ECE 110 - Exam Jam

Stewart Aitchison



Preparing for the exam

* Develop a study plan or timetable

* Decide which topics you need to spend most time on
* Review Wiley Plus examples, and midterm papers

* Look at old exam papers



The Final Exam

* The Final Assessment will cover all materials listed in the course syllabus.

* The Final Assessment questions will be taken from the WileyPlus question

pool and administered on WileyPlus (similar to the Assignments and Term
Test-1 and Term Test-2)

 There will be 7 questions on the Final Assessment, and students will
receive similar questions
* One question on electrostatics
* Two questions on magnetism
* Two questions on DC circuit analysis
* One question on the first-order transient circuit
* One question on AC circuit analysis



Calculators

FASE approved Calculators are:
e Casio fx-991 MS and
e Sharp EL-520X

Make sure you know how to use them

* Simultaneous Equations (2x2) and (3x3)

* Physical constants - ¢y and u,

* Complex numbers — addition, subtraction, multiplication and division, polar — rectangular conversion
Can you solve:

* (4k + 6k)I; — 6kI; = —6

* 9k +3k)I, —3kl; =6

« —6kl; —3kl, + Bk + 6k +12k)I; =0

e And
. 7=V 12v/2£90°
" Z 422450



Topics covered in ECE 110

* Electrostatics, Gauss’s Law, electric potential, Capacitors and Resistors
* Magnetic Fields, and Ampere’s Law and Faraday’s Law, Inductors

* DC circuits

* First Order Circuits

* AC Circuits



Gauss’ Law

* Relates the electric flux through a closed surface to the charge
enclosed by that surface.
* Key Ideas:
c d=¢E.dA I—
« Both E and dA are vectors.



Gauss’ Law
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Biot Savart Law

The_magnltude of the field dB produced at point P This element of current creates a
at distance r by a current-length element ds turns magnetic field at P, into the page.

out to be My @dj‘ sin & %

dB = . \ids”

~ 47 4 1B (intc
where U is the angle between the directions of ds and F, a - \ £ % page)
unit vector that points from ds toward P. Symbol p, is a \\ .
constant, called the permeability constant, whose value is

defined to be exactly (4 \ Current
distribution

-_— 9 o =47 X 10~ T-m/A =~ 126 X 10-5T-m/A. .

The direction of dB, shown as being into the page in the figure, is that of the cross
product dsxf. We can therefore write the above equation containing dB in vector form as
iy Eds X T

dqr =

dB =

This vector equation and its scalar form are known as the law of Biot and Savart.
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The figure below shows a cross section of a long thin ribbon of width w = 4.75 cm that is carrying a uniformly distributed total current i = 6.47 pA into
the page. Calculate the magnitude of the magnetic field at a point P in the plane of the ribbon at a distance d = 2.04 cm from its edge. (Hint: Imagine
the ribbon as being constructed from many long, thin, parallel wires.)
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Ampere’s Law

» Can be expressed as: § B.d3 = fi,ipn,

* |, is the current enclosed by the Amperian Loop

* Q: Inside a long metallic conductor, carrying a current |, where is the
magnetic field B=0
e A. At the center 8 4 r
* B. At the surface PN X\
e C. Outside 7 ‘
1 >

* D. Everywhere inside the conductor. — ~
A




Ampere’s Law

Only the currents
encircled by the

Ampere’s law states that

loop are used in
- — . A 's law.
%B‘d.‘i‘ = i, mpere's law
i Amperian )
lgop N /
. L. . R "
The line integral in this equation is evaluated around a 4 ‘g;& B
closed loop called an Amperian loop. The current i on the <

Direction of
integration

right side is the net current encircled by the loop.

rved.

Ampere’s law applied to an

“'l‘ arbitrary Amperian loop that
<" Curl your right hand around the Amperian loop, with the fingers pointing in the encircles two long straight wires
direction of integration. A current through the loop in the general direction of your . .
N : : : but excludes a third wire. Note the
outstretched thumb is assigned a plus sign, and a current generally in the opposite ) )
direction is assigned a minus sign. directions of the currents.
Magnetic Fields of a long straight wire Ihizis how o assnn g

sign to a current used in
Ampere’s law.

with current: A right-hand rule for

1 +1
i . . ] Ampere’s law, to
/[/ B = —— (outside straight wire). P . T | o
27 determine the signs for \ Direction of
. —8 | integration
currents encircled by an l |
iyl _ . _ i ‘
(@ B= (2 }2_, r  (inside straight wire). Amperian loop.
?T -
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Magnetic Fields due to currents

* For two long straight wires as shown, which expression describes the
magnetic field at the origin?




Faraday’s Law

e & =— Wheretheflux is given by: &g = fB dA — B/|d% - Bnr’

—

* The flux induced always opposes the change in the flux of B. However,
B induced is not always opposite to B.

* Consider the loop in a constant B field with B = 4 T, which statement is
true:

Py r=0.50 m

a. 'The flux through the loop 1s 0, and current tlows 1n the counterclockwise direction.
b. The @;ﬂw 0, and current flows 1n the clockwise direction.
B c. The flux through the loop 150 T Webers, and current flows in the clockwise direction.
The flux through the loop isl Webers, and current flows in the counterclockwise direction.

1/; The flux through the loop 15@ Webers, and the current 1s 0.

g



Faraday’s Law

* Now consider the loop next to a long wire:

LR e : A3 SE‘L@
S r=050m A€ =
1 i OH— S

B

— =P

. V\/_ha; is the direction of the current in the loop if it is moving parallel to the
wirer

 What is the direction of the current in the loop if it is moving away from
the wire?



DC circuits - Concept Questions

* The circuit has two identical light bulbs connected to a battery. What
happens to the brightness of A and B when the switch is closed?




Concept Questions

* Which circuit generates more light?

circuit | circuit 11




DC Circults ) Thek,

Q3 [10 marks]

- Vet 5) Che k.

Consider the following circuit:

Jl ko N.. 1o . Ro=2kQ 10

J
2mA CD ?1%‘

(a) [7 marks] Compute /, using Nodal Analysis



Thévenin’s and Norton’s

 Remove the load and find the open circuit voltage of the circuit

* To determine the Ry, depends on the circuit

* Only independent sources. Replace voltage sources with short circuits and
current sources with open circuits

* Only Dependent sources. Connect an independent current or voltage source
to the terminals an calculate the voltage or current. Use Ohm’s Law to J
calculate Ry,

* Both Dependent and Independent sources. Short circuit the output terminals
and calculate i... Use this with v _to calculate R,

* For Norton’s start with i, @ g
(% > f%\ T
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First order circuits

* Can you find an expression for v (t) and v(t) for t>0

10

O

\A’

40$

50




First order circuits

t
* Have a solution of the form: v(t)or i(t) = K; + Ke = o—

* Time constant T = RC or L/R.
* K, is the steady state solution. —-

&

* K, is the transient solution ok 12D ekt e =1

* The current through an inductor is a continuous function
* (t=07) =§(t=0") = 7 Foracey Lo

* The voltage across a capacitor is a continuous function
cv.(t=0")=v,(t =0") «— D Chogrg @ Capocifer




. . . A Qa.PQC;Lw- - a_ Dc clrcailk
First order circuits b an open ciek

* Can you find an expression for v (t) and v(t) for t>0
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t>03=v(t)=0t,=0.3 03
V,(0.3+) =4(1—e °4)

R G Y|
v, () Vo t)=K, +K,e 7

Vy(0)=0= K, =0 K,=v,(0.3+)=2.11(V)

..|_

t-0.3
Vo(t)=2.11e %4 ;t>0.3

0o(6) (V)

1

0

0.3

t> 0= V(t) =9V t

7= Ry C = (6k ||12k) x1004 F = 0.4s

8 N K 1 K. =
Vo(oo):m(g):Kl Vo (0+) =K; + K, =

V, (1) = 4[1— 5 O

Vv (t) = K+ Koe *

e) 91 e
t<0=Vv({t)=0=>Vo(t)=0 vy (0+)=0

—o 03 )
| N




AC clIrcults

* Express voltages, and currents as Phasors

e | = ImL@I E—
eV =V,,0,

* Impedance is a complex number which depends on ®
* Z = Z;n20,#R+X(w)

* For simple circuits use Ohm’s law

* Apply KVL, KCL, superposition etc

* Thevenin’s, Norton’s etc



For each of the passive components the relationship between the voltage phasor
and the current phasor is algebraic. We now generalize for an arbitrary 2-terminal
element.

Ip/6; Z(@) =R(@)+ jX (@)
> R(w)=Resistive component
X (w)=Reactive component

< ac
VMLGU <—> ZLOZ - circuit |Z|=VR? + X*

6, _tant X
R
AL EPADAING Element Phasor Eq. Impedance
vV _Vu£o, _V R V =Rl Z=R
Z="=-"MZN_M /(9 _0)=|Z|L0 . .
| 1,Z£6. 1 O =6) =210, L V = jolLl Z = joL
(DRIVING POINT IMPEDANCE) C V :_L| 7 :_L
JaC JaC

The units of impedance are OHMS.

Impedance is NOT a phasor but a complex
number that can be written in polar or
Cartesian form. In general, its value depends

on the frequency. < > GEAUX >




KVL AND KCL HOLD FOR PHASOR REPRESENTATIONS
+V,(t) -

KVL @ vy (t) +v,(t) +vy(t) =0 KCL @ —ig(t) +iy(t) +1i,(t) +iy(t) =
v () =V, e @) =123 i (1) = 1,0/ k=0123
KVL: (V€ % +Vyy,e1% +V,4e'%)el™ =0 In a similar way, one shows ...

V,+V, +V; =0 Phasors!
+V, - —lg+ 1L+, +153=0

The components will be represented by their impedances and the relationships
will be entirely algebraic!!

< >

0

GEAUX »




SPECIAL APPLICATION:

IMPEDANCES CAN BE COMBINED USING THE SAME RULES DEVELOPED
FOR RESISTORS

| + Vl - + V2 - | > + +
—— 1 ——1— ; 7 [y v [z = Ll
L, L, [y=1+1, 1| | | " 1,+ 1,
Z. = Z - -
S Zk k i_z i
z, ““z,
'LEARNING EXAMPLE f = 60Hz,v(t) =50c0s(wt + 30°)
_ Compute equivalent impedance and current
. 04 w=1207,V =50,30° Z =250

Z, = j1207x20x107°Q, Z. =~ 1 —
Ze=R3 R=250 j1207 x50x10

Z, = j7.54Q, Z. =-j53.05Q

i) Z,=Zg+Z +Zc=25-j45510
ZL:Ja)Li L =20 mH
_V | 50430° 50430° (A)
1 Z, 25-j4551° ° 51.93/-61.22°
Lc =——==<C=50pF

| =0.96.,91.22°(A) = i(t) = 0.96cos(1207t +91.22°)(A)

< > GEAUX »




An AC circuit to consider

* At which frequencies does the light bulb glow brightest?

* Low Frequencies
* High Frequencies _~ @
Atw—\/ﬁ ‘ C> IJ Z;:jﬂ[,.
o k
2 J5c

Cils



PURPOSE: TO REVIEW ALL CIRCUIT ANALYSIS TOOLS DEVELOPED FOR
RESISTIVE CIRCUITS; I.E., NODE AND LOOP ANALYSIS, SOURCE SUPERPOSITION,

SOURCE TRANSFORMATION, THEVENIN’S AND NORTON’S THEOREMS.

COMPUTE I, VZ_GZOO—ZLOO—FV N V, 0
. 6/0°V 1+ j1 > 1-1
A\ B W LR
N
N Vv, 1_ +1+ 1_ =2+—6.
g 1+ 1 1- 1 1+ J1
% \TD . A-1)+A+jHA-j)+@A@+Jj1) 21+ j1)+6
' 2/0° A I 2 L+ ) f1) 1+ jl
= v, 4 812
1. NODE ANALYSIS 1-
_(4+A-J)
Vl_ —240°+V2+ V2_ =0 2= 2
1+ 11 1 1-)1
V, -V, = —6.0° |O=G—jg)(A) |, =2.92/ —30.96°

Vv
I, = TZ(A) NEXT: LOOP ANALYSIS

GEAUX »




2. LOOP ANALYSIS

- 6/0°V
J /‘\ 1Q
Yyyy s
S

§1Q<Ej51>

2/0° A I,
T

®

SOURCE IS NOT SHARED AND lo IS
DEFINED BY ONE LOOP CURRENT

LOOP1: I,=-2.0° lo==1ls

LOOP 2: (1+ j)(1, + 1,) =6.20°+ (1— j)(1, + 1) =0

LOOP 3: (1—j)(1,+15)+1,=0
MUST FIND I,
21, + (- )3 =6-(1+})(-2) J /*@1- )
L-Dl+@-{lz=0  "(=2)

(-2 -22- D), =a- jE+2j)

10-6j EER
= | == (A
2 0 =575 1(A)

E

ONE COULD ALSO USE THE SUPERMESH
TECHNIQUE

@ ~-Jj1Q

j1 4} — 1 2

gl HC

L S0 =10

CONSTRAINT: I, - I, =—2./0°
SUPERMESH: (1+ j) 1, +6.20°+ (1, —13) =0
MESH3: (1, 1,)+ (1 j)1,=0

|o:|2_|3






