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Méthode nodale modifiée

1. Choix d’un noeud de référence

2. Définir les potentiels des autres noeuds par rapport au potentiel de référence

3. Pour chaque source de tension idéale, définir son courant comme inconnue additionnelle

4. Poser les équations de Kirchhoff des noeuds en terme des potentiels des noeuds, des courants
des sources de courant (Parameétres connus) et des courants des sources de tension (inconnus)

5. Exprimer les tension des sources idéales de tension en terme des potentiels de noeuds

Circuit a N noeuds —>

N-1 équations nodales en N-1 potentiels et M courants de sources de tension
M-1 équations supplémentaires en les potentiels de noeud exprimant les tension de source.

Le noeud de référence est arbitraire, on prendra celui qui a le plus de connexions !

Consider the circuit shown at figure 1 composed of the current-source providing the time-dependent
current /s(t ), of the two resistors with resistances Ry = 22 k), Rz = 10 kQ and of a coil-inductor with
inductance L = 22 mH. The source-current's initial-value is Isg = 15 pA and it jumps at to abruptly to its
final value lso = 55 pA.
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Figure 1: Schematic of Circuit of Exercise N2 1 on transient Behaviour

1. Determine the initial state I o of the inductor-current /,(t ) for t < t,.
2. Determine the final state |, of the inductor-current /,(t ) for t — co.
3. Determine the inductor-voltage U, (t,*) immediately after the abrupt change of source-current and the
inductor-current's slope m, at the switching-instant t,.
4. Determine the time-constant T of the circuit's settling-behaviour and represent the inductor-current
I¢(t ) graphically as function of time t on the empty chart herebelow (figure 2).
5. Represent the source-voltage Us(t ) as function of time on the empty chart herebelow (figure 3).
110 = Ry-lsg/(Ry + Ry) = 103 pA
2.1 = Rylseo/(R + Rp) = 37.8 pA
3./y(t) is continuous over time, especially atty = Is(tp") = lrilto") + lpi(to”) = lseo = Us(to")/Ry + Ip &
Us(tp*) = Ri(lsw - ILo) On the other hand one has Us(ty*) = UgaAty*) + Ui (ts*) =
Ri-(Iseo - 1L0) = RalLo + U(to”) & Uu(to™) = Ry-(Iseo - ILo)-RalLo = 880 mV  Finally
m; = Uy(to")/L = 40.0 pA/ps
4.7 = |ILe - ILol/m; = 688 ns  Alternative evaluation using equivalent resistance seen by coil-inductor:
T=L/(Ry + Ry) =688 ns See below for the graphical representation of the inductor-current (figure 4).
S.Is=Ig1+ Il = Us=Ry(lse-1;) See below for the graphical representation of the source-voltage (figure
5)-

Exercise Ne 2
Given The Circuit Shown at figure 2.a and the fime-dependent . — ]
source-voltage Us Shown at figure 2.h Us—
@) evalucte the initial state 1 4 of The inductor-currend I, and ¢
U.o 0f The autput-voltage Uy, ®,= 1000, R, = 200 1o - 5 ; i
b) evaluate the final <tate 1 of the inductor-current I, and L= 152’““ ¢ s Time of Exercise N2 1 on transient Behaviour
Us.eo 0f The outpud-voltage Uy ; Figure 2
¢) evaluate the time- dependency of the audpul-vo age Uy ancl fs fime-constant T.
Jolution
@) I,=0, Uss=0 ES EN—
) Too— Us/Ry = WA / Upo= 0V B
¢) IL()=T, 1= m=1u,(4) L'*F‘Tsz /L, 1= j“.;;} = %‘stizi)k :;ngzz‘zé . 3 |
(U~ UV/Ry= T, + U,/Ry (Kirchhoff s nedal egua fion) U 8 coamy Time of Exercise N2 1 on transient Behaviour
U/m-7 = (5 U= e U = U= U (RIR)I, Us(t)
Z/c(i;)=g%-‘05=688 MV, Y(t==)=0 ml | 1l k\\l -
to 1o Z2Ms 1



a Tension a vide Uy, et impédance interne Z,: IlabZ—jI/(anC)=2.56Vefi"/2
Zw=R,—jl(27 fC)=330Q—j362Q

b Tension a vide U et impédance interne Z.4:

U= RZ/(j?nfC) I R, 1o R, .I.ejarctan(—anRZC):1’72V_e—j0.74
Ry+1/(j2n fC) 1+j2m fR,C V1+(27 fR,C)
R
—o b Z.= 2 = 2 1—j2n fR,C)=180Q— j164Q
“T1+j2nfR,C 1+(2nfR2C)z( j27 f RC) !

Consider the circuit shown at figure 6 composed of three resistors with resistances Ry = 22 k(, R, = 10 kQ

L —o C and R; = 56 kQ and of a capacitor with capacitance C = 1.0 nF.
I R1 1. Evaluate the circuit's resistance Rugo and reactance X, (the real and imaginary part of its impedance)
between the terminals A and B in the case where the frequency f tends towards zero.
C :: R 2. Evaluate the circuit's resistance Rup and reactance Xag (the real and imaginary part of its
2 impedance) between the terminals A and B in the case where the frequency f tends towards infinity.

3. Evaluate the circuit's resistance Rag(fs) and its reactance Xag(fs) at frequency f; = 10 kHz.
4. Assuming that the voltage between terminals A and B is a cosine alternating signal with frequency
— d f; = 10 kHz and RMS-voltage of Uyg = 2 V, determine the active power P dissipated inside the two-
terminal-device between terminals A and B.

A
Consider the circuit shown at figure 7 composed of two capacitors with capacitances C; = 1.0 nF and ?1
C; = 560 pF, of a resistor with resistance R = 330 kQ2 and of an ideal voltage-source with complex RMS-
voltage U; = 1 V. I-JM Ri
R C
/1_ 2 2
C, Bo— 1
q U, G R U« Figure 6: Schematic of Circuit of Exercise
N2 2 on complex Representation of AC-
Circuits
< 1. Rago = R3ll(Ry + R = Ry:(Ry + R)/(Ry + Ry + R3) = 204 kQ  Xppp=00Q
2. Rage = R3||R1 = R1R3/(R1 + R3) = 38.5kQ Xpge =0 Q
3. The derivation of the frequency-dependent expression of the impedance Zag is shown below. The following
Figure 7: Schematic of Circuit of Exercise numerical values are obtained for the equivalent resistance R = 20.4 kQ for the zero-frequency
N2 3 on complex Transfer-Functions f;=23.1kHz and for the pole-frequency f, = 18.0 kHz The following numerical values are obtained for th
circuit’s resistance Rag = 19.3 kQ  for its reactance Xag = -1.94 kQ and for the modulus of its impedance
1. Establish the equations of the circuit of figure 7 according to the method of nodal-potential-analysis |Zagl = 19.4 kQ
with the potentials V; and V; of nodes N2 1 and 2 as unknowns. If you have to introduce additional 4. The derivation of the active power dissipated inside the circuit is shown below. The following numerical value

unknowns, specify and indicated them on the schematic of figure 7.
2. Determine the expression of the transfer-function U,/U, specify and evaluate its characteristic
frequendies and represent its level and phase on the corresponding charts hereafter (figures 10 and

is obtained for said active power P = 205 uW

Starting-point is the series-parallel-connection of impedances that yield the overall impedance:

1D.
Rs Zpc . Rp /(i2mfC) 1+j2mf(Ry IR2)C
Zpyg =50 — th Zpc =R —— = (R R) ————
The following circuit-equations are obtained by applying the nodal-potential-analysis: SAB T R3+Zpc wi “RC 1t Ry +1/(j2mfC) (R +R;) 1+j2mR,C
L+iznfc,(V,-v,)=0 Node 1 Zyg = RRBJ((R”RZ)[H"Z."KR‘ : RZ)C]/(“iZ."fRZC)
3 +(Ry +Ry)[1+j2m f(Ry 1R,)C]/ (1+j2m FR,C)
j2mf €y (V) —V,) =V, /R—j2m fC,V, = 0 Node 2 \ 14jmsRy IR irft,
v, =1 Ideal Voltage-Source Zps = [R3 IRy + R2)11+j21(f[R2 I(Ry+Rg)lc 1 1+jf/fp
Ry =Ry | (R, +R f=—t [ ——
The transfer-function may be derived from the circuit-equations found above and identifying V> = U, or by using n =Rz Il (Ry 2) Z " 2m(R, IRp)C P~ 2nfR, I(Ry +R3)]C
ad-hoc impedance-simplification. The derivation shown hereafter starts from the formula of the voltage-divider
and subsequently brings the expression in a more usable form. This result is further developped to find the frequency-dependent expressions of resistance and reactance and of
R/(2mfCp) the impedance’s modulus:
Uo _ RI[1/G2n s C)] _ R¥1/(2nfCy)
SV T U o1/Gemrep+RI[L/Gensfc)] T 4 R/(2nf Cp)
i 1 2 1/(Jzu/c:)+n+:/(jznfc2) . (1+jf/fz)(1'jf/fp) B “’fz/(fzfp) ) f(l/fz‘l/fp)
Ay = ——Rl@iznsRGy) _ _i2nfRC1/(1+j2nf REy) £aB T R (/) =Fn 1+ (/)2 1Rn 17 )
=V T 1/(2nfCy)+R/(1+j2nfRC;)  1+j2mfRCy /(1+j2nf RCz)
A RUIRG /i _— 1472/ (Efp)
=V T i+4j2nfR(C;+Co)  1+f/fpy AB I 1+(f/fp)2
. —_1 -t
with fo = 7mrey o1 = R 1/62-1/%p)

Xoin =
AB T 1+ (r/gp)®

2
’ i/l _ o SO0

Zagl = Ryiml =
|Zasg| T 1+ir /Rl "J1+(f/fp)2

For the active power, the developement is shown hereafter:

2

U cos[ar (Z, )]

-0 - . . — UaB 8(ZaB
P=U,g - Iyg - cosp = 7|ZAB|

. R, .

Using cos[arg(ZAB)] = ﬁ it becomes
60 ZaB
10? 10° 10 10°
f(H2) _ U2gRap

1Zasl



