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Ex1 a) Find the expression for v,(t) if the switch is closed at time t = C
- R:=600Q
and v(0) = C. N 1 izo
= e’ Vip 79V —_ N
ve(t) = VC(°°)+<VC(0)*V(;(°°)> e - C:=0.LpyF—
redraw to TERC o T=60s
find v () Omb
— ot
— %V vel®) = 9V (1) = 9V (V- 9v)e O
|
10 T
V) e R e e
b) What is the voltage across the capacitor, C, att=0.1ns ? W) —7.3V —
~100ps |
Ve(25ps) = 9V - 9V.e O =73 o : 1
I
| time (ms)
i | |
¢) When will the current through the resistor be i g '=5-mA? °% 0. 0.2 0.3 0.4
. B . _ 9V ... .
i g(®)= 0-mA i r(0) = ? =15'mA found from drawing capacitor
redraw at 9.v voltage can't
! t=Ctto change instantly
. . . . T . . —_
i (1) = i R()+ <| R(0) i R(oo))-e find ig(0) — 9-V — o
t
= 0-mA+ (15mA- 0-mA)-e '
_t 15
= 15mA-e %" = 5.mA atsome time, t i p(1)
10~ —
Solvefor t = -tin[2MA ) =65 925 (MA)
15mA shbe - - i
d) When will the current through the resistor be i g :=20mA? .:66 | . t|Tne (ms)
) 0.1 0.2 0.3 0.4

Since the initial condition is about 15mA and
the final condition is OmA, iz will never be 20mA.

Ex2 A 1000uF capacitor has an initial charge of 1z volts. A 20-Q resistor is connected across the capacitor at

time t = C. Find the energy dissipated by the resistor in the first 5 time constants.

After 5 time constants nearly all of the energy initially stored in the capacitor will be dissipated by the

resistor. C = 1000pF

‘, 1 2 B ’
\ c~ 12v WC ‘—E-C-V C WC =0.072joule

You can get to this answer just by knowing a little about the exponential curve, but what if you want a more
accurate answer? Then you'll have to find the remaining voltage across the capacitor at t = 5t and subtract

the energy left in the capacitor at that time. t
ve(0)= 12V v(w)= 0V v(t) = vC(oo)+<vC(0)va(oo )-eT

att=5t  v(51)=12V-e°=8l'mV %
Not surprisingly, this makes no significant difference:
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= 0V+(12V-0V)e = 12Ve '

t t

C-(81mV)?=3.28%10 ° -joule

WR= We- 1. c(81mv)?=0.072joule
2



Ex3 The capacitor is initially uncharged. The switch is in the upper =0 R5:=220Q
position from 0 to 2ms and is switched down at time t = 2m:z, R. -2.kO o
1~ =
a) What is the capacitor voltage, V(1) t=2ms
Firstinterval v(0)= 0-V V=24V C-04pF|
— — Vprlov
40
Ro R3:=480Q
R1
- — V(w) = 24V
Rth "Rt R2tR3
T T=R ThC
R3 _
1=1.08ms
1 ot
1.08
ve(h) = vel) + (Ve(0) - ve(w) e T = 24V (0V - 24V)-e T _oms
at2me 24V - 24V.e M8™ =20 23y

Second interval, define a new time, t' =t - 2m:¢.

t=2ms: N2 R2

t=0
v(0)= 2023V _
L eV L VC(:'ozo: 10V RTh

— T T'IZ<R2+R3>'C

R3 R3 T =0.28'ms
Y VA Ve

_t ot _t—2ms
Ve(t) = V(@) + (Ve(0) - V(@) e T = 10V 1 (20.23V - 10V)-e °?®™ = 10V 1 10.23V.e %%®MS
30
0<t<2ms oms Ve
\ C(t): 24V - 24V -e 1.08ms 29p—"—"—"—"—"—"—"—"—"—"— — — — — ] T-_- Ity
20.23V
t>2ms t—2:ms 18| .
V ()= 10V + 10.23V-e %™
] R R e LoV
2.46ms o
b) When is voltage across the 6 —
capacitor 12V AND getting smaller?
. | | | time (ms)
- 212 0% 1 2 3 4
12V = 10V + 10.233V.e 228™s t=0 t =1ms t = 2ms
VA ot \ t \
12V-I0V, s [ 12V =10V _ | 12 t1p= 028msin| 2Y 10V _g 45ms
10.23v ~ © 10.23V 0.28ms 10.23V

2:ms+ 0.46ms=2.46ms
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Ex4 a) Find the complete expression for i (t).

L:=3mH

R1:20Q W
Before the switch closes, t = 0 ( t=0 =
e I ne
Vi =15V _— R, :=60Q R, :=15Q
iL(0)=0 in’ — 2 3
Final time, t =
—_— 1
R R E
1 23 1 1
1 —t—
— R R3 R2 Rg
R 23: 12-Q
‘ 1
Rh = +R3
1 1 R,3
R, R _ Vpa(®) = Vi =5.625V
1 2 R =30°Q R3 Ri+R o3 in
] VRa(®)
R4 i L(°°) - R3 _ 5.625V —375mA
L Rg 150
T =——
Ry R 3< Rt
T=100-us
t -t _t
i () = i ()4 (i(0)—i (0))e’ = 375mA+ (0-mA- 375mA)-e’®" = 375mA_ 375mA.e!00s
L) = i (@) + ([ [(0)-i(=)e" = + (0-mA- )-e = - e
b) When is the voltage across R, = 10V?
Before the switch closes, t = 0 From drawing above at t =
JW% ST — R23
I VR2(00) = VRE(OO) = — — \V in =5.625V
i(0)=0 Ri+Ra3
T Vin _ %
=187.5mA VRZ(t) = VR2(00)+ <VR2(0)7 VRZ °°)>e
R,+R
1 2 .
R _ B . 100ps
VRy(0) = 2 21125V = 5.625V + (11.25V - 5.625V)-e
R1+Ry = 10V atsome time, solving for that time...
t= tin 10V - 5.625V = 25pis
11.25V - 5.625V
Alternatively, when vp,(t) = 10V, then vgq(t) =5V and i (t)= SV 10V 83.333mA
1 2
t= i 83.333mA - 375mA| _ 255
-375mA

c) What is the v, (t) expression?
t

VL) = V(o) + (V(0) - v (@)]-e "

ot
= 0V 1 (11.25V - 0-V)-e 1001
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Ex5 The switch has been closed for a long
time and is opened (as shown) at time t = C.

a) Find the complete expression for i (t). ;‘& R5 - 1200
CD §R1200§2 t=0
| o= 180mA
S .
R260§2§ L =20mH
Before the switch opens, t = O-
R 3=120°Q
i3
§R1:200°Q 1
R3
R, =60'Q i1(0) = la =50°mA
2 J‘?L( )= ls
Ry R, Rj
Final time, t = N
R 3=120°Q
il 1
R 1 =200°Q
R3
in L () = g ~li2smA
R, Ra
1 Rs
g
R3
Ri
Ro _ 0. _ L —62 5
RTh‘7R1+R3 RTh—3ZOQ T‘iRi T—62.5HS
| | Th
t -t -t
i (1) = ip(0)+(i;(0)—i(x))-e’ = 112.5mA+ (50mA- 112.5mA)-e®*>* = 112.5mA- 62.5mA-e®>°
L =1 +<|_() |_()> = . +( . ) = _ _
141
b) Find i, attimet=1.t. i (141) = 112.5mA-62.5mAe ' = 1125mA- 625mAe **=97.088mA

c) Attime t = 1.4t the switch is closed again. Find the complete expression for i ('), where t' starts at t = 1.4t.
Be sure to clearly show the time constant.

R3
5 i R 1
2 Rth=— 7 *Rs3 R =166.2Q
‘ | R, R L
R1 R2 T 1=120.4us
RTh

i.(0) = 97.2mA from part b)
i () = 50mA initial value from part a)

t -t -t
() = i(@)+ (1 (0)-i(=))e" = 50mA+(97.2mA- 50mA)-e™2%* = 50mA + 47.1mA-eM204S
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