Circuit Analysis

Lesson #2

BME 372 Electronics [ —
J.Schesser
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Homework

* Voltage and Current division

— How does the voltage divide across two capacitors in series? Show
your results.

— How does the current divide among two capacitors in parallel?
Show your results.
» (alculate the Currents and Voltages for the following
circuits:

ANN—¢ 1

é MN—¢
2 .
1 = 2Vdc § )
10Adc 1 C,D 10Adc
—L—  Jvdc

1 — 25Vdc

10Adc BME 372 Electronics I — 20
i J.Schesser
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Homework Answers #2

* Voltage and Current division

Voltage divison

1 1
Va = Z Vin;Va = Joca Vin = Ca Vin =
Za+7Zb 1 N 1 Ca+Cb
joCa jwCb CaCb
Current divison
1

Ila = LIin;Va = joCa Iin = Ca Iin

1 1 jwCa+ joCb Ca+Cbh

Za Zb

BME 372 Electronics [ —
J.Schesser

Ch

"~ Ca+Cbh

Vin
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Homework Answers #2

» (alculate the Currents and Voltages for the following
circuits:

1,=2/2=14
-1V +
MWV
1- ‘ _
* é 20,/%2 I,=104 | |15=9%4
vy 4T 2V =

22V ’T\) 104

BME 372 Electronics [ —
J.Schesser



Homework Answers #2

e (alculate the Currents and

Voltages for the following Nodal
circuits: I, +1,+1,=0
[,=2/2=14 Note:
-1V + 1 =10
1- _ _ V
- é ZOV%Z 12—-1011_ [,=94 5—10+13 =0
1V 1 + + 2V —_ Note:
_ 22V (M 104 V=2
- 3 1-10+7,=0=1,=9

BME 372 Electronics [ — 23
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Homework Answers #2

» (alculate the Currents and Voltages for the following
circuits:

1,=25/2=12.54

/ - 12.5V +
ARK X
+ é 21&,/%2“12%4_ [;=2.54
12259 1 47 = |25V
] 457 (1) | 104
@

BME 372 Electronics I — 24
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Homework Answers #2

Calculate the Currents and
Voltages for the following

CIrcuits:

1,=25/2=12.54

_|_

12.5

3

125V + 13=-2.54
1_
% 1,=-104
20V S22 .
o 25V =
457 (™ 104
-

BME 372 Electronics [ —
J.Schesser

Nodal

I +1,+1,=0
Note:
I,=-10

K—10+I3:O
2

Note:

V =25
125-10+1,=0=1,=-2.5

Ve =25-1,2=25-(-10)x2 =45

25



Homework Answers #3

» Calculate the Currents and Voltages for the following circuits:

1,

1,

s

113 @\) 10Adc

2Vdc

IS -55v+

«—

1

- 1

-_F

+ | 1 + ;%2
5.5v§ v

I,=4.5
</i\> 10Adc

2Vdc

Using Nodal Analysis:
I +1,+1,=0

K+(—10)+V—_2=0
2 2

271/:11:>V=11

Il =%:5.5A; I,=10-5.5=4.5

1

Ves =11

BME 372 Electronics [ — 26
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Homework

R] V] R3 V2
—VW—/—" WA — ;
, AR Calculate the current labeled i and the
+ lll’l 12 . .
v R, R, Rs voltage labeled v in the following
cc—— .
— l L] L]
- N circuit
R
Ry v 7 R,=1Q,R,=2Q,R; = 1Q,
R,=1Q,R; =2Q, R, = 2Q,
R R R,=2Q,V, =4y
R =R([|R, = T
Ry +R,
R,=R,+R' =R, + Rk,
R, +R,
R,R (R4+RR6R;2)R5 R,R,R,+R,R,R, + R,R,R
R'3=R'2||R5=(R4+ 67)||R5: R6;7 — 456+457+567
s TR, (R, +—%1 4 p R,R,+R,R, + R.R, + R.R, + R.R,
4 5
R, + R,
Rv4 — Rv3+R3 — R4R5R6 +R4R5R7 +R5R6R7 .
R,R,+R,R, + R.R,+RR, + R R,
_ RR,R +RR,R,+RRR,+RR,R, +RRR, +RRR,+R,RR,+RR,R,
R,R,+R,R, + R.R, + R,R, + R.R,
R's=R,[|R',
Re=h+ ks BME 372 Electronics I - 7

J.Schesser



R,

R',

Homework

7 Calculate the current labeled i and the voltage
R, R, R labeled v in the following circuit
T — R,=3Q,R,=6Q, R, =12Q,
R, : R; R,=4Q, R, =2Q R, =2Q,
= R,=4Q,V, =4v
RR,=R,| RRRA+RRR +RRR +RRR +RRR, +RRR+RRR, +RRR,

R,R,+R,R, +RR,+RR, +R.R,
2 x RRR;+ RRR, + R.RR; + R,R:R, + R,R.R, + RRR, + R,RR, + R.RR,
? R,R,+R,R, +R.R, +R.R, +R.R,

RR,R,+RR R, +RR R, +RRR, + RRR,+RRR +RRR, + RRR,
R,R,+R,R, +RR, +R.R, + RR,
R,R.R,R,+R,RR,R, + R,R.R R+ R,R.RR, + R,R.R R, + R,R, R, R, + R,R,R.R, + R,R. R R,

R, +

T RR,R, + R,R,R, + R,R.R, + R,R.R, + R,R.R, + R.R,R, + RR,R, + RR.R, + R.R.R + R.R.R, + R,R.R, + R,R.R, + R.R.R,

=R +R', =R+

R,R.R,R,+R,R,R,R, + R,R.R.R, + R,R,R.R, + R,R,R.R, + R,R,R.R, + R,R,R.R, + R,R.R.R,
R,R,R, + R,R,R, + R,R.R, + R,R.R, + R,R.R, + R,R,R, + R,.R,R, + R.R.R,+ R.R.R, + R.R.R, + R,R.R, + R,R.R, + R.R R,

_ RR,R,R,+RR,R,R, +RR,RR,+RR,RR, +RR,RR, +RRR,R,+RRR,R, +RRRR, +RRRR, + RR,RR, + RR,RR, +RR,RR, +RRRR,

R,R,R, + R,R,R, + R,R.R, + R,R.R, + R,R.R, + R,R,R, + R,.R,R, + R.R.R,+ R.R.R, + R.R R, + R,R.R, + R,R.R, + R.R R,

R,RR R +RRRR +RRRRARRRR +RRRR, +RRRR+RRRR,+RRRR,
RRR +R,R,R, + R RR,+R,RR, + R,R R, + RR, R+ RRR, + RR R, +RRR, +RRR,+R,RR,+RRR +RRR,

BME 372 Electronics [ — 28
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Homework

v
R, Vi R; v,

—AM——AM—
. > N
%)
l R, R, R
l > R,
R, IV )
1 V) R] Vi R3 Vy N
W e
8 2 2 + RZZR’ >R’4
cc——— . >R’ v 2 3
! R; cc——
. - J
R =R [|R,=2]2=1 J
R',=R,+R' =1+1=2
R',=R"||R,=2]|2=1 y N R
R, =R +R =1+1=2 hy =t =l ey =,
' ' R', R',+R, R',+R,
R5=R2||R4=2||2=1 . ' Rv3 va
R\, =R +R's=1+1=2 R R R T R R,
BME 372 Electronics I — 79
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Homework

Vee—— o R Vee I
— i > R’j _
J
; _Yee_4_
in R,6 2 )
R' 2
' — e — l:l 4 :2X :1
Ry=R ||k, =2][2=1 "R'+R, 242
R',=R,+R' =1+1=2 R 5
lZZZin ' =1>< :OS
R',=R',|| R, =2]2=1 R',+R, )
R',=R'\+R, =1+1=2 v =5LR', =0.5x2=1
R', 1
= = = = =1 =0.5
R\ =R,|[R', =2||2=1 ERRTR Ty
| I | _ \
R' =R +R',=1+1=2 e, Ry sl _oos
R'+R, 1+1

BME 372 Electronics [ —
J.Schesser
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R\ =R |R,=2]2=1
R',=R, +R' =1+1=2
R'.=R"||R,=2]|2=1
R',=R'.+R, =1+1=2
R'.=R,||R',=2]2=1
R' =R +R';,=1+1=2

; _Vee 4

" R, 2

i=i, R, =2x 2 =1
R',+R, 242

i, =1, R =2x 2 =1
R',+ R, 242

v, =LR', =1x2=2
R'

v, =V, : :2><L:1
R+ R, 1+1

v=v R, —IXL:O.S

~PR'+R, 141

Homework

Calculate the current labeled i and the
voltage labeled v 1n the following
circuit

R,=1Q,R,=2Q,R, = 1Q,

R,=1Q,R; =2Q, R, =2Q,
R,=2Q,V, =4y

ViV g v,=1v
Ly 4/

2at —WN——VW\—
+ T"’ZV'%"‘]V'% §
2 1 2
! _--_]al
+
2 0.5v 2

CHECK YOUR
BME 372 Electronics I — ANSWERS! ;,

J.Schesser




Homework

_Yee_2_3.
RR m_R, _4_2,
R' =R | R,=—"-=2][2=1 3 X
R1+R2 3
R' 3 4
RR o , 3
R‘2:R4+R'1:R4+R:_2 :3+1:4 l3 lInR'2+R3 2X4+2
o RR _ R 3.2 1
(R, +—"2)R YURR 26 2
RR *"R+R,
Ry =R IR, =(R,+——)[| Ry = T .. R 1021
+R RR, i =i, s
| TG (R4+R R)+R3 R+R 2 4 4
R .. R 12 1
= R1R3R4 + R2R3R4 + R1R2R3 12 - l4 R2 +R1 - EXZ B Z
RR,+RR,+RR,+R R, +RR, L1 s
_4)2=-2-4 i=i,—i=3-7=7
6 3

BME 372 Electronics [ —
J.Schesser

R,=2Q,R,=2Q,R,=2Q, R, =3Q,

Calculate the current labeled, i.

V =

cc

32
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Homework

RD 29.5k RS 500
VMW VW

1Vac @ | CIN== 53n
CD 53n

b

An electrode 1s connected to an oscilloscope which
has a purely capacitance input impedance, CIN. Find
and plot the output voltage V ,(jw) as function of w.
Use Matlab to perform the plot.

BME 372 Electronics [ —
J.Schesser
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Electrode Impedance

RD=29.5k CD=53nf RS=500 Cin= 5.3nf

7 R, + R+ joR,R,C, L1
£ 1+ joR,C, L0
1
Vou __ JOC,  _ 1 _ 1 09
V., : 1 +Z, 1+ joC,Z, 1+ joC, R, + Ry i"ijDRSCD
JjoC, 1+ joR,C, 0.8
_ 1+ jwR,C,
1+ joR,C, + joC, (R, + R + joR,R.C,) 0.7
_ 1+ joR,C,
1- szDRSCDCm + ja)(RDCD +C, (RD + Rs)) 0.6
V;mt — 1 +ja)RDCD ‘ — 0.5
Viloss 1= @*RyRC,C, + jo(RyCp + C, (R + R, L.E+00 1.E+01 1.E+02
V _ i 1+]:a)RDCD N {wRDCD _ 1 ST oy T
V. JR 1-@"R,R,C,C,, + joo(R,Cp, +C, (R, + Rs))LH00 -0 R,R,C,C,, ®RC, 2 2
1
14 j——oR,C
v, B 1+joR,C, | _ IR RCC, "
v, L 1=@*RyRC,C, + jo(RyCp + Co(Ry + R))|, 1 . 1
mlo=——— m n = J (R C,+ q”(R +R ))
JRpRsCpC,y JRpRsCpC,, \/ RD Rs CD Cm D~D D S
\' RDRSCDCM +jRDCD \/RDRSCan + (RDCD )2 -1 RDCD 4
=- = Ztan™( )—=
](RDCD + C,-n (RD + R ) (RDCD + Cin (RD + Ry ) \ RDRSCDCm 2
11
s 1Ly ke
Vaur — f;’ — f;7 -1 L _ -1 ﬁ ﬁn
2 7 1 - T Ztan™ (<-)—tan (7f )
v =i ooyt Ly » 1-(2)
Tx fo T f 1ot Tr
w 1 1 1
2l T R,y T R Rk GG T 2 Ry 4 R

BME 372 Electronics [ —
J.Schesser
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Electrode Impedance

out (J'a))_ 1+JwRDCD

Vm 1- a)zRDRSCDCIn +jw(RDCD + Cfn(RD + Rs))
s+

1+sR,C, sR,C, +1 R,C, R,C,

VO T PR RC.C +5(R,Cy+C(Ro+ R)  SRRCLC. +5(R,Cot C (R R)E1 - RRC,C. o Ryt CoRy+ Ry) I

in pis~p%in D~D in\tD s pts~pin D~D in\*D s DSDinS+S(DD in\" "D 5)+

RyRC,C, RyRC,C,
s+
1 R,C, 1 s+,
RSCiu SZ + S(RDCD + Ci” (RD + RS)) + 1 RSCin (S + spl )(S + spz)
RyRC,C,, RyRC,C,,
7RDCD+C'M(RD+RS)+ (RDCD+CW(RD+RS))2 —4 1
1 RDRSCDCm RDRSCDCin RDRSCDCm _RDCD + Cm (RD + Rs) * \/(RDCD + Cm (RD + Rs))2 — 4RDRSCDCin

S, == 5 = =

: RDCD b 2 2RDRSCDCI/1

5. =—640;s,  =-581,4.2x10°
fz=102Hzf, , =92.5Hz,6.6x10* Hz

BME 372 Electronics [ —
J.Schesser



Homework

* Repeat the analysis of this circuit using
Mesh and Nodal Analysis. Thatis find V',
as a function of frequency

R1 R2

N U

BME 372 Electronics [ — 36
J.Schesser



Homework Answers #7

« Repeat the analysis of this circuit using Mesh and Nodal Analysis

v
. R1 11 R2
I +1,+1,=0 A I —ZM% I
V1 -V Vl 4 Vl —0 1%69 I o c2

Z, Z,+Z. Z. v ! I w1 I .
4 4 n_Vr

+ + =

zZ, Z,+Z. Z. Z,

1 1 1
ot W=

zZ, Z,+Z. z.)' Z,

Z, +2.)2.+2,Z.+(Z, +Z.)Z, W = V

zZ(Z, +Z.)Z. 'z,

BME 372 Electronics [ —
J.Schesser
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Homework Answers #8

« Repeat the analysis of this circuit using Mesh and Nodal Analysis

R1 V] 12 R2
4AA% ANV
1k 5k

1Va69 11 1 o1 l
13

V -[ 1n

a

C2

I
1
-[ 5n .

(ZR2 + Zc2 )ch

V.= V
ZRZZCI + ZCZZCI + ZRIZCI + ZRZZRI + ZCZZRI
o Z,. . Z, (Z, +Z.)Z, .
" Z,+z2) ' (Z,+Z)Z,Z . +Z.Z. +Z,Z . +Z.Z, +Z.Z,
B Z.Z,
7.7 +72. 72, +2,2.+2,Z, +Z.Z,
BME 372 Electronics I — 38
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Homework Answers #8

Repeat the analysis of this circuit using Mesh and Nodal Analysis

g So

1%69 11 1 C1l I 1 co
3

-[ 5n
b
Zq ZC2

2y Zo AZe Lo AZy Lo A 2y Ly + 2o 2y d
11

2 1 + 1 1 +Rl 1 +R2R1+.LR1
JjoC,  joC, joC, JoC, JjoC,

~ 1

 jwC,R, +1+ jwC,R, —0*C.C,R,R, + joC,R,

~ 1

" 1-w*CC,R,R + ja(C,R, +C,R +C,R,)

BME 372 Electronics I —

J.Schesser
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Homework Answers #6

R1 R2
MV I MWV l a
1k 5k
1Va
Vo (1-o°C,CRR)+ jo[C,(R +R,))+ CR ] 1n 5n
_ 1 b
1—(@w5x107°) + jew31x107°
1 e @31x107°
= —tan [ — =]
JI=(@5x10°)° T +*961x10™"2 1-(@5x10™)
V., 1 Lo 0x31x107°
0=0" 60212 =z o an [ =red
v JI=(0x5x10°)*F +0x961x10 1-(0x5x10™)
1 .0
=—/—tan [—]=1£0
NIl
L><3v1><10‘6 ;><31><10'6
Ve = ! Z—tan™'[ 5x10° 1= ! A—tan’l[sxwi6 1= !
e \/[l—( ! x5x107°)° + ! 2><961x10"2 1_(%%“076)2 \/[0]2+ ! 2><961><10’12 0 V3844
5%10°° 5%10° 5x10 5%10°°
Ltz
627 2
V;b ‘wﬁooz 6 1 . 6 ‘11)*)00_> 612 —>0ZL-7
v 1—(@5x10°) + ja31x10 —(@5x10°) _
BME 372 Electronics I — 40

J.Schesser
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Vas
V

Homework Answers #6

1 1

( TR) (1+ja)C2R
_joC, :

2 ) 1
JjaC, JjoC,
1+ joC,R, )+ 1
joC, " jaC,

JoC,
o
JjoC,

joC,
1+ joC,R, 1+ joC,R,

1Va@

"~ joC(1+ joCR) + joC, @ CR,C, + ja(C,+C,)
1+ joC,R,
“@*C,R,C, + jo(C, +C,)
1+ joC.R
—afcszc{+ j;(zc1 +C,) A
1+ joC,R,
"1+ joC,R, + R (~*C,R,C, + jax(C, + C,))
B 14 joC,R,
" 1-@*C,R,CR + jo(RC, +RC, +C,R,)
Vi 1

Z

a'b

“Z.+R

1+ jwC,R,

ab

R1 R2

1k 5k

C1

1n

C2

Vs _ 1
V  1-&*C,R,CR + jo(RC,+RC,+C,R,)
1

JA=&*C,R,CR ) +(a(RC, +RC,+C,R,))

1
" 1-@*C,R,CR + jo(RC, +RC, +C,R,)

V., V 1+ joRC, 1-@*CRCR + jo(RC,+ RC, +C,R,)

BME 372 Electronics [ —

J.Schesser

Ztan™'(

o(RC, +RC,+C,R,)

1-&°C,R,C\R,

41
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Matlab Code

clear all;
R1=1e3;Cl1=1e-9;R2=5¢3;C2=5¢-9;
omega=(100:1000:10"7);maxomega=length(omega);
z1=R1;GIN=[1/R1];
for i=1:maxomega
zC1=1/complex(0,omega(i)*C1);
zC2=1/complex(0,omega(i)*C2);

z3=R2+zC2;
G=1/R1+1/zC1+1/z3;
V1=G\GIN;
VOUT(1)=V1*(zC2/z3);
end 1 RCLadder Nodal Magnitude
f=omega/(2*pi); - -~ -
subplot(2,1,1);
semilogx(f,abs(VOUT)); 0.5 |
title('RCLadder Nodal Magnitude'); '
xlabel("Hz');
axis([f(1) f(maxomega) 0 1]); o !
subplot(2,1,2); 10° 10° 10°
semilogx(f,atan2(imag(VOUT),real(VOUT))); Hz
title('RCLadder Nodal Phase Angle'); RCLadder Nodal Phase Angle
xlabel('"Hz'); S L A
axis([f(1) f(maxomega) -2 2]); 1+ 1
o _
1k \ -
2= “‘HH‘Z ‘ ““““3 ‘ ““““4 ‘ “HNS “6
10 10 10 10 10
BME 372 Electronics I - i 4

J.Schesser



Vas
V

Homework Answers #6

1 1

( TR) (1+ja)C2R
_joC, :

2 ) 1
JjaC, JjoC,
1+ joC,R, )+ 1
joC, " jaC,

JoC,
o
JjoC,

joC,
1+ joC,R, 1+ joC,R,

1Va<->

"~ joC(1+ joCR) + joC, @ CR,C, + ja(C,+C,)
1+ joC,R,
“@*C,R,C, + jo(C, +C,)
1+ joC.R
—afcszc{+ j;(zc1 +C,) A
1+ joC,R,
"1+ joC,R, + R (~*C,R,C, + jax(C, + C,))
B 14 joC,R,
" 1-@*C,R,CR + jo(RC, +RC, +C,R,)
V., 1 1+ joC,R,

Z

a'b

“Z.+R

ab

R2

1k

C1

C2

v, 1

V' 1-@’C,R,CR + jo(RC,+ RC, + C,R))
1

JA=&*C,R,CR) +(@(RC, +RC, +C,R,))

1
" 1-@*C,R,CR + jo(RC, +RC, +C,R,)

V., V 1+ joRC, 1-@*CRCR + jo(RC,+ RC, +C,R,)

BME 372 Electronics [ —

J.Schesser

Z—tan”'(

o(RC, +RC,+C,R,)

1-@’C,R,C,R,
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Homework Answers #6

Vs 1

V  1-w’C,R,CR + jo(RC, +RC, +C,R,)
1

o(RC +RC,+C,R,)

= Z—tan™'( . ) )
\/(1 - a)zcszclRl)z + (a)(Rlcl + RICZ + CZR2 ))2 1-w C2R2C1R1 R1 a R2
4'AA% MN a
1k 1k
I/I';b |w:ozm=140 .
—0)+ a
@ C1 c2
1n 1n
Vah w—)wé%h}_ﬂw:oziﬂ =0L-7x
v -o°C,C\RR, b
Vs 1

1
CCRR [CZ(R]+R2)+C1R1]
2CRER, Frequency Response

JC,CRR
N 1.20E400 0

TG(R+R)+CR T 2

—. 1 -
v w_«lczclRle (0)+]

1.00E+00 -0.5
-1
8.00E-01
-1.5
6.00E-01
-2
4.00E-01
-2.5
2.00E-01 3
0.00E+00 -3.5
1.E+00 1.E+02 1.E+04 1.E+06 1.E+08 1.E+10 1.E+12
= Magnitude Ladder  ==—Phase Ladder
ADIIVIAL Y J | & AJ/AIVOVLLULLIIVD L 44
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Homework Answers #6 |

1

v 1 g 1+joRC  [l+(wRC)
joC

Vo~ 1 1,0

vV 1+ 0

Y| om0 -2

V JjoRC 2

v, 11

Z—tan"' (wRC)

R a
NN e a
1k
1Va
&Y c
1n
- )
Frequency Response
1.20E+00 0
1.00E+00 02
B -+
N\ -0.4
8.00E-01 -0.6
-0.8
6.00E-01
-1
4.00E-01 -1.2
-1.4
2.00E-01
-1.6
0.00E+00 -1.8
1.E+00 1.E+02 1.E+04 1.E+06 1.E+08 1.E+10 1.E+12
= magnitude Single Phase Single
BME 372 Electronics I — 45
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Homework Answers #6 |

1Va69

R1 a R2 R a
MN NN a NN
1k 1k 1k
1Va
c1 c2 @ C
1n 1n 1n
b
Frequency Response
1.20E+00
1.00E+00
8.00E-01
6.00E-01
4.00E-01
2.00E-01
0.00E+00
1.E+00 1.E+02 1.E+04 1.E+06 1.E+08 1.E+10 1.E+12
= [\]agnitude Ladder == magnitude Single
BME 372 Electronics I —

J.Schesser
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Homework Answers #4

« Repeat the analysis of this circuit
using Mesh and Nodal Analysis

R

—A

C2
5n

P~

Mesh 1
V = Ille + ch (I -1)= Il(ZRl + Zq)_lzZq
Mesh 2

0=1Z, +Z)+Z.(I,-1)=—Z2. 1 +1(Z, +Z. +Z_.)

BME 372 Electronics [ —
J.Schesser
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Homework Answers #5
» Repeat the analysis of this circuit using Mesh and Nodal Analysis

ol S B
Z, +7 +Z
J . [ ;from Mesh 2V gc¢ 6}[\v ¢
1 Z 5n
: 125 1e
L, +Z, +Z,
V={—- Y }(Z +Z, ) I, C, Substituting this into Mesh 1
ZC
2
:(ZR2+ZC2+ZC1)(ZR1+ZC1)_ZC1[
Z,. ?
ZZ+ZZ+ZZ+ZZ +ZZ+ZZ 22
- 4 1I
ZC
_ZRzZRI+ZCZZR1+ZCIZR1+ZRQZCI+ZCZZC1[
_ Z ,
1 BME 372 Electronics I — 48
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Homework Answers #6
» Repeat the analysis of this circuit using Mesh and Nodal Analysis

h
©
—y
2
F—
Y,
22
 —
)

~
R
L
o
~
—
[\ 8]
—
o~

I, = “ 4
’ 2,2, +2. 2. +2.2Z,+Z,Z. +Z.Z,

ZC ZC
V =17 = L
’ : ZRzle +ZQZR1 +ZC12R1 +ZRZZC1 +ZCZZC1

v

BME 372 Electronics I — 49
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Homework Answers #6

« Repeat the analysis of this circuit
using Mesh and Nodal Analysis
1

JjoC, 1
L= 1 1 1 1 1 d V"b:(l—a)zCCRR)+ ‘w[C,(R +R,)+CR]
RR,+ R+ R +R, 2 NG T JOLL, Uy T I, 114
ja)CZ ja)C] ja)C] ja)Cl ja)CZ _ 1
_ 1 V 1= (@5x10°) + jw31x10°
B ¢ ! 1 31x10°°
‘wC,RR,+—R +R +R,+ - @51X
JOL L, c, 1 TG jaC, = — — /—tan™' — 1}
JI=(@5x10°)° T + @?961x10 1—(05x10™)
JjoC,

= V
) C .
(I- a)2C2C1R1R2) + joC, FlRl +jo[C,(R +R,)+CR ]

2

v, =17, = JoC,
@ (1_w2C2C1R1R2)+ja)[C2(R1+R2)+C1R1]

G

= AN ’W\, &
o V= 1 l > I
JobL, — \
_ 2 . joC, V v @ I\ I 2 c2
(1—@?C,C,R R,)+ jo[C, (R, + R,)+ C,R,] ac 1 5n
(1 — (()2C2C1R1R2) + ]a)[CZ (Rl + RZ) + CIRI]
BME 372 Electronics I — 50
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Homework Answers #4

« Repeat the analysis of this circuit
using Mesh and Nodal Analysis

R1 R2
s LT AT
~
1V ac <> Il\' '[ C:n I)‘ C;
[ =,
Mesh 1
V=IR + ! ([, —-1)=1(R + ! )—IL
: joC =~ 7 : joC,~ 7 joC,
Mesh 2
0212(R2+-1 )+ .1 (]2_]1):_L]1+12(R2+ 1 + ! )
JoC, C, JjoC JjoC,  joC

BME 372 Electronics [ —
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Homework Answers #5

Repeat the analysis of this circuit using Mesh and Nodal Analysis

R2

Y= ’VV\/ ¢
ST @ \
w w c2
I = J 12 SO L;fromMesh2 [V ac I 2 .
jooC, 5
R+ 1C' T 1C 1 1
y={— I JO% (R +—)—I,—; Substituting this into Mesh 1
1 JjoC, joC,
JjoC,
1 1
R + - ?
(&, C, ja)Cl) (ja)Cl)
= 1,
R
JjoC,
1 1 1 1 1 1 1 1
2R1 - R1 - 1+ 2 . +- . +- . -\, )2
JjoC, JjoC, joC,  joC joC, joC joC,  joC
- 1
JjoC,
3 JjoC, JjoC, joC,  joC joC, I
= 1 ,
JoC, BME 372 Electronics I — 5
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Homework Answers #6
» Repeat the analysis of this circuit using Mesh and Nodal Analysis

)=

R1

R

1V ac @Iﬁ' % C:n

Nl

Isn

P~

1

JoC,

V

Rle +

1

1 1 1
+

1

JjoC,

R +

R +R

1

JjoC,
1 1

JjoC, joC,

? joC,  joC, joC,

1 1

1

1 1

+ + R
Joc. R R

BME 372 Electronics [ —
J.Schesser
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Homework Answers #6
» Repeat the analysis of this circuit using Mesh and Nodal Analysis

R1 R2

y= M l A J
wae D1, I o A |

R

P~

1 1
Q_ JjoC, joC,
V R2R1+.1 R1+'1 R1+R2.1 +.1 .1
JjoC, JjoC, JjoC,  joC, joC,
B 1
(JOC)GOC)RR, +(jaC)(joC,) R +(oC)(oC,) . R+(joC)(oC)R, . +(joC)(joC,)
JjoC, JjoC, JjoC, JjoC, joC,

1
 (~@*CC,RR)+ joCR + joC,R + joC,R, +1
~ 1

1-w’CC,RR)+ jo(CR +C,R +C,R)

BME 372 Electronics I — 54
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Homework Answers #6

Repeat the analysis of this circuit
using Mesh and Nodal Analysis

1
-
“ (1 - a)2C2C1R1R2) + ]a)[CZ (Rl + RZ) + CIRI]
B 1
1—(05%107°)* + jw31x107°
1

@31x107°

R

= Z—tan™
J1=(@5%10°)° T +@*961x10™"2 " [1—(a)5><10‘6)2]}
R1
V= Vi l
~
1V ac <>Il\' '[

—AF—

C2
5n

P~

BME 372 Electronics [ —
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Homework Answers #6

. . . . Zab
« Repeat the analysis of this circuit -0
using Mesh and Nodal Analysis — e [
1 08 | + -60
V:zb = 2 . » T 2
(1- @*C,C,RR,) + jo[C,(R, + R,)+ C,R] 2 o6 Law §
1 ° 1120 8
_ 04 4 1.
1—(05x10°) + jw31x10°° [
% 0.2
_ 1 Z—tan”[ a)31><10_6 ] ) ;22
\/[1 - (a)s X1076 )2 ]2 + a)2 961X 10712 l_(a)sx 10 ) .1.E+00 1.E‘+02 1.E‘FO4 1.é+06 1.é+08 1.E‘+‘|0 1.E+1-2
-6 Frequency (Hz)
Vol = 1 L—tan_l[ O><3lx10_6 1
JII=(0x5x10°)* T +0x961x10™" 1-(0x5x10™)
1 L0
=—/—tan [—]=1£0
J1 1
! %xmxlo-ﬁ 1 %xmxlo* 1 62
Vi | = - Z—tan'[ 5><1()1 1= - A—tanfl[5><10 0 ]=\/38 44Z—tan71[T]
5x10°6 \/[1_( 1 76><5><1076)2]2+ 1 - %961x1072 1—(WX5X1076)2 \/[0]2+ ! — x961x107"2 '
5x10 5x10 5x10
Ltz
627 2
1 1
Vab |(04>oc: 62 . 6 ‘maw% 62 —>0L-7
1—(@5%x10°) + jw31x10 —(@5x10°°) .
BME 372 Electronics I — 56

J.Schesser



Matlab Code

clear all;

R1=1e3;C1=1e-9;R2=5¢3;C2=5¢-9;
omega=(100:1000:10"7);maxomega=length(omega);
VIN=[1; 0];

for i=1:maxomega 1

RCLadder Mesh Magnitude

zC1=1/complex(0,omega(i)*C1);
zC2=1/complex(0,omega(i)*C2);
Z=[R1+zC1 -zC1;-zC1 R2+zC1+zC2];

IC=Z\VIN; "o

VOUT(®O)=IC(2)*zC2;
end ol ‘ L ]
f=omega/(2*pi); 10> 10° 10°
subplot(2,1,1); Hz
semilogx(f,abs(VOUT)); ) RCLadder Mesh Phase Angle
title('lRCLadder Mesh Magnitude'); | S
xlabel("Hz'); 1+ 8
axis([f(1) f(maxomega) 0 1]); 0
subplot(2,1,2); o
semilogx(f,atan2(imag(VOUT),real(VOUT))); A \ :
title('lRCLadder Mesh Phase Angle');

' ' _2 L Lol M| L | L L el Il
xlabel("HZ'); 102 10° 10* 10° 10°
axis([f(1) f(maxomega) -2 2]); Hz
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