








1.8.4 Trigonometric Functions

The six basic trigonometric functions are

Sine sin x = alc

Cosine cos x =blc Hypotenuse ¢ Opposite
Tangent tan x = a/b = sin x/cos x

Cotangent cot x = b/a = cos x/sin x X

Secant sec X = ¢/b = 1/cos x

Cosecant c¢sc x = c/a = 1/sin x Adjacent b

+ Identifies

Reciprocal Identities

Trigonometric Identities - part 1

Half Angle Identities Double Angle Identities
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Pythagoras Identities

e 1 0= 1 0 —cos@ || sin(28) =2sinfcos 6 sin?0 + cos’6=1
sin —m CSC —m s"n(i)=+ > : »
cos(20) = cos*0 - sin“0 1+ tan0 = sec’d
_ 2

COSB=L SEC8=L 0 —4 1+ cosf =2cos°0 -1 14 tze— 20

sec cos@ || cos 7]=1 2 —1- 2sin20 cot‘d = csc
Even/Odd Identities

1 1 6\ | [1-cosf 2tan 6
tan § = ot cotd = and tan (E) T |1+coso | tan(20) = 1 —tan’0 sin(—0) = —sin6

Sum to Product Identities Product to Sum Identities

sina +sinf = 2sin (%ﬂ) cos (a%ﬁ)

sinasinf =

%[cos(a —-B)—cos(a+p)

cos(—0) = cos@

tan(—60) = —tan@

sina —sinf = 2cos (

a+
2

i

1
cosacosff = 3 [cos(a —

B)+ cos(a + )

csc(—0) = —csch

cosa+cosf =

2

a+
Zcos(

)

sinacosf = % [sin(a + f) + sin(a — §)

sec(—0) =sec

Qsa—cosﬁ=

-2sin (#)sin (a%ﬁ)

cosasinf = ; [sin(a + ) — sin(a

-B)

cot(-8)

—cot @

J




- The graphs of the sine, cosine and tangent functions are shown in
Figure 1.20.
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Figure 1.20




¢ Hyperbolic Functions

y
A Y
& 3k | y = cothx
Y=7 2k fy=sihx 2
J y= v=1
| 1p/ s
LV L L, | U |y|=t§r‘1’hx
322-1/R17°2 3 &
7 { AL 3 2 12
f_2_y=_T a L y:—l
-3 y = cothx
(a) (b) (c)
Hyperbolic sine: Hyperbolic cosine: Hyperbolic tangent:
., _et—e™ &+ _sinhx e —e™
sinhx 2 coshx = 2 tanhx = coshx ¢ +¢™
Hyperbolic cotangent:
, hy = coshx _¢' + e
) A O Sinhy & - et
2t r
e 2=l I
i L1 | Tty
X -
ERTIRIE! R
y= sechx ,'\‘=CSChx
@ (e)
Hyperbolic secant: Hyperbolic cosecant:
sechy = L eschy = L __2

coshx ¢ '+ ¢ sinhx ¢ —¢™




1.8.5 Exponential Functions
Exponential functions formula is
f(x) =a*, where a>0 anda # 1, a = constant value

- Domain (—oo, ) and range (0, ) .

- In fact, natural exponential function (e* ) , where e is constant number,
e =2.71828

- An exponential function never assumes the value 0 , as shown in
Figure 1.21.
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Figure 1 .21

llustrative example: Graph the function y = %e"‘ — | and state the domain and range.

Solution  We start with the graph of y = e* from Figure below, and reflect about
the y-axis to get the graph of y = ¢ " in . Figure (b). (Notice that the graph crosses the
y-axis with a slope of —1). Then we compress the graph vertically by a factor of 2 to
obtain the graph of y = %e"" in Figure (c). . Finally, we shift the graph downward one
unit to get the desired graph in Figure (d). ~ The domain is Rand the range is (=1, ).
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(a)y=e' (byy=e" (c)y=%e" (dyy= %e_’—l

Rules for Exponents
Ifa > 0and b > 0, the following rules hold true for all real numbers x and y.

X
a x=y
."

l.a*a’ = a*? 2. ==a

3. (@Y = (@) =a" 4. a*+b" = (ab)*

a* B ﬂ X
N (b)

Example : We illustrate the flowing functions using the rules for
exponents

1 3l.l .30.7 — ‘;l.l+0.7 — 11‘8

(\/E)s_ 3-1 2
2 e = (VI = (Vi) = 10

3, (V)= i s —ps
4. 778" = (56)"




1.8.6 Logarithmic Functions
The functions describe as
f(x) =log,x where a +# 1 ,is apositive constant

- It is the inverse functions of the exponential functions
- In each case the domain is (0,) and the range is (—o0, ) . as
shown in Figure 1.19.
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Figure 1 .19

% NATURAL LOGARITHMS
The logarithm with base is called the natural logarithm and has a special

notation:

log,. x =Inx

Ine =1




yA X y = Inx
0 [0's)
1 0
2 0.693
R 3 1.098
0 (1,0) ¥ 4 1.386
5 1.609
_1 o0
0.9 —0.105
0.5 —0.693
0.2 —1.609
0.1 | —2.302
Example: Classify the following functions as one
of the types of functions that we have discussed.
(@) f(x) = 5* (b) g(x) = x°
(c) h(x) = iL 8 (d) ut) =1—1t+ 5¢t*
b~

(a) f(x) = 5%is an exponential function. (The x is the exponent.)
(b) g(x) = x° is a power function. (The x is the base.) We could also consider it to be a
polynomial of degree 3.

1 +x
(c) h(x) = = \/‘; is an algebraic function.

(d) u(f) =1 — t + 5t*is a polynomial of degree 4.

1.8.7 Algebra of functions

Let f is a function of x then we get f(x) and g is a function of x also we
get g(x)

Df is the domain of f(x)
Dg is the domain of g(x)
Then:
f+g = f(x) + g(x) and Df N Dg

f— g= f(X) - g(X) l (input) ———
f.g9=1(x) . g(x) p
and the domain is as same before l
glx) fog

J

f

l -/

flg(x) (output)



if f/g then Df N Dg but g(x) # 0
if g/f then Dg N Df but f(x) # 0
and Df,g = {X: x € Dg, g(x) € Df}

where  f,g(X) = f(g(x)) also called the composition of f
and g
Example: Find fo,g and gof if f(X)=v1—x and g(x)=v5 + x
Solution:-

(fog)x=f(g(x)) =f(vV5+x) =v1—-+vV5+x
(1-x) > 0 then x < 1 Df: x<I
5+x >0 then x > -5 Dg: x>-5

D fig={x:x2-5,V5 +x <1} = {x: -5 <x <-4}

Example: If f,) = Vx and gy = V1 —x

Find:

f+g, g gt f,9 /9, g/f then graph f,g and also f + g. Solution
foo = Vx domain x = 0 Jix) = V1 —x domainx < 1

frtg=F+g)x=Vx+vV1—x domain 0 < x < 1or
[0,1] frg = vVx — V1 —x domain0 < x <1
gf=+v/1—x—+x domain0 <x <1

fog = f(x)g(x) = f(g(x)) = f(¥1 —x) =VV1 —x = 4V/1 —x domain
(=0, 1] (Why?)

Fl9=FG0/g() = [ domain (oo, 1]
g/f =g@)/f(x) = |[= domain (0,1]

X
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