Bug in Homework

Determine I, in the circuit of Fig. 4-35.

Ans. —4.86 mA

8 kQ 4kQ

3 [ &,LKATYT)(;—)O

0L u+ 4Ty = 38 =20v/ =33
5 b 1Tt —_l—:so v T

Fig. 4-35 \
Should be 10 K Q
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Distribution of charge and voltage on multiple capacitors

* To find the voltage on capacitors in series
— Find total effective capacitance Cy.,,
— Charge will be Qpy; = CroV
— Same charge will be on all caps (Kirchoft’s Current Law)
— Voltage will be distributed inversely to capacitance

QTotal = VCTotal \/
QTotal = Q1 = Q2 \
0 _0 C -—-—*| <
V — =1 _ =Total _ ~Total V
1 C‘1 Cl C‘1 C 2

V:%:%:CTOWV ‘!

¢, ¢ G
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Distribution of charge and voltage on multiple capacitors

 To find the charge in capacitors in parallel
— Find total effective capacitance Cp,
— Charge will be Qg = CroralV
— Same voltage will be on all caps (Kirchoff’s Voltage Law)
— Qpoe Will be divided proportionally to capacitance

Oroar = VCioa =0, +0, N}
V=V =V, [
0, =VC(,
0, =VC,
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Definitions of Sinusoidal Amplitude

\)oH"D\%e
Vams o Vebe

Average power = Vs X Igyps, When they are in-phase (resistor).
Since sin? + cos? = 1, each has an average value of 2, and the
Vyius is Vp divided by 2 .

If Vi and Iy, are 90° out-of-phase, the average power is zero,
as they are in a coil or a capacitor, so the LC branch does not

dissipate power and can “ring” forever. 7
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Let’s prove those last statements
Just as we showed that when V¢ and Iy, s are in-phase

1+ cos(wr)

cos’ (1) = , whose average (DC) value of ¥,

when Vi, s and Iy are 90° out-of-phase,

ejwt +e—jwt ejwt _e—jwt
2 2

cos(@rt)sin(wr)

B eijt_e—ijt+eO_eO
4j
sin(2a)t) .
= T R whose average value is zero.
128
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Phasor Notation Ambiguity

* In electronics, complex exponentials are described
unambiguously with shorthand notation

re’ @0 =y s Q"

* Unfortunately when applied to real voltages and
currents, the same notatibn is used variously to
mean sine or cosine, peak or RMS. Thus, AZ6
may mean

v(t):%sin(a)t+0)

v(1)= Acos(wt+0)

130

Phasor Notation Ambiguity (cont...)

* This ambiguity is allowed to continue because linear
systems change only magnitude and phase.

* Thus a given network of coils, capacitors, and
resistors will cause the same relative change in

v(t)= %sin(a)t +0)
as it does in

v(1)= Acos(wt+0)

so it doesn’t matter which definition of AZ6 you
use for real signals, so long as you are consistent.

see my Phasor Notation Manifesto on website 131
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Systems modeled as Filters

* Has input and output signals (functions of time).

* Most electronic systems use voltages as inputs and outputs.
* Has a “transfer function” H(w) in the frequency domain.

* H(w) determines what happens to ¢/#?, and thus any signal.

Vi) Vot €) 11(0)- Yl

* Consider system consisting of a voltage divider.
* Divider can now use complex impedances.

\/\(\(t\ \lmsr(t\

132

C
)
N o) ,,_, VOW(JC\ Vi ()
o3 H (@)= R1 _ ja.)RC
Ra—— 1+ joRC

joC

At high frequencies, acts like a

) : H(w)=z1, o>> L
piece of wire. RC

At low frequencies, attenuates

1
\ . H(w)=z= joRC, ©<<—
and differentiates. RC

Key frequency is reciprocal of time constant RC.

133
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Example: LC Low-Pass Filter
L

Vgt (£) )= V(1)
R . R 1

Vi (%)

At low frequencies, acts like a
piece of wire.

At high frequencies,
attenuates and integrates.

Key frequency is reciprocal of time constant L/R.

134

Example: RC Low-Pass Filter

R o= You(?)
Viald) NNN—T— Voo'l-('e\ H(®) Vi ()
P
iwC 1
H(w)zRi I 1+ jwRC
jaoC

At low frequencies, acts like a
piece of wire.
(assuming no current at output)

At high frequencies,
attenuates and integrates.

Key frequency is reciprocal of time constant RC.

135
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Decibels — a ratio
) Bl = ocdec of Mgn'hx&& N power = /048

A B = /0 } 0% <% \ Alexander aha Bell

€. W Pi=toow and C, = | w

We have & AOAR (nccease
Crom P, += £

/0 Log (22N = 2008
A

Pure W I\\\OQ,(‘
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Decibels are ratios of power, but we mainly use voltage
3SInce powes o Vb\ijQQ
/0 > Hre voltwae — 100 x Powel
o Q0 AR

So ac O\(ﬁnar\\\c Roxrxge o€ L{-DAQ;
L

\/gnaegs T Pb; 6GEST
= (00
\/ SMALLEST

(ag iIn Fthe mikeg 1n OV" \&05

dB=10log [iJ =20 log[K]
P, v

- Jjot

PSN\A UEST
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Dynamic Range

* The useful range in a system, from smallest to
largest signal, generally expressed in dB.

* Analog Systems: limited by the noise “floor” and
by “clipping” at the maximum voltage.

* Digital Systems: limited by the number of bits
representing the signal (as we’ll see later).

138

Absolute measures using decibels

&Bm 'S power celotive To [ W
:So [mw = DA&Bs

| W = %0480

RSu s powec intp 6005
— (pro(‘-ess/onc\\ low 1mpﬁdanfeouol«9>

O dbu = | mWw wmts 6605L = 775 Vv
}/g: W \/:\(—OTG =. 15V
Sfua\\og Con 0:\" ‘1"‘1Ld80\
Fdpu = 105 5y =AY

ohivide bu) I becavse \/ &K \(?;
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More absolute measures using decibels

dg\/ 15 \/o)’fage m‘T‘ h;@\n /mFedlanfe
- (ConSorv\e,r O\udlo\

oy = |V
Tends +o cun a‘\’ ~jodBv

RXbspy (sound pressure \e\;eﬂw

- OdbseL = Hheeshold  human ['\90\""“63

ovc f\m[(e )S bfodB SPL
o JO° *x hreshd & In poweC
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Magnitude and Phase of a Filter

Recall low-pass filter: Vou (1) __ 1

N
c
13 Voo (1) = H(@)V, (1)
At cut-off frequency, wW-=1/RC, \
. stationary phasor
( CO) 1 1 ] - changes magnitude
1+ j 1 j 2 and phase of signal
Magnitude (Attenua'uon) Phase
_1
‘ ZH(w)= arctan{ IAJ
P2
|H (w)|=-3dB ZH (w)=-45°
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“Bode” Plot

dB Attenuation & Phase vs. log of frequency

" —68\9 I _ap 4B Scherz Fig. 2.190

ochove  facter o&10 " @qu

Aﬁ'@uaﬁom
dll~H

™
adiorS
102 104 (0'r ID‘ IO’ ﬁ‘q'(Hf oc € ’L’a(, \

ot ven e
cm&eg cgr\iqA “C—?o\g porat " not ‘\’culus N g\\u‘Q cornef™

I We
N )
\
Y 0
(%] ——q,b
<,
- S 90 107
L
/ 3 dB is factor of /2 in amplitude.
our low-pass filter example, 6 dB is factor of 2 in amplitude.
with wc = 10* Hz. One octave is factor of 2 in frequency. 142

Magnitude and Phase of High-Pass Filter
Recall high-pass filter: (1) joRC

V.
H(w)=
() V,(t) 1+ joRC

C
N m(ﬂ —"i \/Ou-r(t\ '
R
‘/out (t) = H (CU) ‘/in (t)

At cut-off frequency, wW-=1/RC,

H(w)=—! A=y _1+J

C1+j 1= 2
Magnitude (Attenuation) Phase
1+ 1 A
H =|l—|= — — L &
|H () R ZH (o) arctanL%
|H ()| =-3dB ZH (w) = 45°
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Bode Plot of High-Pass Filter
-ExiQ>Pocd*’ CAﬁ‘oGéfé?req

“'7/05‘?\9:1 .
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