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Model of Electric Circuits

= The basic equations of electric

circuits are the Kirchhoff’'s laws

= Kirchhoff’s current law (KCL):

The algebraic sum of the currents leaving a node

The algebraic sum of the currents entering that node

= Kirchhoff’'s voltage law (KVL):

The algebraic sum of all voltages taken around
a closed path in a circuit is zero
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Example 2.8 the Bridged Tee Circuit Feretirian © 2070

® Bridged Tee Circuit = Model (Equations of Motion)

« Select node 4 as the reference

e v1, V2, v3 as the unknowns

.« ByKVL, vi=uy;

- Atnode 2, the KCL is — |

 Atnode 3, the KCL is v3 T Y2 + C d(vz — v1) — 0
2
Ro> dt

« Transfer function from input vi tooutput vo can be derived
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Example 2.9 a Circuit with a Current Source Feng.Li Lian © 2020

® Circuit with a current source

« We also have the relations

_ vy . dvq
13 =—, 11 = (C1—,
3= g 1 1

dvo Vo
10 = Co—=, ig = ——,
2 20 4= R,
di
’U]_—’U2=L—L

dt’

= Model (Equations of Motion)

Select node 4 as the reference
v1, v2, t7, as the unknowns

At node 1, the KCL Is
i(t) =i3+1i1 4+ i
At node 2, the KCL Is

i =12+ 14

) v1 dvq ,
t)y=—+C1——+ 15,
%( ) Rq 1 dt ‘L

_ dvy . vo
= C
'L th +R2
di
U1==‘L7;?—FQQ
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Example 2.10 Operational Amplifier Summer Feng-Li Lian © 2020
® Simplified circuit of op-amp ® op-amp schematic symbol
i I
v_ v Oj:_
i._ Rl v, Gi‘f' Vg
o £

(b)

(a)

® Assume connectedto ground, v =0 - D—[>—©vo

(c)

® Assume ideal op-amp, 1 = o0, Rg =0, A= o0

i+=i_=0, ’U_|_—"U_=O
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® The op-amp summer

® From vy —v— =0 we have v— =0

. (% v2 . Vout
® Thus, 1 =—- 2= 7, tout =
Ry R Ry
. . . : . vl , V2 | Yout
® From iy =14 =0, wehave %1+ 2+ iout =0, +-=4+-==0

Ry Ry ' Ry

= Model (Equations of Motion)

R
Vout = — [_f,vl -+ —foQ] (Output is the weighted sum of input voltages)
Ry Ro



Example 2.11 Integrator Feng.Li Liah ® 2020

® The op-amp integrator

C ; Lin + tout = 0

| =

|

Vin dvout .
Uin Uﬁr!f Rzn + dt _ 0
Re'u
= Model (Equations of Motion)
L [ i ()dr + vou(0)
v = —— Vin(T)dT + v
out Rinc 0 m out
= Transfer Function
1%71(3)

Vout(s) — _g R C
n

(Assume zero initial condition)
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Summary of Through- and Across-Variables for Physical Systems Feng.Li Lian © 2020

= Table 2.1 ([Dorf, Bishop 2017])

Variable Integrated Variable Integrated
Through Through- Across Across-
System Element Variable Element Variable
Electrical Current, i Charge, g Voltage Flux linkage, Ay,
difference, v,
Mechanical Forece, F Translational Velocity Displacement
translational momentum, P difference, v, difference, y,
Mechanical Torque, T Angular Angular velocity Angular
rotational momentum, A difference, w,, displacement
difference, 6,;
Fluid Fluid Volume, V Pressure Pressure
volumetric rate difference, P momentum, Yy,
of flow, QO
Thermal Heat flow Heat energy, Temperature

rate, g

H

difference, 75,
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Summary of Governing Differential Equations for Ideal Elements Feng.Li Lian © 2020

= Table 2.2-1 ([Dorf, Bishop 2017])

Type of Physical Governing Energy E or
Element Element Equation Power % Symbol
di 1 =
[ Electrical inductance Vy = Ld—; E = EUZ v, om:—ovl
1 dF G
Translational spring Vy = X E = Lt ” M
; k dt 2 k g F
Inductive storage j
; , 1dT Y i k
Rotational sprin = —— —— %1
pring Wil = oo E >k Wy LYY Y oy
e dQ 1 I o
| Fluid inertia B, = ]E E = EIQ2 Pyol Y Y Y 56 p,
- l i ||C
= Table 2.2-2 Electrical capacitance = ”;121 = %CU')] 'U:o—L—| r—ovl
¢
{' O | o
Translational mass = M - lMUzz ¥ v, . v =
dt 2 ) constant
C iti t 3 l 1 o
APREERSSTRE Rotational mass T= J( i = ~Jw,’ 2 1 -
dt 2 ) constant
1 i
Fluid capacitance 0= Cf(dtzl = %C,le7 Q P, Py
17 _ 4
. Thermal capacitance q = i = GJ, T, 2 T, =

Ldt

constant
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Summary of Governing Differential Equations for Ideal Elements Feng.Li Lian © 2020

= Table 2.2-3 ([Dorf, Bishop 2017])

Type of Physical Governing Energy E or
Element Element Equation Power Symbol
s ]_ 1 1
Electrical resistance i = E'vu P = Evzlz v, o—/\/{f/\,—i—om
Translational damper F = bvy, P = bvy? F 4;3—[!9_0 v,
Energy dissipators 4 Rotational damper T = bw,y, P = bwy? T —>o— 7o
. . I 1 ap — 1 2 Rf Q
Fluid resistance Q= Eszl P = Eszl Py AN/ 3
. 1 1 R ¢
Thermal resistance q = =9y P =—=T T, oA N——0 T,




