BME 372 Electronics 1

BME 372 Electronics [ —
J.Schesser



Circuit Analysis

Lesson #1
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Homework

R1 R3
o AW p
1k 1k
* SR WS Find the total resistance R,
b Method #1
R.=R | R,= R
R +R,
P _pesp - RR o RR+RR+RR,
7 R+R, R +R,
RR, +RR,+R,R,
R4
R =R R = RR, R +R, _ RRR,+RRR,+RRR,
“ Y R +R, RRARRARR o, RR, +RR+RR +RR,+R,R,
R +R, !
R ,=R,=R=1k;R, =R, =5R=5k
25R’ +5R’ +25R’
ab — 12 52 +52 " 52 2:55R:55k:134k
R +5R"+5R"+5R" +25R~ 41 41
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Homework

R1 R3

a

5 < Ro Find the total resistance

b Method #2

RR, 1kx5k —ék
R +R, 6k 6

R, =R, ||R2 —
R =R &R =2k+lk="1k
6 6

11 55
“kx5k k
R R, 8 55

6 6
R,=R ||R, = = = =—k =134k
ab Y || 4 Ry +R4 Ek+5k 41 41
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Homework
Find the total resistance R , where
R,=3Q,R,=6Q, R, =120,

Rs R,=40Q, R, =20, R, =20,
R,=4Q, R, = 40

R+R =2+42=4=R"

1 1
R2HR3HR4:W:2:R2
R, 6 12 4
¢ R || R, = I =2=R'
R’Z% R’] 7“ ] l l - 3
4 4
R}% R,+R,=2+2=4=R,
' 1 1 '
b . R4‘|R1=ﬁ—2:R5
7+7
4 4

R'+R =2+3=5=R,
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Homework

R, R3 R
« “M—=W>" *  Find the total resistance R, where
bR
, ! R,=2Q,R,=4Q, R, =2Q,
R
’ R,=2Q,R;=2Q, R, =4Q
R, R3 R4
R, % e (R, +R)|| R =(2+2) | 4=(4) || 4=2 =R,
b A R.+R'=2+2=4=R,
5 (R |R)+R =(4]|4)+2=2+2=4=R,,
R, R, R,
a —W——AM— Y —AM——
R, %WWJ R, % éRZ
b
R, b

BME 372 Electronics [ — 6
J.Schesser



Homework

Find the total resistance R, for this infinite resistive network

R R R R R R
0 —MW——AM——M——AMN——AM——AN—

R continues to infinity
R R R R ——

b —MAV——AM——AMN——AM——AM——AN—

R R R R R R
R R R R R R METHOD #1 Iterative
—WWN—F—WW\—
a —WN— —"W——"VW— —W\— (R, +2R)R
o o cor.ltlnu.es Ri = (R[+1 + 2R) || R=—4= -
R R R R R to infinity Rl. gt 3R
h —MN——AM——AM——AM— —AM——AM— But since the chain is infinite, shouldn't R, =R, =r
R R R R R R r:(r+2R)R:>r2+3Rr:Rr+2R2:>r2+2Rr—2R2:O
r+3R
2R JQR —4(2R*) -2R+RJ4+8 -2R+R2\3
2 2 2
R; Ry r=R(3-1)

R,=2R+r=(1+/3)R=2.732R
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Homework

Find the total resistance R, for this infinite resistive network

R R R R R R
0 —MW——AM——M——AMN——AM——AN—

R continues to infinity
R R R R ——

b —MAV——AM——AMN——AM——AM——AN—

R R R R R R
R R R R R R
a —WN—r a —W—/W\— a —W—/WAV——W\—
SRS 0 LIRS S TR 5
b —WN— b —WN——WW\— b —WN——MWNV——W\—
R R R R R R
METHOD #2 Iteration 2 Tteration 3
Numerical Iteration R> =2R+R||3R=2R+R| R, R} =2R+R|2QR+R||3R)=2R+R|(R%)
Iteration 1 R(3R) R(25R) 2R +2.7£

2 ik S — R =2R =
R 3R R’ =2R+ iR 2R+.75R=2.75R b +R+(2.75R) T
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Homework

Find the total resistance R, for this infinite resistive network
R R R R R R
0 —MA—MW——AN——AM— —AN— — M\ —
R continues to infinity
R 3R 3R 3R —

b —MV—AM——AMN——AM——AM——AM—

R R R R R R
Iteration Rab
1 3
2 2.75
: 3[ 2.733333 2750
Iteration N s b
N N-1 5[ 2.732057 2746 1 " Ra
R, =2R+R| R, 6] 2.732051 7| < Sqri)+
7| 2.732051 2742 o Fonali
. . . 8| 2.732051 2.740 1 quanty
Continuing this way we see that R, 9| 2.732051 2728 |
- 10| 2.732051 275
\approaches 2.732R where 2.732 is the 115 735087 )
sqrt(3)+1 12] 2.732051 2724 v
13[ 2.732051 T
14| 2.732051 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
15[ 2.732051
16] 2.732051
17| 2.732051
18] 2.732051
19| 2.732051
20[ 2.732051
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Homework

R ch ’ 3 ; y Find the total capacitance
1 1 b Method #1

C.=C|C=C+C,
(C+C)C,  CC,+C,C,
CC+C,+C, C+C,+C,
CCHCG | o _CGHGO+CE GG +GE,
C, +C,+C, C, +C,+C,
C,=C,=C=1f;C,=C,=5f=5C

_CP+5C*+5C* +25C* +5C* 41

C. = =—(C=5.86
ab 7C 7 f

C,=C, &C

C,=C,|C, =
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Homework

C3

) . ; o Find the total capacitance
l b Method #2

C =C,=C=1f,C,=C, =5f
C.=C|C,=1+5=06f

1
C :Cx<:>c3: CXC3 :(6) :Qf
’ c+C, 7 7

c,=C,|C, =§+s=%:s.86f
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Homework

Q

Find and plot the impedance Z ,(jw) as a
L=1 function of w

b 1000 - T2
Magnitude /

= Phase Angle

500 - +1

Ohms
Radians

, . , 1 2 1, , 4 L 1
Zy(j@) =Rt ——+ joL =R+ j(0L =—2) =\ [R’ + (0L -—) Ltan 0o -——
(J@) o J( ol \/ (@L-—7) (0 ——rr)

\/R2+(27sz——f) 4tan"(27zf—— ! )
2z

R 27fRC

f—>0Z,(jo)= \/R2+(27sz—7) Ztan*‘(27sz—2 fRC)—)OOL_% 1000 J

Looks like a Capacitor

1 1
= —=0.159;Z R +Qrfl———) " Ltan'Qrf=- RZ0=120
fzm/— > b(Jw)\/ +QrfL f> tan(frfszRC)
Looks like a Resistor
ooz, (jo)= \/R2+(27rfL——f) Ltan’](27sz—2 JIIRC)—M)OA%
Looks like an Inductor
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Matlab Code

clear all;
L=1;C=1;R=1;C=1;

omega=(.01:.01:100);maxomega=Ilength(omega);

for i=1:maxomega
ZL=complex(0,omega(1)*L);
ZC=1/complex(0,(omega(i)*C));
z(1)=R+ZL+ZC;

end

f=omega/(2*pi);

subplot(2,1,1);

semilogx(f,abs(z));

title("Series RLC Magnitude');

xlabel("Hz");

axis([f(1) f(maxomega) 0 20]);

subplot(2,1,2);

semilogx(f,atan2(imag(z),real(z)));

axis([f(1) f(maxomega) -2 2]);

title("Series RLC Phase Angle');

xlabel('"Hz");

Series RLC Magnitude
20— T

15

10+

| 1 R R S B | 1 1 [ | 1 R R S R |
107 10" 10° 10"

Hz
Series RLC Phase Angle

[ ! I R R ! ! [ ! Lo |
107 10” 10° 10"
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Homework

= a
Find and plot the impedance Z ,(jw) as a
L= C=1 £ . £ ¢
—— R=] unction of w
b 1 2
e Magnitude
0.8 4 ——Phase Angle 115
0.6
L1
0.4
Z,(jo)= : = ! = ! Z—tan"'(wRC —L) 024 {05
1+ja)C+ ! 1+j(a>C 1) \/(1)2+(C 1)2 a)£ g g
- 7 5 - — wC—— E o : : : : : . o £
R JjoL R oL R ()8 R o (001 0.001 0.01 o1\ 1 10 100 100 &
= t 0.5
00,7, (jo) == ! — /- tan™ (wRC —LL) N 04% 04 1
) +(@C—-—) 0.6 B
\/(R) (o a)L) R 115
-0.8 4
Looks like an inductor ; |,
1 ) 4 1
w=——=1;=0159%Z , (jo)= /—tan” (woRC———)=R/0=1£0
Jic A »(J©) . . ( I )
(P +(@C— ) @
R wL R
Looks like a resistor
o—>0,Z,(jo)= ! L—tan’l(a)RC—L)%Oé—E
G ee- Ly o ?
R oL R
Looks like a Capacitor
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clear all;
L=1;C=1;R=1;C=1,;

Matlab Code

omega=(.01:.01:100);maxomega=length(omega);

for i=1:maxomega
ZL=complex(0,omega(i)*L);
ZC=1/complex(0,(omega(1)*C));
z(i)=1/(1/R+1/ZL+1/ZC);

end

f=omega/(2*pi);

subplot(2,1,1);

semilogx(f,abs(z));

title('"Parallel RLC Magnitude');

xlabel("Hz');

axis([f(1) f(maxomega) 0 2]);

subplot(2,1,2);

semilogx(f,atan2(imag(z),real(z)));

title('"Parallel RLC Phase Angle');

xlabel("Hz');

axis([f(1) f(maxomega) -2 2]);

Parallel RLC Magnitude
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Homework

R1 R2
MWV l MV ‘[ a
1k 5k
o - Find and plot the impedance Z ,(jw) as a
I n I 5n function of w
b
Let's define:
Rl = Zl =1k =R;R2 = Z3 =5k :SR; 7 (]a)) R1 + Rz +jCOR2R1C1
1 1 1 1 1 1 ab = . .
= = = i Z, = = = ; C,(R +R,+ joR,RC))+1+ joR C
P joC,  jwl0”  joC Tt joC,  jw510°  jo5C JOC, (R + Ry + joo 2 ) JOT
2,(j0) =212, = 2)| Z, - RARAJORRG
o] 1-@’R,RC,C, + jo[C,(R +R,)+RC,]
oo L
Z1z = JoG _ R 6R+ jwSR*C 6x10° + jw5x107
1 2= - R = =
R +% 1+ joRC, 1—(w5RC)* + jo31RC  1—(@5%107°)* + jew31x10™°
JoL,
; 36x10° +®°25%x107° L @5%107 L. @31x107°
212, & 2, =— R R JoRC) = J an” (———)—tan " [——————]}
1+ joRC, 1+ joRC, \/[1—(a)5><10’6)2]2+a)2961><10"2 6x10 1-(05%107)
_R+R + joR,RC,
1+ joR C
R +R, + joR,RC, o 1
S B 1+ joRC, joC,
Zab(‘]a))_(Z]HZZQZ})HZA‘_R1+R2+ja)R2R1C1+ 1
1+ joR C, joC,
R +R,+ joR,RC,
_ JjoC,(1+ joRC))
"~ joC,(R + R, + joR,RC,)+1+ joRC,
JjoC,(1+ joR,C)) .
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Homework

R1 R2
M\ < M\ -
1k 1 5k 1 a
C1 Cc2
T 1n T 5n
R +R + joRRC - - b
Z,(jo)=— 2t K HJORRC,
1-@*RRC,C,+ jo[C,(R +R)+RC|]
J36x10° + @*25%10° L @5x107 L @31x10°
= an” (———)—tan [—————}
J1=(@5%10°) T + ©2961x 10 6x10 1-(@5%107)
[ 6
0=0,Z, (jo)= V36 X107 Z{tan™'(0)—tan"'[0]} =6 x10° £0 1.E-02 1.E+00 1.E+02 1.E+04 1.E+06 1.E+08
“ [[1]2 7.E+03 : . ﬁ\ ! 0.0
iwR RC j - -0.2
o> Z (jo)—> cho ARG, - J o,z 6.E+03 0
—0"R,RCC, ~0,C, 2 \ - _0.4
R+R+) R RRC 5.E+03 \ 0k
1 1 JRRCC, 1 -
0=—"——Z (jo)= 4.E+03 08
RRCC ! . 1 e Mag :
27172 +j—7—[C,(R+R)+RC|]
RR.CC, 3.E+03 e Angle - -1.0
1 1 - -12
(R+R) + (RRC,) ———RRC 2E+03 '
:\/ ’ RR,CC Y Ltan_l( RRCC, )_Z - 14
S [C,(R +R)+RC] Rrke 2 e \ oy
R'IRZCICZ .
=981./0.88 0.E+00 T T T T -1.8
1.E-02 1.E+00 1.E+02 1.E+04 1.E+06 1.E+08
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Matlab Code

clear all;

R1=1e3;Cl=1e-9;R2=5¢e3;C2=5¢-9;
omega=(100:1000:10"7);maxomega=length(omega);
for i=1:maxomega

RCLadder Magnitude

zCl=1/complex(0,omega(1)*C1);
zC2=1/complex(0,omega(1)*C2); 6000
z1(1)=1/(1/R1+1/zC1);

22(iy=21(1)+R2: 00
z(1)=1/(1/22(1)+1/zC2); 2000~
end ol
f=omega/(2*pi); 10°
subplot(2,1,1);
semilogx(f,abs(z)); 2
title('(RCLadder Magnitude'); 10
xlabel("Hz'); o
axis([f(1) f(maxomega) 0 7500]);
subplot(2,1,2); -
semilogx(f,atan2(1mag(z),real(z))); s L T
title('RCLadder Phase Angle"); 10 10 oy 10
xlabel("Hz');

axis([f(1) f(maxomega) -2 2]);
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