ENGINEERING ANALYSIS 3
SYSTEM DYNAMICS
Section 20

Quiz 3, December 1 2023

Name: (1pt) . Please also put your name

on the back of the last page!

No electronic devices (phones, tablets, laptops, watches, etc.) are allowed during

quizzes. No notes or scratch paper.

Do not ask for clarification of the questions; if you think that there is an ambiguity,

clearly state your assumption and continue to answer the question.

There are 3 problems. Show all work, and CLEARLY MARK YOUR ANSWERS. Good

luck!

Problem Points

Total




1. (34 points) Consider the RLC circuit to the right, —» —
where the battery (BAT1) supplies a constant voltage °j1° ' |
(VB). Use the current directions indicated to help l

write the governing equations. Refer to the N R1

voltage/current through each element by using —

subscripts with element names (e.g., Vri and ir; refer —— BATI 3"4
to the voltage across and current through resistor R1, L2

respectively).

Answer the following questions.
1-1. List the state variable(s) — for capacitors, use voltage as the state variable.

1-2. Write constitutive laws for each element.

1-3. Write the appropriate Kirchhoff voltage law (KVL) equation(s) using the sign convention
indicated in the figure. Note: all voltages should appear in at least one equation.

1-4. Write the appropriate Kirchhoff current law (KCL) equation(s) using the sign convention
indicated in the figure. Note: all currents should appear in at least one equation.

[QUIZ CONTINUES ON NEXT PAGE]



2. (20 points) RLC circuit to the right, derive two couple first-order differential equations,
where state variables are the current of the inductor iz; and the voltage of the capacitor Ves.

Given the corresponding KCL, KVL, and CL equations as following:

KVL KCL CL T—M

Ve= VL1 + VrR2+ Vcs lca=iL1 +ir3 \RER T
VrR2=ir2R2 —\/V\NVV\—
Vi1 + VrR2 = VR3 iL1=ir2 Vr3 = irR3R3 %
Vca=Qca/ Cs B

i1
=

or Ve = VRr3+ Vca

[QUIZ CONTINUES ON NEXT PAGE]



3. (28 points) Consider the RLC circuit to the right, where
the battery (BATO) supplies a constant voltage (V). |
3-1. Annotate the circuit, labeling currents and voltage |

(9]
—

polarities. List the currents be specified here. Refer
to the current through each element by using R3
subscripts with element names, e.g., iro. +l VVAV—
—— BATO
R2

3-2. Write down the complete set of node equations (KCL).

3-3. Write down the complete set of loop equations (KVL).

3-4. Map each of the component in the given RLC circuit to the equivalent components in

mechanical system.

[ QUIZ CONTINUES ON NEXT PAGE)]



3-5. Write down the complete set of Geometric Continuity (GC) equations for the equivalent

mechanical system.

3-6. Write down the complete set of Force Balance (FB) equations for the equivalent

mechanical system.

3-7. The electrical system to the right is analogous to which of the mechanical systems

below?
A B
/ 1 | 3 // 1 | 3
| FEX‘ % I Fexl
—>»
| { AWMAWW—
2 4 7 2 4
C D
1 3 1
/ J\NW\N\/\_: | / w_
F y Fo
I ext I
| > é | >
2 % o) 4
7

Your Answer:

[ END OF QUIZ 3]
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(2¢ PES)
. Consider the RLC circuit to the right, where the iy —
battery supplies a constant voltage (Vg). Use the ——o0— o— _ - H
current directions indicated to help write the T l L 2
governing equations. Before the switch is closed at %
t =0, there is no current through the inductor, and ~ +— Ly
the capacitor is uncharged. Refer to the — BATY _ l\ 3'—4

. L)
voltage/current through each element by using g -
subscripts with element names (e.g., Vr1 and ir1
refer to the voltage across and current through
resistor R1, respectively).

Answer the following questions. Show your work for finding the state equations below.

. . / A - ink DN é
1-1. List the state variable(s) — for capacitors, use voltage as the state variable. (O 7S (2 Vb o 7

\!/ ':') / (/ L, > K ) (4 Ll,’,-

b3 (‘/’(5 ( p 3 (’)"fs eac 3\)

N = 1 2 \ s
\Azl — LRy {\‘, « \/4_'__)) = (,’{

=2

. ) | "
Vi 3= bigiby> Ula=g gl

)

1-2. Write constitutive laws for each element.

-

1-3. Write the appropriate Kirchhoff voltage law (KVL) equation(s) using the sign convention
indicated in the figure. Note: all voltages should appear in at least one equation. /¢ pis (4 :W S Ed)

/

V;z, T Y. = Vt"', \/c; + \/r L'g

({'V‘ \/;21 t l//u ‘.\/{/}, : \//:;q' ()

1-4. Write the appropriate Kirchhoff current law (KCL) equation(s) using the sign convention
indicated in the figure. Note: all currents should appear in at least one equation. [2 Pf S (4 pts EA )

b pota = lg + (g,
ey = L LYy
Ly = Lz
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ne

.}0
2.  RLC circuit to the right, derive two couple first-order L, R,
differential equations, where state variables are the current — /T WY
of the inductor iz; and the voltage of the capacitor Vcy.
L i
The corresponding KCL, KVL, and CL equations as Vs T ’
following:
1l
G
KVL [ KCL CLs
D, g o
VB=Vi1 + Vr2+ Veca | lca= L1 +ir3 & Vit =1L L,Q
- = VRr2 = iRz R2 GB/
Vit + VR2 = VRrs (ZJ iL1 = ir2 Qb/ VRr3 = irs R3
‘ ‘ Vcs=Qcs/C
Va=Ves rVey U

., = L Vg - Voo - Voo ) = ’LL‘ (Va- LpaRy - Vig)

l
L Ly = L

. ‘ ! s h :
- E( Vl?> Z (Ll {\72 = \//C.L'{.-)

% / 1 C\\)(— (-\( X i \
Veg = ge{=2) = = = tuties 1o
‘F C¢ < ¢ - dy 2

. VeV
AU
K

iL/i - f’:, (Va - {Li/zz - \/44)

/! __L A \’/43 '“V(yt
\/L,Lr Ci-/» ( LLj * T—)
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28014 - o
b Cons(ider the RLC circuit to the right. gfl& _Z)‘}‘, M/ ' ‘ﬁ s
3-1. Annotate the circuit, labeling currents-and vo tage}_) m |
polarities. (] \¢4 Ho (oW react y - i(a
L R3 o
E VWA
V, @ = BATO0
L’ ——r—
c4
R2 1
W]
i = OF

3-2. Write down the complete set of node equations (KCL). C‘L p’r_g (.2 pts e )

Q) +\3 = (Q(_),

\
(Ry = Ly

3-3. Write down the complete set of loop equations (KVL). q ,.P_J(,S ( > Pts EA )
\/C' = \/42% y \/5‘3 = \/LJ + Vet \/;,g/_
- /.
or Vo= Voyt+ Vo, + 14y

3-4. Map each of the component in the given RLC circuit to the equivalent components in
mechanical system. 4 p 15/ (Tpts €A)
c § =2 SP’N'\V“(KJ 1 y (L{ > Sf’tiy b

R, = (;l&wgf«r 2

P\?; —> (’.j‘éilbLPé,f.', 3

3-5. Write down the complete set of Geometric Continuity (GC) equations for the equivalent

mechanical system. & ()(' § (38 {;'/A’) Y V.
St Vo3 = Vs¢
)
\/c/-l?-. = wa
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3-6. Write down the complete set of Force Balance (FB) equations for the equivalent

mechanical system. ([ of¢ 4 Pt CA)
Oyl ~ _

\“f.»i =1 :(:.\ ,

3-7. The electrical system to the right is analogous to which of the mechanical systems

below? {dl (7.{ $)
A B
// 1 | 3 // 1 3
Z I Fext % FEX[
i R e
7 2 4 7 2 4
C D
1 3 1
/ n g
/ l ext % l ext
/ > s | >
7 I Y _
/ 2 / 4
7 7 |
Z——\WWW—— ZAWMWW—
4
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