ECE 2240 HOMEWORK #9 prob 1 solution U
N. Cotter F13 ‘

Ex:

@ ..

R;=15MQ Ry=1MQ C=33nF v=23V

After being open for a long time, the switch closes at # = 0. The initial voltage on the
capacitor is ve(f = 0M) = 1.5 V. Hint: think Thevenin equivalent for the circuit the

capacitor is connected to.
a) Find an expression for ve(f) for 1= 0.
b) Find the energy stored in the capacitor as ¢ approaches infinity.

Sol.'n:o\) We use <the 3ene,rql. form of solution:

~ e/ Ry
Vu (£Z0) = vy (-t->eo) +[1J‘¢ (o) —Ve (‘t"""'ﬂ £

Now we Find +he key guantities, g (o*),
Ry (for 700, and W (£->00).

To Find 4, (%), we observe that Ucfo‘*)z-.'lrd (07)
since Vu s an energy vartahle “hat <annot
change instantly, This is helpful because,at
+ =07, -the circuitt has been sitting for a Long
+time and has setkled -o constant U's and vk
This W turn umplies Ay (L)/dt =0. This in
turn ?.W\F(.f,es lak) =0, This n +turn lmt)[tes
that +the C acts (ike an open circait.

Here, the switeh ¢s open and ~the C acts (ike
an epen.  Using a v-loop, we Find that there



(s no current in the Ris and no 'v‘-dro/b adross
the R's, meanin the Vs (s a{rofa/:ea( adross
the =switch an C. There (s no way to deter-
mine how much of vy (s o{mp,oed across ‘the
switeh and how mach (s dra/:/oed across C. So
we heed more nformation.

Fortunately, +the proklem states that the Vo['l:age.
acroses ¢ is [.5V at t=0"%

Next, we remove the <€ from +the circuit and
£ind the Thevenin eguivalent of the remaining
divcuct, (The terminal3 a,b for the Tpevenin
e,suiva(.enf are where he ¢ is connected.)

Our- dircait For the Thevenin eﬁuimien'é Jfor- £ 70-

Ry a b
+ v,
vy R

Since no durrert Flows) v (= Va,, above circutt)
will be g, Rqy (s the R seen Llooking (nto
a,b with vy set to zero, which s Ry =R +R;.

R.n‘-_' RI+ Rz a

Y,
= 'U'S

Our *ime constant is =Ry C = (R\-\-R-JC

v=(Ls Ma+ IMa)3.3nF=8,25ms



For t=w, our c¢ircuit model is the abeye

Thevenin eguivalent with C attached to a,b.
The C‘a, however, acts Like an e en, so Vg =Ugy,.

’U'd,('k-’w) = ‘U-Th = ‘U-ﬁ = 2Z,3Y

We plug values into the qeneral soln:
-+t/8.25ms
v (t20) = 2,3V + (ILsv-2.3v]e

or —%/%.25 ms

v, (£20) = 2.3V - 0.8V e

<
t = \ cCva.
b) <tored energy s We = Ve

2
W (e>e) = L (3.3nF) (2.3V)
or
We (b =2e0) & 8,73 AT




