Introduction to Electric Circuit Chap 1 Fundamental Concepts

Chap 1 Fundamental Concepts

1.1 Sl Units and Prefixes

SI Units
Quantity Unit Symbol Derived unit
length meter m
mass kilogram kg
time second s
current ampere A
voltage volt \% kg -m2-Al-s3
power watt w kg -m?-s3
energy joule J kg -m?2-s2
charge coulomb C A-s
resistance ohm Q kg-m2-A=2-g73
conductance siemens S A?-s3-kg!l-m?
capacitance farad F A?-si-kgl-m?
inductance henry H kg -m2-A2-s2
requency hertz Hz s!

FOARN RS AR R L F - el R A ke e

* P EE v ﬁa;z%mvhf:fmz VT ~ QV - %cv? : %leiﬁf o 3

SI Prefix G M k m 1} n p

1o 10° 10° 10° 1073 1076 107° 107+

Example: R =22x10%Q = 22kQ
L =0.3x1073H = 0.3mH
C = 4.7x10°°F = 4.7uF
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1.2 Field Sources and Fields

Electric field Magnetic field
Field Sources
Static | Time-Varying Static Time-Varying
Stationary |
Charge
Moving [
Direct |
Current
Alternating n
Electromagnetic wave | |

magnetic field

electric field

BRRE'S

\
—— current
/

cross section

£ 4 Fn=mg T4 Fe=qE %+ Fs=quxB
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1.3 Electric Charges and Current

. The free charges in an electric wire are electrons, e =-1.602x10™°C.
. The electrons are driven to move by electric field and form a current.
. The current I through the cross section of an electric wire is defined as
49
1.3-1 | =— [CIs
(1.3-1) TR

where Aq is the charge through a cross section in a time period At.

. Instantaneous current
. Aq  q(t+dt)-q dg(t
32 0= ( dz (w ) i)
dt—0
On the other hand,

@33)  q(t)=[ i(r)dr=q(t,)+[ i(r)dz, q(t)=["i(r)dz

*  Averagecurrentin teft,t,]

1 6.
134 = [
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E) ’uﬁmﬂawﬁr—r’"f'&i FA A R HULFE R AR B

\‘73
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Example: (1) If x(t)=q(t)[nC], determine i(t).
(2) If x(t)=i(t)[mA], determine q(t).
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1.4 Voltage and Power

. A charge g moving from P, to P, consumes electric work
(1.4-1) w=q(V,-V,)=qv [J]
where V, and V, arethe potentialsat P, and P, and v=V,-V, isthe

voltage between P, and P,.

® Instantaneous power

(142)  p(t)= d";gt) _ dd‘;"g)) d?jit) —v(b)i(t) [W,Js]

= W(t):W(to)+J.

fo

*  Average power in te(t,t,]

wag o, - )owlt) 1 [“p(r)dr

e tz_tl ) t2_tl
* Passive Sign Convention (PSC)

i(f) + W) -

— —

AR RIRIMS 2 B TR V)AL f 4T 0 ELE
fe £ 5 4 @4f PSC #1i 2 ehi(t)er v(t)
HA A pO=vOi(t) ] Eij 422 ki A2 b oo

o BHRT o FABURR > &% HT RS LIRS L PSC £ 7 -

Example: Consider a component in an electric circuit. If v(t)=3sin(zt/3) and
i(t)=4cos(xt/3), determine the instantaneous power p(t) and the

average power P, for 0<t<1.

avg
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1.5 Kirchhoff’s Laws

. KVL: Kirchhoff’s voltage law
KCL: Kirchhoff’s current law

. A lumped circuit is constructed by lumped components with dimension much

less than the wavelength of electric waves.

— — lumped circuit

. A loop with n components in series
KVL: D> v, =0
k=1
where v, is the voltage across the k-th component.

. A node with m components connecting to it

KCL: iik =0

k=1

where i, is the current through the k-th component away(or into) the node.

Example: Write KVL for the loops to
and KCL for the nodes @) to ®.
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1.6 Conservation of Energy

e The law of conservation of energy

(1.6-1) kzr:‘wk ZI p(7)dz = irka (7)i(r)dr =0

k=1

which implies
(1.6-2) gwk(t) J(ka ]d’_f—w[zpk ]

* The total power is also conserved

(16-3) kz b (t)= v, (t)i, (1) =0

k=1
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1.7 ldeal Sources

. Independent voltage/current sources

+ is(1) I

BOREEE A OB

. Dependent Sources

| 4-:_ fs
+ ! 1
' ng:
VCCS
I-.‘JC 1 ) i+ f_x 1 ) 1 i;S
! Fioo : pi. |
IS L
CCVS CCCS

VCVS: \oltage-Controlled Voltage Source
VCCS: \oltage-Controlled Current Source
CCVS: Current-Controlled Voltage Source
CCCS: Current-Controlled Current Source

Example: BJT Transistor, CCCS

O

e =]
=]
Te o
Ll e e
no|plTn
emitter base collector

e
19,
¢

1O
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1.8 Resistors

Nonlinear Resistor

l linear region i

| -+ - - +| \\_\ :

+ v - ]
e y 2

Linear Resistor

e Slope 1/R

Resistance
(1.8-1) R= pl [Q]
A
p . resistivity, A:crossarea, |:length

Ohm’s Law
(1.8-2)  v(t)=R-it) or i(t)=G-v(t)

where G =R™[S] is called the conductance.

Power dissipated in resistor

@s4) () =iOv)=riE ()= w

(1.8-5)  p(t)=i(t)v(t)=Gv*(t)=—= [W]

Open circuit and Short circuit

Chap 1 Fundamental Concepts
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1.9 Resistors in Series and parallel

1.9.1 Resistors in Series

R R I R, R,
TVvi— - + Va— -
1

v v
Y )
" U

. Mathematic model
(1.9.1-1)  i(t)=i,(t)=--=i (t)=i(t)
(1.9.1-2) v (t)=Ri (t)=Rii(t)

KVL: V(t) =V (t)+V, () +-+Vv, (1) =(R+R,+---+R))i(t) = Rii(t)

BRSO B

" R+R+-+R, R

S

= v (t)= Rki(t):%v(t)

S

. Equivalent resistance
(1.9.1-3) R, =R+R,+---+R,

. Practical voltage source

voltage source

1-9



Introduction to Electric Circuit

1.9.2 Resistors in Parallel

Chap 1 Fundamental Concepts

i + %Gl G G. +
G,
O J2 E
. Mathematic model
(1.9.2-1) v (t)=v,(t)=--=v,(t)=V(t)
(1.9.2-2) i (t)=Gv, (t)=Gv(t)
KCL: i(t) =i (t)+i,(t)+---+i,(t) = (G, +G, +--+G, )v(t) =G, v(t)
SRS [ B [
G+G,+---+G, G
= i, (1) =G (t)=2xi(t)
GP
. Equivalent conductance
(1.9.2-3) G,=G,+G,+---+G, or —=—+—+--+Ri

. Practical current source

current source

(1.9.2-4) i(t)= i (t), g<G
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Example: Determine the equivalent resistance R,

40 50 10
o AW AW AMA—
Req
VMWW 6Q 20
e L
20
0 AW

Example: Determine the voltage v,.
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1.10 Capacitors

. Linear capacitor

Ve P C ——ve

(1.10-1)  q(t)=Cv(t)

. Capacitance

(1.10-2) C=g§ [F, CIV]

¢ dielectric coefficient, A: plate area, d : distance
¢ Component equations (=~ i = f23%)

o dve(t)
(1.10-3) |C(t)_c:T

110-4)  ve(t)==[ e (F)dr=ve(t)+ = [ ic(r)de

where v (to):éjt° i (r)dz.

. Continuity of capacitor’s voltage
(1.10-5) vt )=ve(t)=vc(t")
. Stored power and energy

(1.10-6)  pc(t)
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(1.10-7)  we(t)=]
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1.11 Capacitors in Series and Parallel

1.11.1 Capacitors in Series

G (&) i C. C i
| =] I
+vi—  +wv- + vV, —
vV v
) )
DY \_J

. Mathematic model

(1.11.1-1) v(t):vl(t)+v2(t)+-~+vn(t):kzn;vk(t)

(111.1-2) Vk(t)zcij‘twl(r)dT—Vk(to)+— “i(r)dr
KVL v()=Y [ i(r)dr

. Equivalent capacitance

1111-3) -1 1,
c. c ¢ C

S

-1
(111.1-4) C, = [i PR LJ
Cl
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1.11.2 Capacitors in Parallel

EGD ,_.ll — i::l l:

5
@

||§3
+
p

. Mathematic model

n

(1.11.2-1) i) =i (t)+i,(t)+-+i, () =D i (t)

k=1
(1.11.2-2) i (t)=C, aviy)
dt
ket i)=30, M- crc,hnic) M e, M
k=1

. Equivalent capacitance

(111-9) C,=C+C,+---+C,

Example: If C=4.7uF, then
(1) determine i. (t) for x(t)=v.(t) [V].
(2) determine v, (t) for x(t)=i.(t) [A]
x(f)
10 |

0.5

0 / NI
1 2 3 4 6 7 8 9 10
N/ (s
—0.5

-1.0

Example:  Determine the equivalent capacitance C,,.

© | |
0.1pF

Co - —_1 —
0.6pF 0.3pF
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1.12

Chap 1 Fundamental Concepts

Inductors

Linear inductor

ir = ir
AN 4
LT .
Vi ‘,\:\T%}}? L%Vz
d(Ndg (t
(1.12-1) v (t)= (N4 (1)
dt
Inductance

] N4 (1)
(1.12-2) L_—iL(t) [H]

N : the number of coils.

Component equation (= i = £7.3%)

(1.12-3) v, (t)= L%t(t)
@12-4) i ()= w(R)dr=i(6)+ L[ v ()de

where i (t,) =%.[_t° v (r)dz.

Continuity of inductor’s current
i (t)=i0)=i)

Stored power and energy

(1.12-5)

(L.12-6) pJU:vJQHQ)z(Lmiwjha):%{%LﬁaU
(1.12-7) WJUzEpJﬂdr=—Lﬁﬂi1:%uﬂ0_lUﬂ%)
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1.13 Inductors in Series and Parallel

1.13.1 Inductors in Series

L] L2 f Ln LS l
+ v — + V2 — + v, —
v
() ()
N\ \/

. Mathematic model

(1.13.1-1)  v(t)=v,(t)+ v, (t)+---+v,(t)

Il
g
<

=
—
~

] _ . di)
(1.13.1-2) v, (t)=L, "

_ S, i) di(t) , di(t)
KVL: v(t)= LKT_(L1+L2+---+LH)T_L—

k=1

. Equivalent inductance

(1.13-4) Ly=L+L,+---+L,

1.13.2 Inductors in Series

. Mathematic model
(L132-1) i(t)=i,(0)+ ip0)+ - +i,(0)= i, ()

k=1

(11322) i, (t) =] v(r)dr=i, (t0)+Li "v(r)dr
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KCL:  i(t)=Y"=[ v(r)dr

. Equivalent inductance

(1.13-8) Li:i+i+...+i

(1.13-9) L, :(i+i+---+i]
L,

Example: If L=0.3mH, then
(1) determine i  (t) for x(t)=v_(t) [VI.
(2) determine v, (t) for x(t)=i_(t) [Al

x(1)

1ot

0.5
0 / \ V-
1 2 3 4 3 6 7 8 9 10
\/ 1s]
—0.5

-1.0

Example: Determine the equivalent inductance L., .

0.4mH

0.3 mH

0.3 mH 0.6 mH
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