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Exam #4 — Fhursday-Mareh-21

— Tuesday, March 26

CO';)CEOPI:SA fnhpapter #4 & #6: — Thursday, March 28
* Model
* Circuit Analysis *x*  “Bate”: bring your own set of

equations (no problems, photocopies,
solutions, etc)... subject to approval by
the professor

* |deal behavior
* Non-ideal behavior
2) Capacitor / Inductor
* Model / Behavior
 DC Analysis
* Series / Parallel Combination

Basic Concepts
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Last Lecture — Op-Amp Amplifiers

* Unity — Gain Amp. * Non-Inverting Amp.! °* Inverting Amp
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Last Lecture — Capacitor

. a circuit element that consists of two conducting
surfaces separated by dielectric material

Typical
Capacitors

° 4

(a)
Simplified Capacitor Symbol

t

1 [,
v(t) =v(ty) + o f i(x)dx

) EOA
Capacitance (C) - (¢ = T4 T~ permittivity of

dv(t)
l free space

p(t) =C-v(t) It

w.(t) = %C - v(t)?

Unit — farads (F) = coulombs per volts
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Example 6.1

If the charge accumulated on two parallel conductors charge to 12V is 600 pC, what is
the capacitance of the parallel conductors?
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Example 6.1

If the charge accumulated on two parallel conductors charge to 12V is 600 pC, what is
the capacitance of the parallel conductors? gq=C-v
~q 600p

v =12V = 600 pC C — 50pF
! v — v 12 P

Example 6.2

If voltage across a 5-uF capacitor has the waveform shown below, determine the
current waveform?
v(t) (V) 4
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Example 6.1

If the charge accumulated on two parallel conductors charge to 12V is 600 pC, what is
the capacitance of the parallel conductors? gq=C-v

v=12V q =600 pC | B C:g=w=50pF
. A 7
Example 6.2
If voltage across a 5-uF capacitor has the waveform shown below, determine the
current waveform? dv 0 mA}
o(t) (V) 4 [ = C'E =? = -

0 st 7 (ms)
v(it) = 4k-t ->t=[0:6]

I
/\ _ 24 —12k-(t— 6m) —t=[6:8]

0 >t=][8: 0]
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Learning Assessment E6.2-E6.3

The voltage across a 2-uF capacitor is provided below. Determine the waveforms for the current,
power, and energy and compute the energy stored in the electric field of the capacitor at t=2ms.
4 o) (V)

12

|
|
K 2 3 4 5 6 t(ms
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Learning Assessment E6.2-E6.3

The voltage across a 2-uF capacitor is provided below. Determine the waveforms for the current,
power, and energy and compute the energy stored in the electric field of the capacitor at t=2ms.

) vl) (V)
dv(t)
t)=C-v(t =
. p(t) v(t) T
0 1 II 3 4 5 6 r(m;}
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Learning Assessment E6.2-E6.3
The voltage across a 2-uF capacitor is provided below. Determine the waveforms for the current,
power, and energy and compute the energy stored in the electric field of the capacitor at t=2ms.

4 vle) (V)
dv(t
p(t) =C-v(t) d(t) =72t W - t=]0:2]

12
—72+18:-(t—2m) W >t =[2:6]

|
|
K 2 3 4 5 6 t(ms

1
w,(t) =EC-v(t)2 = 36-t* ] »t=1[0:2]

v(t)= 6k-t —t=1[0:2] 2
12 —3k-(t—2m) —t=[2:6] (17 -3k - t]* W - t=[2:6]

_ dv
i=C-—= 12mA - t=[0:2] w.(t=2m) = 144 uJ

dt
—6mA —t=][2:6]
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Inductor

. a circuit element that consists of a conducting

wire usually in the form of a coil. f”""“"ﬂ
- 7N Typical

5 ¥

! Inductors

i(r)

Symbol

Simplified Inductor

Inductance (L)

!

Unit = Henry (H) = 1 volt-second per ampere

10
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Inductor

. a circuit element that consists of a conducting

wire usually in the form of a coil. f”""“"ﬂ
- 7N Typical

Unit = Henry (H) = 1 volt-second per ampere

:‘::rr} i Inductors

L i _ di

| T
: 1 (f

Symbol i i(t) =i(ty) +—- j v(x)dx
Simplified Inductor ! L to
Inductance (L) i ~_di(t)
| | p(t) =L-i(t)—

1
w(t) = EL Ci(t)?

11
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Learning Assessment E6.6-E6.7

The current across a 5-mH inductor is provided below.
Determine the waveforms for the voltage, power, and
energy and compute the energy stored in the
magnetic field of the inductor at t=1.5ms.

4 i(z) (mA)
20

10

|
|
l
0 1 2 3 4 r(ms)

3/20/2019

12
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Learning Assessment E6.6-E6.7

The current across a 5-mH inductor is provided below

20

10

V=8~
di(t)
dt

13
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. di
Learning Assessment E6.6-E6.7  v-1- = 100wy =0
The current across a 5-mH inductor is provided below. —50mV -t =[1:2]
Determine the waveforms for the voltage, power, and 0 »>t=1[2:3]

energy and compute the energy stored in the
magnetic field of the inductor at t=1.5ms.

4 i(z) (mA)

20F---

10F--

|
|
:
1 2 3

20-t A ->t=[0:1]

20m—10-(t—1m) A » t = [1:2]

10mA —t=[2:3]

4 r(ms)

—50mV ->t=[3:4]

p(t)zL-i(t)d;—(tt): 2-t W-t=]0:1]

—1m+0.5-(t—1m) W ->t=[1:2]

0 —t=[2:3]
—0.5m+0.5:-(t—3m) W ->t=[3:4]

WL(t)=%L-i(t)2: t? ] ->t=1[0:1]
2.5-[30m—10-t]> mJ - t = [1: 2]
250 nJ -t =1[2:3]

2.5-[40m —10-t]> mJ - t = [3: 4]

10m—10-(t—3m) A -t = [3:4] w,(t =1.5m) = 562 nJ

14
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Example 6.5
Find the total energy stored in the circuit provided.
60 L, =2mH 30 L,=4mH
‘w ® [y m Yy P,
oy € =200F C;=50pF |

3A

61

15
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Example 6.5
Find the total energy stored in the circuit provided.
6 () L,=2mH 30 L,=4mH
AN ——— M VA .
C, =20 uF C, =50 uF
oV = " : a = 61}
3A
4 -+
6 () I, A 30 I
@DCV,=08&I1=0 WA - —MA -
— L = short circuit l+ +l
Vo >

— C = open circuit 9V Cj) Ve (D 3A

gsn

16
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Series \ Parallel Inductors

N e e O {0 .
2 e A R R R
o) ! L, L, L, Ly
\
_ Ly I _———
------------------- 1
— o) +

17
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Series \ Parallel Inductors

I R 1o e
b ‘TIU ‘T; '**1':’ i i) i) 1] iyli)
1) : L L, L, Ly
!
—~ Ly : -
bt
— o) +

i(t) =i (t) + i) + -+
— lv(t)dt + lv(t)dt + -+ lv(t)dt‘

= L4 dcil(tt) + L, dzl(tt) +oot Ly dzl(tt) Li 1 b 1 b
= [Ly + Ly + -+ Ly] 29 =[5ty v

v(t) =v1(t) + v (t) + -+ vy(E) i
i i

18
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Series \ Parallel Inductors

N 1ir) + iyln) — + wll) — + wvylr) —
U . st P, (P, i
T 'LI LE L] :
olf) :
:
Ly :
P,
— ) +

V(t) = vl(t) + Uz(t) + -+ vN(t)
=L, di(t) + L, di(t) + ot Ly

dt aw '
,, = [Ly + Ly + 4 Lyl 5

di(t)
dt

LS:L1+L2+“‘+LN

L Ly Ly

i\(0) i) (1)

i) =i4()+i,(t)+ -+

i)
LN

1 1 1
= —v(t)dt + —v(t)dt + - + —v(t)dt

Ly L,

Ly

= |p o+ v@a

Lq

19
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Series \ Parallel Capacitors

i v, (1) vyl1) valr) i)

o—————-- —
+ Cl Cz C3 : ‘[:] () Jjgm Jjﬁﬂ 1 IN{”
. I —t
v(_t) o0) : vir) C, C, C, == Cy
o N N e NN | ' -

- -\ ¥ ===

Cn

20
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Series \ Parallel Capacitors

i© v,(1) (1) vs(1) i)
e o
+ Cl C2 C3 : ‘[:] () Jjgm Jjﬁﬂ 1 iN{!l )
wlr) onD) : wlr) C, C, Cy ==Cy
o - e Wl R : . T T T
v = = miaiae
Cn

i(t) =iq()+i,(t)+--+iy
= (4 dv(t) +Cp—— d”(t) + -+ Cy

—_ [Cl + Cz + .-+ CN] d?;(tt)

v(t) = v1(0) + v2(8) + - + vy (D)

dv(t)
=1 -i(8)dt + — ~i(O)de + -+ —i(H)dt
N

dt

[C1+ +oet ]l(t)dt

21
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C'p=C1+C2+---+CN
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Series \ Parallel Capacitors ;
: v,(1) (D) 0ald) : l_
o T +j(— = : ot ---
- B fe fe e e
olr) il ! i wi1) C, c, c, ==,
o = : : - T T T
v — | y== , ----
CN :
v(t) — vl(t) + vz(t) 4 et vN(t) | i(t) - il(t) + iz(t) + o+ iy
: | | . —c dv(t) c dv(t) . O
=z iOdt + - i(Ode + -+ - i(D)dt | =1 T+ ) :’) N g
| v(t
[cl+ +o ot ]z(t)dt | - [61+C2+”'+CN] at

22
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Learning Assessment E6.12

Compute the equivalent capacitance of the network provided.

3 uF
o—f———
2 pF /= = 4 pF
Cog — _L == 2 uF
3 nF
—fp—1

23
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Learning Assessment E6.15
Find L; in the network provided.

2mH 4 mH SmH

[y + Ty . Ty .
OA
EmHE ﬁmHE Ly — 12 mH j 4mH3
OB
Ty + Ty * Ty +

2 mH 3 mH 2mH

24



