Name: Suphasit "Art" Saisuphaluck

Problem Points Score
la 10
1b 10
1c 10
1d 10
2a 10
2b 10
2C 10
2d 10
3a 10
3b 10
Total 100

Notes:
1. The exam is closed books/closed notes - except for one page of notes.

2. Please show ALL work. Incorrect answers with no supporting
explanations or work will be given no partial credit.

3. Please indicate clearly your answer to the problem. If | can’t read it (and |
am the judge of legibility), it is wrong. If | can’t follow your solution (and |
get lost easily), it is wrong. All things being equal, neat and legible work
will get the higher grade:)



Problem No. 1: Block Diagrams
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(a) Write a differential equation describing this system.

y_1
o1t y(t)

Then y, can be written as, y, = bx+ cﬂ

It

Let x = x(t),y=y(t),and

y=ax+y,
Substituting y, into the above equation, you will get

y:ax+bx+cﬂ
it

Movey tooneside and x to theother, you get thisdifferenti a equation

fly

- C_
it

+y=(atb)x

(b) Find the transfer function.

From the D.E above, - c% +y = (a+b)x, doaLaplace Transform on both side and you will get

(- cs+1)Y(s) = (a+b)X(s)

Then the transfer function of thissystemis just output, Y (s), over input, X (s)
Y(s) _ (a+Db)

X(s) (-cs+1)

Or you can writeit as

Y(s) _a+b

X(s) 1-¢cs

H(s) =



(c) For what values of a, b, and c is the system stable (consider only non-zero values
of a, b, and c).

From the Transfer function above, thesystem is stable when the poleis on theleft (negative) hdf plane.

Therefore, c have to beless than zero, and not equal to%
Asfor aand b, they can beany number aslong as their sumis not equal to zero

\ {al A,bl A,buta+b? 0;c<0,butc? %}

(d) Find the impulse response.
Y(s) _a+b
X(s) 1-cs
With the Transfer function above, tofind theimpulse response, you need tofind h(t) by taking
theinverse Laplace Transform,

_atb_a+b, l/c_a+b, 1 _ a+b, 1

1-cs 1-cs 1c ¢ lc-s ¢ s-1c

Then theinverse laplace of thatis

H(s) =

1
h(t) =- %bectu(t)



Problem No. 2: Transfer Functions

(@) Find Hy(s):

Find H,(s), todo so, first you must find thel, (s), the current around theloop,
then you can find Y,(s) by multiply current totheresister, R.
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(b) Find Hx(s):

e, Find H,(s), todoso, first you must find the I, (s), the current around the loop,
L then you can find Y, (s) by multiply current totheresister, R.
Kgft}l R= | '1"2“} 1,(s) = X,(9)
| | 2R
| | Y,(s) =1 s*R:Xl_(S)*szl(S)
| : 5(S) = 1,(s) R .
e V() _X,(s), 1 _1
H, (s)=—2 =12 * - =
Ho(s) ,(9) o 3 X2

1
\ Hy(9)=7



(c) Find Hs(s):
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Ha(s)
The circuit can be smplified like this:
| o
() Findvol 2R 4 find I, by voltagedivi
5 %3‘ in votageacross?, irst youmust find 1 ,; by voltagedivis
55 SR :
1 3
1,r(8) = X3(8)* ————55 = X3(9)* =
273R i R+R+E i 8R
2 3
(£) V(9 =1,0(9)* R=X,(9)* -+ 2R = Xs(8)
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The voltage across? is thesame as the voltageacross 2R (seesmpifed picture 2 above)

The pictureon left is the step before smplifing thefar right half of thecircuit
Xt 2R

.a{f-

Knowing that the voltageacross 2R is equal tox3—(s), do the voltagedivision
Xs5(s) X5(s)
(t) v, (s)=23FxRg="s
R N 9= R 8
From here, wecan find the transfer function

H (S) —_ Y(S) - X3(S) * 1 :l
T X(s) 8 X(s) 8




(d) Is ?Jdustify your answer. Use as many concepts developed in this course as possible. A
yes/no answer with no explanation gets no credit.

The answer is no, because the loading effect the entire circuit, and also for this example H1*H2 is
not equal H3.



Problem No. 3: The “Interesting”
Problem

uq(t)

(a) Assume the voltage across the resistor in the circuit above is the output voltage,
y(t). Derive the state variables representation of this circuit.

The circuit can be smpified to this:

V. —"-:a ;“;‘ (noteSeriessmplification, L =2L,C = C/2)
Y 1<
b &
U ) ik 72 Qu®
B A

From thiscircuit, wecan writetheKVL, and KCL tobe

e =1 -1

VL= ul(t) - VR

Then, from knowing i, = C% andv, = L%, and thenotation of %x is x, the two equation abovecan be

expressed as
(1) %vc' =i, - g and (2) 2Lic =u,(t) - vy
From the KVL on the capacitor side, v =V, +U,(t)
which means, i =V +u2_(t)
R R
Substitute thev, and i to theequation (1) and (2), and solvefor v, andi. , you get
) V.C :ﬁ_ ﬁ_ 2U2(t) and (4) IC - Ul(t) - Ve - uz(t)
C CR CR 2L

Find y(t), or vg, fist must find i, from equation (1) %vc =i, - g

iy =i, - %vc then substitute v, from equation (3) intoiit, you get

. _. Ca, 2; 2u,(t)o_-v. ul() L2 v u)o_
ip=i - —¢c—=—- —H&- T=—=C- , thenv, = R*¢=—=%- 2=22=-v_- u,(t) (5
RTLT26c R CRg R R TR R TR RO




Then, from equation (3), (4), and (5), the matrix can be formed as followed.

5 U_é- 20 - 20
gvca_ gC_R H [V ] §O CRH [Ul]
éu_e-1 él - 10
éLEI_ S_L O [' ] S_L ZLH [u21]

yt=[-1 0 [v]+[0 - 1u]
li,] [u,]

(b) Now that you have finished (a), tell me how many state variables you should have
used, and identify which voltages and/or currents they correspond to :)

| used 2 state variables for this problem

The current corresponds to the inductor (whereit’s 2L)
and the voltage corresponds to the capacitor (where it's C/2)



