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Real Numbers
F

* Real numbers are numbers that can be expressed as decimals,

such as
| | | |

0 -2 -1.3 0 i i \/Ii :Iz :Ifnlr 4‘1
- 1 3 -

* The symbbl denotes R the real number system. 1§ \ .

. The?algebraie properties say that the real numbers ¢an be
added, subtracted, multiplied, and divided (except by 0, you ¢an
never lelde by 0). ‘0 '

* We [dastmgmsh four special subsets of real numbers. 1101

1. The natural numbers, namely 1, 2, 3, 4, . {10
: 2. The integers, namely 0, + 1, +2, £ 3, + 4 g .
1 3. The rational numbers, namely the numbers that ¢an 1be

G eﬁpressed in the form of a fraction, namely %

4. The irrational numbers, Real numbers that are not

ratlonal namely,n /5, 5,logz 7.

‘m
1}

’0

ECE Depm‘tment-'(,q,\\'erslty of Baghdad Dr. Bilal Rabah 3

‘ Real Numbers

* Asetis a collection of objects, and these objects are the elements
of the set; If S is a set, the notation a €5 means that a is an
element of §,.and a € S means that a is not an element of S.

o If San;l T are sets, then S UT is their union and consists of all
elements’ belonging either to S or 7 (or to both § and 7). ‘

* The §NT intersection consists of all elements belongmg to both
Sand T. 0

* The! empty 'set @ is the set that contains no: elements For ;

example, the intersection of the rational numbersi fand the
irtational numbers is the empty set. 01
* A finite' interval is said to be closed if it contains both 'of lits
| endpoints, half-open if it contains one endpoint but not the
n otlier,nand open if it contains neither endpoint. - 0§
+ The e'ndpoints are also called boundary points; they make up
the 1nterval’s boundary. The remaining points of the interval are
interior r points and together comprise the interval’s mte;rlor

hbkl} n4 s Example 1, p. 4 2

ECE Departm
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‘ Absolute Value

* The absolute value of a number x, is defined by the formula

_ X, x=10
olxl=19_
X, x = 0. Example 2, p.5

VA [
o 2w \

- ¢\ B .
* Geometrically, the absolute value of x is the distance from x to
0 on the real number line. Since distances are always pos thﬁ

or'( jo 1Y
U014 |x = y| = the distance between x and y 10
100011111 01
[ l
1 |5 = e [3— 4900 9
- A | | > |
U“ . o -5 0 3 0 1
B %l
—4—1 =]l —4]=3— & 1
{ 0% 4 | | | = | | Colap T
ECE Depm‘tment-'[,'qi\\'er;ity of Baghdad Dr. Bilal Rabah : 5
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‘ Absolute Value

o Itis 1mp0rtant to remember that Va® = |al|. Do not write Va 2=aq
unless you’ already know that a > 0.
Absolute Value Properties

1. |—a|=]a| A number and its additive inverse or negative have
the same absolute value.
2. |ab|=|al|b| The absolute value of a product is the product of
the absolute values.
a |a| The absolute value of a quotient is the quotient
T A q q
b B of the absolute values.

4. |a + b|=<|a|+|b|  The triangle inequality. The absolute value of the
sum of two numbers is less than or equal to the
1 sum of their absolute values.

ool ol p 09 !
See Exercise 1.1, p. 8
\ (1-54) = 2
* For the questions with T, understand the idea and : Examle SRR
ignore the graphing bt i 0 n
ECE Depm‘tment-'[,'qi\\'er;ity of Baghdad Dr. Bilal Rabah — [
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. Lines, Circles, and Parabolas

{1,3)
Cartes:an Coordinates in the Plane T
Second First

* These llnes are called coordinate axes in sl e
the Qlape Py f . s .

s The o%ﬂgm 0, also labeled 0, of the O o it
coordinate, system is the point in the I 1
planie where x and y are both zero. - 'T‘l'd it -

* The coordinate axes of this coordinate or e
Cartesian plane divide the plane into B

fout regions called quadrants. U

* When a particle moves from one point in the plane to Wthf:r,
* the net changes in its coordinates are called increments.

U Theyq are calculated by subtracting the coordinafes of the

starting pmnt from the coordinates of the endmg pomt : If x

changés fl;?m X, to x, the increment in x is Ax=x—x
v A ' u [)
ECE Depm‘tment-'(,'qf\\'er;ity of Baghdad Dr. Bilal Rabah 7
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. Lines, Circles, and Parabolas
* Any nonvertical line in the plane has the
property that the ratio y
! Ly
0 3 : Ay Yy —
0y, m:%:ﬁ:ﬁ_ii Sy [P0
' Al
* The ?sldpe tells us the direction (uphill, 2: Py4,2)
downhill) and steepness of a line. A line with .}
pos1t1ve‘ slope rises uphill to the right (Blue T2 5 456
line); Dom‘e with negative slope falls downhill Z:w )
to the right (Yellow line). / o
* 1The greater the absolute value of the slope, the more rapid the rlse
Aor fall, the high value for steepness. 09 |
Thg slf)pe ‘of a:vertical line is undefined. Since the run (x,-x,) is
zero for a vertical line, we cannot evaluate the slope ratio m.|
RIS 0,10, p
ECE Depm‘tment-'(,'qf\\'er;ity of Baghdad Dr. Bilal Rabah 8




. Lines, Circles, and Parabolas

* The angle of inclination of a line that crosses the x-axis is the
smallest counterclockwise angle from the x-axis to the line.

e The @ncllnatlun of a horizontal line is 0°. The« 1ncllnat10n of a
verticalline is 90°.

« If (phi, @) is the inclination of a line,

e then P < @ < 180°. - /|10I this '
* The relatlonshlp between the slope m of a nonvertlcal line and)the
line’s angle of inclination @ is 3
1 im= tanQ)

. The equatlon for a nonvertical straight line,
where m and the coordinate of only one point

is known, can be used to find the equation of the

line. IS P(K, y) is any other point on line, then 7

Ay
"= = tan ¢
y=mnhmm (x —x1) The equation
0 . is the point-slope equation X
ECE Depm‘tment-'(,'qf\\'er;ity of Baghdad Dr. Bilal Rabah [\)

. Lines, Circles, and Parabolas

The equation
y=mx+b

is called the slope-intercept equation of the line with slope m and y-intercept b.

* Lines that are_parallel have equal angles of mcllnatlon, SO ‘they
have ;the same slope (if they are not vertical). 0 ‘

e If two nonvertical lines are perpendicular, their slopes my | and my
satisfy, m, *m,= -1, so each slope is the negative reclpmcal of ‘the
othiery my = _ 1 N % This distance is

- ) -
my mi
d="\ |x2_x1‘2+ |J’2—J’|‘2
. 1The dlstance between points in the " -/, + (0,-»)* Q0 72)
plane is calculated with a formula 2o
tha@; cdmes from the A P(x, 7)) i
P)(thagorean theorem : — )
1 vy — x|
0 - ' : x
K A 0 x) Xy
ECE Department-University of Baghdad Dr. Bilai anan

10
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. Lines, Circles, and Parabolas

Circle of radius « is the set of all points whose distance from

center eqlfzil§ a. From the distance formula:
The circle of radius @ =1 and centered
at the ovigjn is the unit circle

. . Plx, y)
with equation x2+y?= 1.

ik
" Exterior: x — )2+ o — B2 = a?

On: (x — )2 + (y — B = a*

1 G-+ (y—hi=d’

Interior: (x — h)° + (y — B2 < a”

L x

0 h .’i(}

ECE Department-University of Baghdad Dr. Bilal Rabah
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. Lines, Circles, and Parabolas -

The graphs of quadratic functions are
called parabolas.

they will /h.ave a highest or lowest point
that is called the vertex.
The parabola can be used for:

All parabolas:"are with “U” shaped and RN
sate]jite dishes and radar dishes. |

The Graphof p=ax* + bx +¢, a#0
The graph of the equation y = ax? + bx + ¢,a # 0, is a parabola. The para-
bola opens upward if @ = 0 and downward if @ < 0. The axis is the line

b
The vertex of the parabola is the point where the axis and parabola intersect. Its

x-coordinate is x = —b/2a; its y-coordinate is found by substituting x = —b/2a
in the parabola’s equation.

X="%5g @

X :
ECE Department-University of Baghdad Dr. Bilal Rabah
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. Lines, Circles, and Parabolas

; 0 i
0n, Y , ;: \
Example 1-9, p. 10 M R A

See Exercise 1.2, p. 16 0

(1-80)
+ For the questions with T, understand the idea and ]
ignore the graphing A

'y
'
|
u
0 3!
\ \
\ 0 g
0 o, 0
K \ U
ECE Department-University of Baghdad Dr. Bilal Rabah 1

13

‘ Functions and Their Graphs

The value of one variable quantity, which we might call y, depends
on the value of another variable quantity, which we might call x.
Since, the Value of 'y is completelv determined bv the value of X. we
say thaty is a function ofx. v = f(x) (*y equals fofx”)
The letter x, called the independent variable, represents the input
value' ‘of, f, ;and y, the dependent variable, represents the
orrejspondlng output value of f at x. 0 0
The ‘set of all possible input values is called the do?maln of the|
funcélon The set of all values of f(x) is called the range qf the
function, "
Think of a function f as a kind of machine that prO(a cesl an
‘output value f(x) in its range whenever we feed it an 1nput 1Val ex

fro%‘n 1gs dOmaln ol
('\ x — f ﬁ- ﬂ}.’) .' “'?UI ‘,1 '?
i Input Output /L
0 (domain) (range) Example 1,2, p. 23
ECE Depm‘tment-'[,'qi\\'er;ity of Baghdad Dr. Bilal Rabah 14
14
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‘ Functions and Their Graphs

Piecewise-Defined Functions: Sometimes a function is described
by using d“ffferent formulas on different parts of its domain.
* One Sxample is the absolute value function

v n

_{x, x=0
I = —X, x<0

I

Yy

¥ = x|

M Example 5-8, p. 27 x|
1 7_\ ‘
1001
. 0..4d | 1 [‘
‘ See Exercise 1.3, p. 29 01 R
\ (1-6, 23-27, 33-36) ‘ 10
0 | ( * For the questions with T, understand the idea and 0y 1
0 ignore the graphing
\ 1 0 1
A 0 , 1y 0y 11
IR 5 10,
ECE Department-University of Baghdad Dr. Bilal Rabah 15
15
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Identifying Functions
here are a number of important types of functions frequently
encountered in calculus. We identify and briefly summarize them
here. s 1 2
0, »=3\ s Linear Functions .
i - flx) =mx + b oy
\ m=1 8
. \ a ‘ }
? '— y:_); ! ’ m =% ¥ G
WL s o O
x 2 ¥=3
| r\ 1+ i U
1 DU 1 1 I 5 { 1\2 1 - U 1
Power Functions AT
:\ 1 Y y=x Y y=x Y y=x* Y y=x I‘
“ a8 ! 1 [ I
ﬂ' = i A v e e e 1 s R 7 4
2 -1 -1 -1




Identifying Functions
Polynomials Functions p(x) =

3 y=8x* — 14x® —0x? 4 11x — 1

|
o\ A

4

Anx™ + dp—1 X" + -

! + a1x + ap
¥

y=( - 2%+ 1)

16

6
8
1 -10F
~12+

-1

Rational Functions A rational function is a quotient or mtié of

< -
two pelynomials 1
0 21 f\
y U 2 —
| 4 ' ‘ i v=ES . Liney =3
H |‘ ’} VI ’.3 | I / \\ | |
D \ A 3 4 _ I 2 s " s 0 [ 5 0"
“I‘ \ !\ I / ]
A 0 -
Q -2 NOT TO SCALE
[ \ 4
ECE Department-Unjversity of Bagh _17
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Identifying Functions
Trigonometric Functions: the sine and cosine functions.
0 y
Exponential Functions: ol T 10*
functions of the form y = a* 0
7 B
1y L .
8 ,\
] 6|~
] .
I . ’
N n U
| 2 T=
"y ﬁﬁp—-’
10 ‘0 v T 05 0 05 1 *
N R EARE d 1 U
Logarithmic Functions: These are the functions y =log, x, . . _
¥ ¥ = logyx L
1 y=loggx > 10
go! . '
o D 4] 3 A ‘ I
\ !\ : " 0 ] | ¥
A ( : ¥ = logsx
| Example 1, p. 37 !
R ar ¥ = logypx n
ECE Depm‘tment-'[,'qi\\'er;ity of Baghdad Dr. Bila 1

18
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‘ Identifying Functions

DEFINITIONS  Even Function, 0dd Function

’ ‘ Examle 2, p.38
A function y = f{x) isan

even function of x if f(—x) = f(x),
odd function of x if f(—x) = —f(x),

- . . ¥
for every x in the function’s domain.

I
* Thegraph of an even function o
is symmetric about the y-axis.
« Thé graph of an odd function o
is symmetric about the origin.

See Exercise 1.4, p. 42
(1-6, 19-30)
+ For the questions with T, understand the idea and
ignore the graphing

LECLE Department-Lniversity of Saghdad

(=x.-»)

Dr. Bilal Kabah
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- Combining Function; Shifting & Scaling

* Like numbers, functions can be added, subtracted, multiplied,
and divided (except where the denominator is zero) to produce
new functions, . (7 + g)(x) = f(x) + g(x).

Yoy 0l -9 = A0 - gl oS
gt (fg)x) = flx)g(x). ) )

$ Comf)os1te FunctlonS' Composition is another metlﬂ)d for
comblhlng functions.

A
0

If f and g are functions, the composite function f ¢ g (“f composed w1th g7) is
defined by

,\ o (f ° @)x) = fg(x)).

0 0 X — 4 glx) — f  — flgt))

L

A - 5 g !
Example 3, p. 47 Og ' 1

b 90 l0, @

ECE Department-University of Baghdad Dr. Bilal Rabah
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20
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- Combining Function; Shifting & Scaling
o - »

* Shifting a Graph of a Function y=x"+2
Shift Formulas p=x>+1
Vertical Shifts y=x?
y=flx)+k Shifts the graph of fup k units if & > 0

Shifts it down | k| units if & << 0 y=x2-2
Horizontal Shifts
y=flx+hn Shifts the graph of fleft & units if 2 > 0 unit
Shifts it #ight || units if # < 0 1 7
. ! - x|
| \ | =4 0 | 2
1 D 0011 -1 1\2 units
1 —J5
1 1 na
1 iy \ Add a positive Add a negative
q \ constant to x. constant to x.
' i i ) :
Example 4, p. 48 ¥= x4+ 3P y=x2 [y=x-2]
A Y
A T
5o gl e e e e
ECE Department-University of Baghdad Dr. Bilal Rabah 21
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- Combining Function; Shifting & Scaling
Vertical and Horizontal Scaling and Reflecting Formulas
Fore = 1,
v = c¢f(x) Stretches the graph of f vertically by a factor of c.
y = % Flx) Compresses the graph of f vertically by a factor of c.
v = flex) Compresses the graph of f horizontally by a factor of ¢. (! 1
y = flx/c) Stretches the graph of f horizontally by a factor of c. )
Fore = —1, v U ;
v = —f(x) Reflects the graph of f across the x-axis. '
y = f(—x) Reflects the graph of f across the y-axis. 01
- 110
) y=V-x 01 10
af B
3t y=V3x \1 ‘U I
Compress | | |
r stretch 7= Vx -3 -2 - 0 f
I8y = y= m 1 0 { 2 4
of 1 2 3 4 F y=5 0. 1p pn
e peeeeaeen e e < e e Example 5-6, p. 49

10/25/2021
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- Combining Function; Shifting & Scaling

0, y "
0 i ! ﬂ\ A
/ 4 1|
87 ~— L :
1 ‘s See Exercise 1.5, p. 52 0
(1-60, 79) e 1)
v * For the questions with T, understand the idea and .
d ignore the graphing Pl 1'%
100 1% 01
1 i 9 l
1 ‘ 0
l ‘ ; 10
- 1 = o
0 10 100
o q
d
0 ",
{0 1, !
0 "o,
ECE Depm‘tment-'[,'qi\\'er;ity of Baghdad Dr. Bilal Rabah 23

23

‘ Trigonometric Functions

* Radian Measure:

* The radian measure of the angle ACB

at the center of the unit circle equals

the length of the arc that ACB cuts from
the unit éircle.

+ Since thé circumference of the circle is
2 © and one complete revolution of a
circle i's,_360°, the relation between radians

anq g‘ﬁg"rlk;es is given by & radians = 180°.

1 N
Conversion Formulas

1 J | T -
| ‘ 1 degree 180 (#=0.02) radians
0 ! Degrees to radians: multiply by %
1 radian = %(35?] degrees

Radians to degrees: multiply by %

Dr. Bilal Rabah

ECE Department-University of Baghdad
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‘ Trigonometric Functions

* Radian Measure:
* Consider a cjircle with a radius of one unit. Let the center be C, and let CA and
CB be two radii for which the intercepted arc AB of the circle has length 1.
Then the centralﬁngle ACB is taken to be the unit of meastire, one radian.

——Fe = A

- i Degrees Radians

f 45 ful

| V2 , V2 4

\

\ ™ 7
\ 45 90 1 3

e D Sy

() b}

 ;From now on it is assumed that all
-angles are;measured in radians.

0 0 - 2 V3
* When ‘we talk about the angle 3 We
i 4 1
T 1 e : . .
mean 3 radians (which is 60°), not 1
degrees. 0 05 10 N
ECE Depm‘tment-'(,'qf\\'er;ity of Baghdad Dr. Bilal Rabah 25

25

‘ Trigonometric Functions

* Radian Measure:
Express in degrees an angle of:  (a) 5n/12 radians; {b) 0.3x radians; (c) 3 radians.
Use (25.1).

S 5z (180 5 .
() E]’adlaﬂﬁ =T ( - deg]'ecs)- 2 x 180° = 75

(b) 0.3x radians = E—E—’E = 180° = 54°

(©) 3 radians = x 180° = (ﬂ) ~ 1720
" T

Since = 314,

{a) In a circle of radius 5 centimeters, what arc length along the circumference is intercepted by
a central angle of n/3 radians?

(b) In a circle of radius 12 feet, what arc length along the circumference is intercepted by a
central angle of 30°7
Use (25.3): s =rd.

{a) s=5x §|= %" centimeters

{#) The central angle must be changed to radian measure. By Table 25-1,

30"=§radians and so s=12x—g=2=ﬁm

ECE Department-Unjversity of Baghdad Dr. Bilal Rabah 26
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‘ Trigonometric Functions
¥
* Basic Trigonometric Functions
sin @ = opP csc = hyp
. - hypotenuse o p(x, v)
hyp opp ,,
adi h ¢ Y\ opposite
cos(y‘:h—J secﬁz% 5 A r x
\ x
yp ad) adjacent
0 adj
tan()‘:i[‘J cotﬁ:—J
ad] opp
] 1 —
__ sin@ _ 1
tanf = vy cotf = an 0
1‘ secd = 1 cscl = I
A cos @ sin @
W _U J 1
x Example 1, p. 59 '
\ Bis o
2 / ’ U
ECE Depm‘tment-'[,'qi\\'er;ity of Baghdad Dr. Bilal Rabah 27
27
‘ Trigonometric Functions
* Periodicity of the Trigonometric Functions
The cosine ﬁng sine functions are periodic, of period 27 that is, for
all 0, 0 ;; 0
cos{f + 2w) = cosf sin(@ + 27) = sin# tan(f + 27) = tan @
sec(f + 2a) = secf csc(6 + 27) = csc @ cot(f + 27) = cot@
Similarly, cos (6§ — 27) = cos#,sin (8 — 27) = sinf, and so on. We describe this re-
peating behavior by saying that the six basic trigonometric functions are periodic.
EXAMPLES 101V
in 2% _ g (2 _,_E)_- m_ o3 M_
{a) sma—sm T 3 —31113-—- 5 f] 4
0
) cosSm=cos(3n+2n)=cosIm=cos{n +2n)=cosm= —1 ‘ 1
W3 0 !
() cos 390° = cos {(30° + 360°) = cos 30° = 5
!
]
(d) sin 4D5° = sin (45° + 360%) = sin 45° = % i'
0, 0
ECE Department-University of Baghdad Dr. Bilal Rabah 28
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Trigonometric Functions
* Graph of the Trigsonometric Functions

¥
y=tanx
¥ ,

[NYRY —

x
Lsx

& &0 ¥ Jm 2w % T

: 2 2 : 2 %

Domain: —o << x << o Domain: —o0 < x < o= Domain: x;é-*-z, + Tﬂ

Range: -1=y=1 Range: -1=y=1 )

Period: 2w Period: 2w Rar}ge. Ly

(b) Period: = (c)
¥
y=secx y=cscx y = cotx

M

\\\

\ L.

* e A
m 2 ?_
Domain: x #+Z + 3—'”, Cen Domain: x # 0, *, +211' . Domain: x # 0, =, *27, .
R = 12 d'?‘;"] Range: y» = landJ:-l Range: —w <y <
Pa.l"lge.. v=—landy= Period: 2w Period:
eriod: 27
(d (e) )
ECE Department-Unjversity of Baghdad Dr. Bilal Rabah 290
29
Trigonometric Functions
* Properties of the Trigonometric Functions
| Periods of Trigonometric Even 0dd
Functions
Period w:  fan(x + ) = tanx cos(—x) = cosx sin(—x) = —sinx
cot(x + ar) = cotx
) . sec(—x) = secx tan(—x) = —tanx
Period 27 :  sin(x + 2a) = sinx
cos(x + 2m) = cosx csc(—x) = —cscx
sec(x + 2m) = secx N i
csc(x + 27) = cscx cot(—x) = —cotx
n g W i r.
.\ U1 o It | U
Trigonometric Identities 01
' _ 2 2 i N
. cos 260 = cos“8 — sin“ 6 | |
cos’h + sin’ 6 = 1.

1 sin20 = 2sinfcosd 10
0 1 + tan 0 = sec?é.

29 — 1 + cos 28
1 + cot29 = csc? h. cos 2
L ' !
i L cin20 = 1 — cos28 \
sy 2 0; @
ECE Depm‘tment-'(,'qf\\'er;ity of Baghdad Dr. Bilal Rabah 30
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Trigonometric Functions
* Properties of the Trigonometric Functions
EXAMPLE Find angle § in the triangle of Fig. 26-8,
Solving the law of cosines for cos 8,
a+b - (5 +QF - (/19?25 +4— 19 1
2ab A5X2) 20 2

cos B =

Then, from Table 26-1, 8 = =/3.

i
(Sum and Difference Formulas).

(@) cos (¥ + v)=cos ucos v—sin u §in v
(b) cos(u — v)=cos ucos v+ sin u sin v
(¢) sin(u+v)=sinucosv+cosusiny . n ”l
(d) sin (4 — v} =sin ¥ cos v — cos u sin v . ; f '

cos (g - ) = sin 6 and sin (; ; 9) = cos 6; ! ) 1

LIRIR 0, 1o

L
ECE Department-Unjversity of Baghdad Dr. Bilal Rabah 31
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Trigonometric Functions
* Properties of the Trigonometric Functions

EXAMPLES

T " m T T . 1
(a) cosﬁ-—cos(E—ﬁ)zcossoosz—}-ismz

4

_ (}.)({3) N (é)(yé) 2,5 2+ 6
A2 2 2) 4 4 4

(b) cos 135° = cos (90° + 45°) = cos 90° cos 45° — sin 90° sin 45° [

RV R

o]
(c) sin'?—n—sin E+1 —sin£c053-+cosfsin£ :
12 27127 2 12 270 12 LS
2 6

= {1)(‘f+/_) + (0)(sin 1—’;) [by example {a)]

_2+./6 1

o 4

B by 0, 1o

ECE Department-University of Baghdad Dr. Bilal Rabah 29
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Trigonometric Functions
* Transformations of Triconometric Graphs

Example: inr y = cos 3x, graph this function

2
cos3(x+-;)=cos[3x+2u)=cos3x

the function is of period p = 2n/3. Hence, the length of each wave is 2x/3. The number of waves over an
interval of length 2x (cotresponding to one complete revolution of the ray determining angle x) is 3. This
number is called the frequency f of cos 3x. In general,

U001 10
4y

A AN A AN
I PRATRT NI T

LRAR i(}

|
ECE Department-University of Baghdad Dr. Bilal Rabah 22
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Trigonometric Functions
* Transformations of Triconometric Graphs

« Graph 2sin x.

The period (wﬁvelength) and the frequency of the function 2 sin x
are the sagnie as those of the function sin x. But: the ‘amplitude, the
maximum height of each wave, of 2 sin x is 2, or tw1ce the amph\tude
of sin x.

19 101" AUTRY:

-1

-1 F

LRAR "o

ECE Department-University of Baghdad Dr. Bilal Rabah 24
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Trigonometric Functions

Transformations of Trigonometric Graphs
Find the period, frequency, and amplitude of:

1
3 cos 3x

and sketch their graphs.

(@ 4sin12‘ ()

(a) For 4sin §x = A sin bx, the frequency is f = b = 4, the period is p = qu
is A = 4. The graph is sketched in Fig. 27-6(a).

2
(b) For 4 cos 3x = A cos bx, the frequency [ is b =3, the period is p = bl

A = 4. The graph is sketched in Fig. 27-6(b).

2n

7 = 4z, and the amplitude

b= ZTR and the amplitude is

y y
4 ” -
I'd \\
3 7 \
/ \ 1
s \ : ——
\\ 7 \ I, \\ 4 S
> ! L PR 'S 2\ " 4;[ o
-2\ ~= A s = 5 =\ oz Y/t ¥ *
\ / \ -4 ~e”
\ /
\ /
\ /
N\ rd
Ne” —4
(a) (b)
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Trigonometric Functions
Transformations of Trigonometric Graphs

Vertical strefch or compression;
reflection about x-axis if negative

y=af(blx +c)) +d

Haorizontal stretch or compression; /

reflection about y-axis if negative

1
a

/\.-"cnic: al shift

Horizontal shift

Uy 1U
100011 01
y |1 [*
y 01 See Exercise 1.6, p. 65 01
\ ﬁ | (7-26, 56-59, 61-64) o 10
0 : g ¥ o For the questions with T, understand the idea and [
0 (i ignore the graphing
L u
A 0 ; 0 ] !
J "o,
ECE Department-University of Baghdad Dr. Bilal Rabah
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Complex Numbers-
‘ P

What is a/Complex Number ?

Whenever %u come across a new concept, yourﬁﬁrst question
would e "what'is it ?". So you would now haye a question
"What is’ a Complex Number 2" 54 n A
Mathematleal definition is simple. A complex number is any 4
number that can be expressed in the following format 0

N o | 0
10 1 s 008
001 ‘ 10
100 i1 / 01
1010t a+b-i 0 110
A 1
1 . {01 ?f & ] [] ; 1 U
1 LN r o, 100g
D 0 0 ‘\ﬁ 1 Realpart Imaginary part _ 0
A .\ i 4 .
A A 0y
TVt 0g "1 1
(R 10, o'
ECE Depanment-'[.'qiﬁver;ity of Baghdad Dr. Bilal Rabah i i ' Q7
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Complex Numbers-
‘ P

What is the meaning of the complex number ?

_ land Q data
o Design

fic field and Magnetic field
ed into single number

ECE Department-University of Baghdad Dr. Bilal Rabah i " 2
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Complex Numbers-
‘ Y

There's d}lqﬁher form of representing a complex number. It

of trlgono’metry e ) \

//7

(a+&i)
=abs(a+b1)

= +&

a+b.i 0 1
1-cos(8) +1-sin(8)i

d =cos(8) + sin( Q)i

Let's call this as A 0

sie
Kipuibew,

=

o
=X
AL
sl

! : Real axis
a ' Length of the redlrnerlﬁbs ofthe complex number) 1

-

a+b-i= 4 <(cos(@)+sin(8)-i)

Red dot Blue Dot
(Any complex number)
u -

illustrated as below and I think you can understand . the
meanm,‘g of the expression as long as you have baslc knowledge

is

A \
ECE Department-University of Baghdad Dr. Bilal Rabah
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Complex Numbers-
‘ Y

Mathematical Operations for Complex Number ?

If I define twf)-’complex number ¢l =a+ bi, 2 =¢ +

c3—c1+c2 (at+bi)+(c+di)=(a+ c)+(b+d)1'

di, the a(gdltlon of these two numbers is as follows.. ' <

You would notice that this is exactly the same result

n

as su[ﬁmatlon of two vectors [a, b], [c, d]. S=ct-e2ze1+

U | e

c3=ic‘fJ1:ch_2=(a+bi)-(c+di)=(a-c)+(b-d)i b

|

1

10 . o=

" <Mu|t|p||cat|on> ) o g |
‘ c3%c1x.c2
{a+b(?x(c+d|) ac+adi+bci+bdif2=(ac- bd)+(ad+bc)| i

TRIGK 0,10,

A
ECE Department-University of Baghdad Dr. Bilal Rabah
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Complex Numbers-
‘ Y

Euler Eqﬁ'ation

One (Qf tlgeimost famous form of complex number which:is used in
engineering/would be what we call 'Euler form' or 'Euler Equatlon Itis | A
represented as follows , 0 ‘

fip S0, e’ =cos(B)+isin(d) " 0
Just by looking at the equation itself, you would notice that i
i) r e‘quatmn would tell you how to interpret the exponential forrp f’f
a complex number ‘
ii) Euler, Equatlon would tell you the exponential form of a comj lex
| number would represents a certain cyclic/periodic behavior s1nceUc sOJ [
sin() represents cyclic/periodc behavior). . )
iii Amplrtude/Maglnltude of e”(i theta) is always "1" regardless of the
value theta.,

(U ' 01,005 11, 1
G h 0 i(}, n

A
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Complex Numbers-
‘ Y

Euler Equation

" T P

eTl= cos(S)+isin
/”\Q | ) isn)
%
\ Circle with Radius =1 3 . : T T

Uml Circle
1UU : et 1., | :
: . . 1 25.e%
1 - -
. =25
a+bi a _bi . r .
' =g & L. e . //._'_"“a\
- n - ;
* . s / =2 A 2. %
a0l _ o o $ g .
D L8] . b4 '-.. = 1 H -
| " .. - * &
N 1 s
\ - - e
\ a . s =
U - -
2= - .
0 f e e e *
- : 1 L ' 1 1 —
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