
) R,
~11.765 Vnl = -11.75
—0.81 _
My I c, - Vo = 081
~16.065 V3 = ~16.065
~2.565 _
Vg = —2.565

VRQ = Vl’l3 _Vl’l4 =-135 V

Need this relationship between labeled nodes.
My reference marks are plus on top and
minus on bottom. If they get opposite polarity
than expected, they should have opposite
reference marks.

10



For Mesh Analysis

#
12
R3 R1
ANy
6.7k ok 2.7mA
Vi
I1
CD R4 R2
9.2V | ; Sk
i1 i2 1k .
1.5mA i3
0
Wasted time here...recognition of what i3
is solves this problem but still ok to go
through this!
1. Loops labeled
2. Equation to check how many KVLs needed ALS O S h O rt C u t

3-2=1 KVL
\ = —I,-R, = -13.5
1 supermesh definition R2mesh D)

2 total equations...its another win for TEAM Mesh but who's keeping count ;-)
3. supermesh definition
=i = Iy
supermesh KVL

constrained loop

i3 = -1, substituted above
-1 1 l1p2
Mj = €= ~(Vipa + R
R3py (Ry+Ry) 1p2 * 'Ry
-3
~1.635% 10 — _
My 1-c3 _ 4 VRamesh= —1'Ry = —13.5

-135x 10
11



Problem 3) Thevenin/Norton Dependent Circuits (30 pts)

For this problem you my rerrange you component parts using the dependent source with a given value below. The
components can be put in any orientation you'd like. You may use other values that are consistent with other
parts of the exam or choose completely new ones. You final answer values ARE graded in this problem.

<—|X | Dependent |
R1 o L I source | TTTTTTTTTT !
r—-———n !
[ A m i R3 il Vi i 11 i
e 1\““/{ : X w I
6k 2v ! ¥ N i
Y : H || !
I — — —
| ? L I =*'*k0 H 3% i A |
i i =t Load | R2 | I x . mal
e |5 l R4 ] nooT by m !
i_ * | 1« I 5k
| _L_u

Changed the current source to a voltage source V2 because team mesh
would be super easy...again

3.1: 10 pts R4 is the load. Find V, using the Open Circuit method.

V2

R3 R1 /’\ )
L L3 Just need one supermesh KVL equation
vi 2 supermesh KVL defniton
%} 1 c 3l dependent source definition
e i2 5k Ix goes to the left over R1
1.5mA

-3
V2 =2 IIDZ =15x%x10

supermesh KVL _ 3

(D - - -
R3p211 + (Rl + Rz)lz + 3IX - V2



supermesh definition My :=| -1 1 0
=1 0 1 1
(2) B A 1Y)
Vs 4

-8.191x 10
dependent source defintion

Cyp =11 -1 _
4 Ip2 | My Cq=| 6809x10*

IX = —12 0 i
—-6.809 x 10
G s =0
V1h (V)
. -4
12p2 = 6.809x 10
3.2: 10 pts Find INorton uisng short circuit current (Isc).
R3 R1 L
—AA——AA—
6.7k 6k =
Vi
C) n c R2
o i; (ﬁl i2 i3 2%
1.5mA
i 0
Ip2
supermesh KVL -1 1 0 0 Ce = P
0 1 0 1
~7.085x 10" %
(1) R3p2'11+R1'12+3IX= 0 _4
-1 7.915 % 10
M Ce =
5 5 _4
supermesh definition 4x 10
. . —4
2) =1y ~7.915x 10

13



dependent source defintion in :=7.915x 10
© IX -T2 i3 =4 x 10_4
12 + IX =0
loop i3 D
i =iy — iz = 3.915x 10

Could also do this problem by switching the parallel components like...

R3 R1
6.7k 6k
Vz/ L‘\
VA o <::l <:: R
() e
\j/) i1 P = R2
3Ix (\"\ I /’;) i2 /1>5k
1.5mA \J_

supermesh KVL

4

R Ri{+R+ R4 3
supermesh definition 3p2 ™1 2 2
-1 1 0 0
—ij+ip =1 M- =
(2) 17727 p2 7 0 ® e o
2 2
0 1 0 1
loop i3 R2-i3 - i2'R2 +Vy=0
_7.085x 10" %
(3) —R2‘12 + R213 = _V2 9
dependent source defintion _1 7.915% 10
M7 -C7 =
3.915%x 10" 4
4) I, =i
v ~7915x 10 %
12 + IX =0

Bwitched = 3-915x 10” d




3.3. 8 pts Find Rth using the Test Method.

_ Vest = 1
? ar VTest
() Things in
- parallel you
v can switch
around so, |
did.
dependent source definition R3p2 + Rl + R2 —R2 3
IX = —11 M6 = 1 0 1
—R2 R2 0
s =0
0 _7876x 107>
mesh i2 1
Ce=| O Mg Cg=|-2788x10 "
Ry —11'RH +V =0 -V B
272 T2 Test Test 7876 % 10 5
—i1'Rr +irRn = -V i = —(—2 788 x 10_4)
(4) 2T 12R2 Test ITest -~ '
AV
Test
Ry = —— = 3.587x 10° Rrh (Q)
1
Test
3.4: 2pts Verify your answers from 3.1-3:3. (Verify they are correct).
Vv
TH
= 3587x10° VTH _
Ige error somewhere..wil find IN TH

15



4) Cascading Multi-stage Op Amp Cir cuits and Design Concepts (20 pts)

4.1: (10 pts) You have 2 inputs, V1 and V2. Design and draw a cascade of op amps that resultin
the equation -0.5V1 +5 V2 when V1 and V2 are both posttive values. You are limited to 3 op
amps. Make sure to add in your resistor values.

2k

—AA—

R1

U2

inverting summer but V2 must have a inverting amp before it. need correct ratio of resistors
1/2 in first op amp, 5 is second.

4.2: (4 pts) Name two voltage divider applications and briefly describe the circuit around it. It cannot be just to "divide
the voltage" or to reduce voltage from high voltage to a lower voltage. These answers result in zero points.

examples: bridge circuit, resistive sensor, double voltage divider
filter, needs AC input, capacitor or inductor

4.3: (2 pts) What is the difference between closed loop gain and open loop gain? Describe how they functions to define op
amp characteristics?

Open loop gain is infinity and intrinsic to op amp characteristics..used as ideal characteristic

Closed loop gain is finite and is derived from op amp configuration including the feed back loop, used to
help define how the op amp configuration changes an input

16



4 4: Determine whether the statements about comparators are true or false. You need to write a brief explanation for full
credit.

Comparators are decision circuits that provide a binary output

T

Explanation: Key words or phrases "saturation, set voltages, depending on
input”

F Comparators use a feedback loop.
Explanation: Key words of phrases, "linear region or saturation region”

E Comparators operate in the linear region
Explanation: Key words of phrases "saturation region or high gain”

F Comparators must always output both polarities of a given DC value. (i.e. +5 and -5V)

Explanation: Key words or phrases "power source voltage"

17



