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1: A voltage source with voltage V is connected to N identical resistors with resistance R.

(a) All of the resistors are connected in parallel, as in Figure 1a. What is the equivalent
resistance R.? What is the total power consumed in the resistors?

N identical resistors Fig. la

Solution:
The resistors are in parallel so:

1 N
R, &

e n

N
R

Answer: Rgq= R/N
Power = NV?/R
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(b) All the resistors are all connected in series, as in Figure 1b. What is the equivalent
resistance Rq? What is the total power consumed in the resistors?

R R R
MM -

N identical resistors

Solution:
The resistors are in series so:

R, = NR

eq

Thus, the total power dissipated is:

Answer: Rgq= NR
Power = V4/NR
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2. Equivalent circuit
a) What is equivalent resistance R for points A-B?
b) What is the open circuit voltage across points A-B?

¢) What is the short circuit current through points A-B?

—_~ o~ o~ o~

d) Draw both Thevenin equivalent circuits.

10Q 5Q 50

W A M2 s
IOV® o=\ 7 =sa

/OQ 100
Iy .B

5Q

(a) To get the equivalent resistance, we short voltage source:

10 Q 5Q
M
109% @ % % 50
O Q 10Q
AN .B
50
Two 10 Q in parallel is equivalent to one resistor of 5 Q. So the equivalent circuit is:
SQ
W T—A
>0 (ﬁ 7 = 50
J\/\/\ B
5Q
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Two 5 Q in series and then in parallel with 10 Q. R=(5 + 5) || 10 = 5 Q. So the equivalent circuit is:

5Q

— T A
N
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Again two 5 Q in series then in parallel with one 10 Q resistor. R=(5 + 5) || 10 = 5Q. So the equivalent
circuit is:

i\fN\“_*A

7 =50

5 Q

LB

Finally, two 5Q in series then in parallel with another 5Q.
Req =(5+95)|5=10/3Q

(b) Open circuit

We set nodes C, D, E as shown below besides nodes A and B.

10Q 5Q 5Q
MR A
10v<::> 100= E%; 105?% = 50
" .
50 Figure 1
Now we try to find the equivalent resistance to the right of D and E.
Two 5Q in series then in parallel with one 10Q, R=(5 + 5) || 10 = 5Q. We get:

10 Q 5Q

AT
10V ‘

(D waz X,

| /OQ@Q\B

E

E
5Q Figure 2
To further simplify that, two 5Q in series then in parallel with 10Q, R=(5 + 5) || 10 = 5Q. We get:
10Q 50
A
10V© 10Q= A\
5Q
E Figure 3
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To further simplify, 5Q in series then in parallel, R=(5 + 5) || 10 = 5Q, we have:
10 Q

Wy

IOV© 5 Q§
\

E
Then V¢ = > xlO:mV
10+5 3
. 5 5
From Figure 3, we know Vo = ——xV . ==V
5+5 3
. 5 5
From Figure 2, we know Vg = ——xV ==V
5+5 6
. . 5 5
Finally from Figure 1, we know V. =V ,; = xVeg =—V
5+5 12
V
(C) |SC :i:ixi:_/\
R, 12 10 8
Req=10/3Q2 Voc=5/12V lsc=1/8A

Thevenin equivalent:
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3. Transient Analysis: 1% order circuit

(a) At t<0, the switch is open and V.= 0. At t=0, the switch is closed towards the right.
What is V¢(t)? (Hint: You can leave terms of the form e™ as they are)

(b) At t=100 ps, the switch is closed towards the left and shall stay closed towards the left.
What is V(t) when t>100 ps?

(c) Qualitatively draw V,(t) when t>0.

t=100ps. ~.
50 Ops
50 Q
1V
1 pF
Solution:

(a) Steady-state response: At DC steady-state, the capacitor behaves like an open circuit so we
can redraw the circuit like so:

1V

No current flows in this circuit, so there is no voltage drop across the resistor and KVL says that
the steady state voltage is 1 V.

Transient response: To see the natural response of the circuit, we turn off all power sources:
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C——V

KVL:
V. (t)-RI(t)=0
where

dt
dv.(t) 1
— V. (t)=0
dt | RC c®

This first-order linear differential equation gives solutions of the form
V. (t) = Ke™*

Substituting into the homogeneous equation, we have:

K  Kogvr (—1+Lj Ke¥* =0
T RC 7 RC

= 7 =RC =50ps
Total response: From the above, we have that the total response is in the form:
V. (t) =1+ Ke /%0
And since the voltage across a capacitor must be continuous, we have the initial condition:

V.(01)=1+K =0
=>K=-1
=SV () =1-e"" Vv

(b) The analysis here is much the same as part (a). Steady-state response: Vo =-1 V.
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R

_|_
A", e
Transient response:
R
R
_|_
C— V.
V. (t)=Ke™"

7 =(50Q+50Q)(1pF) =100ps
Total response:
Ve (t)=—1+Le V"
Note that this is equivalent to writing:
Ve (t) = =1+ Me(100/100ps

So now when we use part (a) to find initial conditions:
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V. (100 ps) =1—e 0P =1 g7
Vc (1 00+ ps) =—1+ Me—(lOOps—lOOps)/lOOps =1- e—Z

—=M=2-¢"

= VC (t) =—1+ (2 _ e*Z )e*(t*IOOps)/IOOpg vV

(c)

0<t<100 ps
Vc(t)= Vo) =1- Y

t>100 ps
Vc(t)= VC H=-1+2- g2 )e—<t—100ps)/1oops v

Draw V(t) vs t:

Problem 3: VC(t) vs. time

06

0.4+

-061

0.8 ‘ i

-50 0 50

100 150 200 250 300
Time (ps)
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4. Transient Analysis: 2" order circuit
At t=0, the switch is closed.

(a) What is the KVL equation of the circuit in
terms of V(t)?

(b) Calculate w, , a, and ¢ . Is the circuit

underdamped, critically damped or
overdamped?

(c) What is the solution of V(t) ?

(Hint: @, =+ o,” —a’ :?xlo” rad/s)

@V, +Vy+V, =5

2
di | odVe
dt dt?

d\ic’ VL:LdI

d?v, dv
3 +
dt dt
dv, Rdv, V 5
+ —_

r Sy ——4 =
dt?> L dt LC LC
d2V av

So —C 4100 —¢
dt dt

- LC

<4V, =5

+10%V, =5x10%

(b) o, = 1 =10" rad/s

1
= = 5 underdamped case

EECS Department

(c) Since it's underdamped, the solution has the following form:

V., =K,e*cosm,t+K,e *sinw,t+5

Initial condition: there is no charge on the capacitorV,_(0) = 0

SoV, =K, +5=0=K, =-5

Initial condition: there is no current in the circuit i(O) =C

_ +VR
\ 10092
vV —— 1 pF
C
V. < 10nH
Vy =Rxi= av
dv.| _,
dt

t=0
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So i(O):—05K1+a)nK2 =0= K, :a_Klz_i:_ﬂ

@, V3 3

V, = —5¢ 10" cos%x 10'°t ——5*3/5 e 0t sing

Y dv
KVL in terms of V(t): dt; +10" dt° +10%V_ =5x10%

. o = 108 — Damping case:
. = 1/2
0 10"°rad/s g underdamped

\/5 5\/§ —5x107t \/g

Ve(t): V, = =51 cos 2 x 1010t — ¢ sin X2 x 10"t + 5
2 3 2
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