Assignment 6 Solutions

Question 1
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{&) Find the net chasge stored on the upper plawe of the capacitor st lime 1= 0",
{b) Find the exponeniisl lime consteed of the circait for lime 1> 0
‘@) Circuil is in DC steady-state operation at t=0";
= I.=0 = Iy, =0 (Swichopen!)
=\T+:\Fﬂ:\?u=\|’cw 5m=1111.'=ﬂ

= V.(0) =12V ; QU = CV.(07) = +6mC

b) Tp = RpC i Ry = Voe!llg (t=0 circuitl)

= Find V. and Iy (wrt C; switch closed)
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Find V.
KCL @ V_: (12 - Vo) /2000 = (Voo - Vo) /5000
= TVpe = 2Vy = 60 ;
KCL @ V,: (Vg - Voo /55000 = V. /2000
- 2V, = 57Voe
Therefore: Ve = -6/5V

Find I .:
e = Vo /55000 ; V, =-(12/2000) (5000) = -30V

Eiuﬂ_E'“-,_; R‘Th = 1"'Ilcg_;-lrl-g,;'_' = 220080

Find T.: T. = Ry, C = (2200)(0.0005) = 1.1s



Question 2
@) Volt)

-t
Vote) + [10)-Vyte)] e~ Rme ¢ 5o,
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=> B, REQUIRED...(SEEN AT TERMINALS oF 'c")
® DrRve £>0 CRoLIT WITH =1V SoURCE ;

= K= R = Vg = [4($+3)] = oy
>Vt =5e" Pt . teo ,

(b) Frge = (035L,)(~Vs) wnere L =-Vo (SHow!)

=> Bas = 0w L =075 o= 18357 50,

Question 3

Yes, the op-amp output current I, must vary with time.
The t =0 capacitor charging current varies with time,
however, the source current does not. Therefore, KCL
at the op-amp output requires I, must vary with time,

Velth = Velm) + [Vo(02) -Vol(=)]e™™ @ t>0
Ve(0£) = 0 Ve(=) = Vg = -(0.005)(1200) = -6V ;
Ry = Ve ! Loc = 30KQ 5 {Ve = V3 Lee = V, / 30kQ)
T. = Ry C = (30kG)(8000F) = 24ms ;

V() = -6+46 VMYV 0.

Poon = 0,005V, = (0.005)[(800)(0.005)] = 20mW : t> 0

Question 4

Switch closed:  T. = (20kEQ)B00uF) = 165 ;
STy - 10T = Imin 205 ~ 2Zmin 405,

Vel =6V = Vi) = (20kQ I SkE)(3mA) = 12V,
T BOOpE = WV (r-=) = (SkE)(3ImA) = 15V,
Switch open = T, = (20kL + Sk BOOpF) = 20s ;

— VS[” a— {:.l +£JE'I'I-J.D>'T-' - [5 _ 3_ E,'-'J-I.l'ﬁ'f-l’nl Vor o .

Velt-e) =0 = min Wi Set (3mAJR =6V = R=2k0

Velf~=) - = = max W, Sel (3mAJR - = R -+=



Question 5

t<0 (charging) Tg = Ry, C = (20kQ)(5uF) = 0.1

- Circuit in steady-state at t = 07, because switch

at position “a” for 2s=20T,

Ve(07) 2 (4mA)(20kQ) = 80V

4

=V (07) =

(>5-10T¢s)

gov

Ve (ts) =120V ; To(t>0) = (25kQ)(5HF) = 0.125 S

- Ve(t) = 120 - yog

V:t':.-o#

Qe(t) = CVe(t): (t1=0"= Vi, tooe = Vyuy)

Qun = CVyy = (SpF)(80V) = 400}46
Quax = C Ve = (BUF)(120V) = &Oﬂ‘ﬂ f."é,

uestion 6
Yy
(c) Suppose Qyux(d) = C(d) Vi!!ii (d) = COY_Q:
= Quax(@ = 3C,/2)(2V,/3) = Co\o
= Quax(d) = (5C,/4)(2V,/ 3) = gc.vo
?

N\ But, whatis Vyux(c) 7 (How can we calculate it?)

For “'series” interpretation, Q(3ey) = Q(2¢,) !

= C(3¢y) V(3gy) = C(2ey) V(2¢y) ;

— Ve = 15V03e) = Vi (©) =§-Vo?n
= Quax(©) E (6C,/5)0(5V,/6) = C.Y,

= Quax (@ = Quax(€) = Quax(d) > QMu(b)I

@ c@ = C,: cw = 3Co
Clb) = Cyi2 + (3C12)/2 = %c,
Cle) = [1/2Cy) + UECY" = -g-c.

-~ Cd) < Cle) < Cb) < Clan ,
(b) Smallest charging circuit T, — shortest charge time ;

p

T. = [Ry, (source)] C = smaLLesT C = C(d
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Question 7

Trigger OFF: Vy = Ve + Vg Trigger ON: Iy = I +3/9;

Ve(09) = Va0 +V,a(0% = 03V < 2V = Trigger OFF;
Trigger turns “"ON" when Ve + V=2V, i.e. when Vg =|_1._llf
Therefore, after closing the switch (trigger OFF) the capacitor
charges up until I drops tn‘ji_/?_ﬂr; then the trigger turns ON and
the capacitor discharges through the bulb (1€ resistor) until I
reduces to 0.4 —,E*EE, = &t ; then the trigger turns OFF and
the capacitor begins to recharge. Any light when trigger OFF?

Trigger OFF: max (Pp) = [Vauw (0 = 90mW = no light,
Trigger ON: max (Py,p) = [V, (ONY) = [VL(ONYP.
90 680uF e} 6B0pF
I —W (o L
3V % %m wé) T 102
T i)

KVL & voltage divider = [V (ON%)] = 3 - ('?H}M;) = .87\

= max (P,,,) = [Vc(ONY] = 35FW (= light outpun)

Light output continues until V,, drops to 0.4V (1, = 0.4AY;

¥ = Light output stops before trigger turns OFF,

{because 3V source contributes 1/3A to 1)

= Bulb flash energy = 0.5 C [(1.89)" - (0.4)}] = l.16mT
(energy discharged by capacitor during bulb flash) (?!)



Question 8

18v (£ R’- 4000

N8, Tg(0) = RC = 8pus
= v.g, (O') =0

Qmﬂx = Qfm) - C' V(w)
= 20%16°7(18) = 360nC ,

Q=039Qupy AT t~ 46T (0")
_t
(soLviING 0.0l = € /Te > 46T)

Tc(ot) = RC =Ims D t=H.bwms

Question 9
(k) Z=0* circoiT:
200 2007
(a) +=0- CIRcLIT: 48V Ll%&co_ 24y
L}
i ) M
H70 B+ N
:SmA%D 3;3% VL%S#: I
[ 200 I.J, 300 Tzoo D 120mA
_ 3000
- As fS' =
2000 + 5000 + 3000 < ° #sm A T, (0%) = —2NZO o004 10120)

oo + 2000200

Vi(0-) = stoo T = z2.5 Vy (0% = 36mA ,



@) t—=>co CrReT:
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L = iz = 4EmAy
(d) ¢t>o0 cirevrT:
200 200
25.F |- [300 20
2060 L’VZ}/ 320

20 IZomh => { %):q.qv

Hence, Tcoh) = K, C
= 320 (2sx107%)
= 8}41 S 4
Question 10

Will be posted on Monday

Question 11

Will be posted on Monday
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