Lecture -1

Introduction



Rules of e

In(e*) = x

In(ab) = In(a) + In(b)

% = In(a) — In(b)

(<)



Derivation

f(x) f(x)

X.V X’.V+ V' .X

e* e*
ef(x) (%) o f (%)
In(x) 1

X
sIn(x) cOs(X)
cos(X) - s1n(X)
sin(u(x)) u’(x) cos(u(x))

cos(u(x))

- u’(x) sin(u(x))




Integration

f(x)
1 In(x)
be
sin(x) cos(X)
cos(ax) sin(ax)
a
e* e*
o OX 0 QX
a
= - In(a+b
a + bx b n(a + bx)




The International System of Units
(SD)

Quantity Basic Unit Symbol
) >\ Length meter m
&l 2\ Mass kilogram kg
V.4 Time second S
; e\ i

o4 ?3\,.;;" Electric current ampere A
" odr5> Thermodynamic kelvin K

0, Ve Temperature
,, .+~ Luminous intensity candela cd
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/" Derived Units in SI (1)

o/

n |

Quantity Unit name (Symbol) Formula Formula
(units)
< ! - L -1 =
PS5 Frequency = ey Hertz (Hz) = S f=1/t
_ ;J‘ Force  _ newton (N) Kg.m/s? F=m.a
£ M\ X oA
_ Energy or work joules (J) N.m W=F.s
\ﬂb“ n..st-g—z\x o) = =(jaty JQ-’P K9 m2/s?
= Power w'7 watt (W) J/s P = W/At
WP =S = el kamz/s?
P! Electric charge Coulomb (C) A.s Q=I.t
RPN\ X ey = alss)y CNeS SN » ki
Electric potential volt (V) J/IC V= W/Q
o LAFUL ) TAs” CTPS A |laanh = yion
Electric resistance ohm (Q2) V/A R =V/
as LA, a0l oV PPN S %) = Saslasy

AT



Derived Units 1n SI (2)

Quantity Unit name (Symbol) Formula Formula
AWt . (umits)
Electric conductance siemens (S) AV G=1I/V
G -;"J':/J"_"bl v'% s Al =
Electric capacitance ' farad (F) . C/V C=Q/NV
~ _AI,)-“E\) \ea_\\ - :-/t;"/f,.\,.s nc ™, = -2"‘.‘._-', =
2 Magnitic flux _~ >weber (Wb) - B=V.s
oot (53! S Tam?2
Inductance Henry (H) Wb/A L =B/
o P 2P /o2

—

10




Standardized Pretixes to Signify Power of 10

Prefix Symbol | Power
atto a 10-18
femto f 1015
pico p 1012
nano n 10
micro m 106
milli m 1073
centi C 102
Deci d 10-1
deka da 10
hecto h 102
kilo k 10%
mega M 10°
giga G 10°
tera T 1012 11




Electric Circuit

Mo

.

 An electric circuit 1s an interconnection of electrical elements.




Sy A

\
Voltage v (7°1&) V

}-'-‘“)Q U,D) {))5/ (PN b:).._ﬂ&‘g m_ﬂ‘&\mwmf ;-v“

The voltage across a circuit element is the energy

absorbed or

produced as a unit charge moves through the element.

*

Analogous to pressure in a hydraulic system.

Sometimes called potentialvdifference which is a
potential between two points.

Voltage pushes charge in one direction.

\¢c——P

measure of

uo‘\) 06%" .:.-\-fh—J. 4 I&:;";’ v—'\;\

We use polarity (+ and — on batteries) to indicate which

direction the charge is being pushed

where Z N
d_CU v= voltage in volts (V)

V= dq w= energy 1n joules (J)

\&H‘UWU\S M.AJ alS]

00_70\5‘“3

q= charge in coulombs (C) 12



Li‘f/"%"@ Current ( (Amperes) A

* Electric current is the flow of charge. It is measured in
amperes (A). (s Io Uv» o, o e = Sl
« [TA=1Cls] LY 2.0 ¢ ¢S

: o C
<~ Direct current (DC): current remains constant. JUVL -

(o

39 Alternating current (AC): current varies sinusoidally with
27" fime.

* The charge transferred between time £, and ¢1s (g = _fidt

o

i where
= @ 1= current in amperes (A)
"y At g= charge in coulombs (C)

t= time 1n seconds(s) .



9 =

a)

b)

1

0

det = Sf dt

. Example 1

5] =[5k

No charge exists at the upper terminal of the element in the figure
for t<0. At t=0, a 5A current begins to follow into the upper
terminal.

Derive the expression for the charge accumulating at the upper
terminal of the element for t>0.

If the current 1s stopped after 10 seconds, how much charge has g

accumulated at the upper terminal? q = ‘( 5de= 5 2‘,7
Given . = 5 (o)
‘ I [ =5
=i =T
t ° v
q(t)=j5dt=[5t]=5tC - 2
0

g (10) =5(10)=50 C

14



The 1deal basic element

 An ideal basic element has three attributes:

— 1t has only two terminals, which are points of connection to

other circuit components.

— 1t 1s described mathematically in terms of current and/or

voltage.
—
— 1t cannot be subdivided into other elements.
. A -
C
] Q-.; L:P ;! ’ = ;
+ 1 -
v P%C, :‘=P =
B 2 o o —&—
v

PSc=|=-

Db g




PSC el I U psl

Passive sign convention

- 2o B am a2sp (LN G G S cfS oA o> 2

* Passive Sign Convention (PSC): Whenever the reference
direction for the current in an element 1s in the direction of the
reference voltage drop_across the element, use a positive sign in
any expression that relates the voltage to the current. Otherwise,
use a negative sign. (current enters the positive terminal of an
element).

: C. * ., T
* Most two-terminal circuit elements (e.g. batteries, light bulbs,
rdsistors, swifches) are characterised by a single equation that relates
voltage to current:

V= T PCO N —
v==/f(i) or i=t g(v +
-1 gly) (yori=tgv)  *
- 2
* The PSC determines the sign of the relationship
— If PSC is satisfied: v= £(1) or1 = g(v) PSc rs

— If PSC is not satisfied: v=-£(1) ori1=- g(v) SM-s jreds



power= I/S — ak
o2\ Power  [Power=:\c

U3\ X "’éj -_-_o/._,.s‘M
* Power: time rate of expending or absorbing energy, denoted
by p. S, 3GV JI AT pr P Ot

* Circuit elements that absorb power have a positive value of p.

* Circuit elements that produce power have a negative value of

p- <A
G:;\L-\\ ~ — d_w ; p::lgﬂh=
Wyl dt ~— i~
where:

p= power in watts (W=J/s)
w= energy 1n joules (J)

t= time 1n seconds (s) 17



Algebraic sign of power

* If we use the passive sign convention, (p=vi) is correct if the
reference direction for the current i1s in the direction of the

reference voltage drop across the terminals. Otherwise, (p=vi)
-*.

must be written with a minus sign. < B ;
g

 The algebraic sign of power is based on charge movement
through voltage drops and rises. As positive charges move
through a drop in voltage, they lose energy, and as they move

through a rise in Voltage they galn energy.

(2 Ce g ) * 5, ) GK-SL' S >
* If the power 1s negative (that is, if p < 0), power 1s being

delivered to the circuit inside the box. If the power 1s positive
(that 1s, if p > 0), power is being extracted from the circuit

inside the box. P=-iv Q__,xb Za
P =N quﬂ\'\/—”




Algebraic sign of power

+——— Lo+ 1 = o1
! v _
~ °2 - ———1e2
T (@)p =i ®p=-vi L&
! {

— °]— - °1
(2 ! x
+ .2-|- j, = ' )

s2l”  (p=-wv (d) p = vi

19



Find the power that is absorbed or supplied by the circuit elements.

D y
6V el T
et e ﬂ = +tV =20y =z 28w
ol V=2(20)- -doW
+ ? - —LV— ).‘:-
201/ 2 A QD(SV Z S
~ Fg:“(\]:— 2(6)=1\2

e —y ‘—MQ‘ 2'2; C;D\):?.)\

23 -Ho rl2 = O

Wy
- du
i dt
(o)w:{lof& ,
(J = f}odé' :J(Wc)dt
¢ Lo



Energy

19 = 5, Wi lSie, 3

Law of Conservation of Energy: the net power absorbed by a
circuit 1s equal to O.

in other words, the total energy produced in a circuit is equal
to the total energy absorbed.

Energy: capacity to do work. measured in joules (J)

!

W= Ipdt—j(Jrvz)dt
to f :”ér

If current and voltage are constant (DC),

w=jpdt= p(t—to)

20



* Find the total power developed in the circuit. P = T LV

Voltage  Current ‘ Powey v,
(V) (A) | (W)

a -18 _51.+918 |-ag T
b -18 45 +-810 | -30
c 2 6 #-12 | —12
d 20 20 =-400 | t4o6
e 16 214 |-224 | +224
f 36 31 {+1116 Bl -Cv]

+

¥

I-o}uA- - cers

-
—S

Example 2 <.

21



Example 3

* The voltage and the current at the terminals of the circuit
element in the figure are lzero for t<0) For £0 they are:

~ v=10e”M kV
b} [ = 206’50005 A P P
a) Calculate the power supplied to the element at 1 ms.

/

b) Calculate the total energy (in joules) delivered to the
circuit element. W

<




Example 3

_gocob -5oool
U=z loe kv = |600b &
-S000 t
e — 206€

~ 10600 £
ay P =<V z|20e0co ¢

- 10000 X0 00|
P.: 200 000 €

—~ 0000t
o) ui= [Pde = 2em0e (7% de
> @
w = 2oeeas £ == =2l 2e<®



Example 3

a) Since the current entering the + terminal of the voltage drop
defined for the element, we use a “+” sign in the power

equation.
p=vi=(10,000¢>000t) (2090t = 200,000e-10000t Wy,

7(0.001) = 200,000e-100000-00D) = 200,000e1° = 0.908 W
Qog

b) since w= _f pdt | to find the total power:
0

o0 o0 i ~10,000¢ 1%
0 0 ~10,000
— o

w=-20e" % —(—20e‘0)=0+20=201



Circuit elements

ol 2p9\ -
* Passive elements cannomgenera@energy Common examples

of passive elements are resistors, capacitors and ind%ctors.

Capacitors and inductors can k]‘.om_anﬂtggx but cannot generate
energy. M A — (o~
o2 57

 Active elements ganggeneratesenergy. Common examples of
active elements are power supplies, batteries, operational
amplifiers.

24



;/y_;‘loatﬂ—’

Ideal independent voltage source

» If the voltage across an_ideal voltage source can be specified
independently of any other variable in a circuit, it 1s called
an Independent voltage source.

"

 The ideal voltage source can supply unlimited amount of

current and

DOWCI.

25



R
Ideal independent current source

e If the current through an ideal current source can be specified
independently of any other variable in a circuit, it 1s called

an independent current source.
04../

 The 1deal current source can supply unlimited amount of
voltage and power.

i(t) (D/q A2

26



O Q@ g
Ideal dependent voltage source

* If the voltage across an ideal voltage source 1s determined by
some other voltage or current in a circuit, it 1s called
a dependent or controlled voltage source.

27




3ol fS o e
Ideal dependent current source

e If the current through an ideal current source 1s determined by
some other voltage or current in a circuit, it 1s called
a dependent or controlled current source.

1o Pe
P .

sv(®) 4%? v 3 120
28




Circuit symbols

(a) an ideal dependent voltage-

controlled voltage source,
NCVv S

(b) an 1deal dependent current-
controlled voltage source,
c L NC

(c) an 1deal dependent voltage-

controlled current source,
NC CS

(d) an 1deal dependent current-

controlled current source.
cclS

),,P
'\u’\s p
3 S bt
3
Ve = MU, I, = av,
PO 8

R, e S

Vs = Pl {y = Biy

(b) (d)

29



Example 4

5A

a a b

 Using the definitions of the '
ideal independent voltage and ® O o’
current sources, state which L - o

interconnections in the figure
are permissible and which

violate the constraints imposed
by the ideal sources. (s CL

% EL}

—-

(e) 30






Example 3

 Using the definitions of the
ideal independent and
dependent sources, state which
interconnections in the figure
are valid and which violate the
constraints 1mposed by the
ideal sources.

31



Example 6

* For the circuit shown,
a) What value of a is required for the interconnection to be valid?
b) For the value of a calculated in part (a), find the power associated

with the 25 V source. N = DS
(a) v,=-25V aUx = & (-25)
=15 —— I5=-a(-25)
a(-25) =-15 e
a=-15/-25 == <<?
a=0.6 A/V; ;
, Ct\k= Ay
&= 0.6 AlV 15 A v, 25V
(b) p = v*i =
p =-(25)*(-15) (PSC) P___._ N = 125 [—/‘;5)
p =375 W (375 W absorbed). P = 37s 32



Summary

* The international System of Units (SI) enables engineers to
communicate in a meaningful way about quantitative results.

* Circuit analysis is based on the variables of voltage and current.

.
* Voltage is the ougigjmpetmunitmohaige™ibreatedmbymehaige
Wtbe ST unit of vols.

v
« o Current is the ratemofschargesflowmand has the SI unit of

jamperc.

—_—

—

* The ideal basic circuit element is a two-terminal component
that cannot be subdivided; it can be described mathematically in
terms of 1ts terminal voltage and current. 33



Summary
PS<

 The passive sign convention uses a positive sign in the
expression that relates the voltage and current at the terminals
of an element when the reference direction for the current
through the element 1s in the direction of the reference voltage
drop across the element.

PN
* Power is energy per unit of time and 1s equal to the product of
the terminal voltage and current; it has the SI unit of wat.

* The algebraic sign of power 1s interpreted as follows:

— If p < 0, power is being delivered to the circuit or circuit
component.

— If p > 0, power is being extracted from the circuit or circuit
component.




Summary

An ideal voltage source maintains a prescribed voltage
regardless of the current in the device.

An ideal current source maintains a prescribed current
regardless of the voltage across the device.

O ®

Independent voltage and current sources are not influenced
by any other current or voltage in the circuit.

Dependent voltage and current sources are determined by
some other current or voltage in the circuit.




Drill MCQ questions

Select an option that makes the statement TRUE

If p<O: * The 1deal basic circuit element:

A. power 1s being extracted from  A. one terminal component.

the circuit. B. can be subdivided.

B. power has positive sign. @can be described 1n terms of
@power 1s being delivered to the voltage and current.

circuit. D. none of the above.

D. none of the above.



1. The voltage and the current at the terminals of the circuit
element in the figure are zero for t<0. For =0 they are:
v =506 1600t _ 50400ty
© [ = Se 1600t _§5a-400t mA
a) find the power at t=625 us.X 10
b) How much energy is delivered to the circuit element
between 0 and 625 ps.
c) find the total energy delivered to the element.

é

—>
+ 1

v

2

—~j6oot ~4060k
V= -50 e - Eoe

: =1pvok =Qouvt
L = 5¢ - 5e

-1600t - Yoot 1600t ~qoof y 3
P-—.:- (502 _so € ) - (S'e -5e _)x:o
- &

-3200t 2000 =2c0o0t -3oht
Q50 €. = 950 €& =350 o 3608

-3200k -2006t -200t~ 3
P :(:?50 e ~506€ , 25O¢€ {10

ok t= 62sx\6°
_3200(625x0°¢) ~200(B5X(5°) —200(E25xio)
P= [2509, — 500€ +2S6e Jxes

P= ©.0U22 akk



b)
Ez | p
D) ol
€25K%0
_3200L- —20cokt - o6t
E - asoxio 28 + & dt <
E25%X(0
- -3 _32.00{5 -vwolb _800&
E- 2s0xi0 | € - 2e &
-3 200 - 2090 — 900
-3 -3300(625X16°D  —200°(€25X0 ) w(szsxw)
= 250x10 lje e JE -
32006 2006

- f;l,c,o* . 7)

M YL xto

<)
Efp

-3 _3naol.— —20cot - a0b6t
E - asoxio -2 + e dt

© — _22006  _720e0t _3ook 'r

E-260x6% ¢ -2 &
—3200 —-290 -%o0

S



£ 2 s [ ] [3zao (06 %o:D

E-\4 xo '
2. Find the total developed in the circuit
1n € total power developed 1n tne circul ggvel¢ed ::—-I-'-',lo
Element | Voltage | Current —= a‘ P“ bserbed =H0
(kV) (mA)
a 150 0.6 .
b 150 14 - —= [ 1
c 100 0.8 |l li i)
d 250 0.8 s o i il
e 300 2.0 .
f -300 1.2 f—}.——l
Elemek
O | P=cvz Isbxo-6 = 90w
b | P=<VY = Isox-u =210
C | P=-tV==-100r-0.3 = 80U
d | P-¢cv = 256%6.9 =-200W
% P_:-_cv = —-300X-2 = y600
P =V = 360X\ = -3¢0




3. The current entering the upper terminal of the figure:

=20 cos(5000t), A. for t>0

a) Derive the expression for the charge accumulating at the
upper terminal of the element for t>0.

b) If the current is stopped after 0.2 seconds, how much charge
has accumulated at the upper terminal?

i

g =t
) 1 2
v
) 9t -.:-/ (t) o &
0
E
CZ(E) :fgocasSaooe de
i A=
= 26 S,;a5s60o 0& = 0.004 2indS00ot
5600

D(e) = o .04 Sin SoodE

b\
Lt +-—o.2

q =o0-004 §n SOLoXo.2

=
Y = 0.009 &in (60D = 2.31 X10C.






