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O bATH ANALYSIS g ©

TRIGONOMETRY.

BEHAVIORAL OBJECTIVES
I, Define

Ao A periodic function

GRATHING L.a b,

B. The periecd of a function .

C. The anplitude cf

1, Blx) =2 ein x

2, £f(x) = a cos

X

II, For £(x) = a sin(x + k)

" A, Graph the function
B, Determine the

1, Domain

2. Lange

3. Amplitude

4, Phase shift -

- .5, Zeros
III. Repeat II for (For B-E., onit amplitude; include equations of
A, fEx =acos (x + %k _asynptotes.)
B, f(x) =a tan (x + &
(59 féx = a csc gx + k
D, f(x) =2 sec (x + k
E. f(x) =a cot (x + %
¥ IV, Graph, deternine domain, range, zeros,; and asymptotes for the trig

functions when

" L, Absolute value is involved
B, Greatest integer is involved

*V, Goeth a compound funciion using the addition of ordinates method.

SECTION T VLRIATIORS ON THE SIN CURVE.

For the function: £(x) = sin

et ——

-The graph of one period iss

£(x) = sin x is a function

The _anplitude of the curve

X

t-;////“‘\\\\\; ‘ |

‘with comain Q—oa, oo ) 2nd range [;1 i]

is 1., The anplitude of a sin curve is % the différehcc

between thc maxirmum y value and the mininum y value.

The period of £(x) = sin x

is 2.

Throughout this section tH® primary sraph shown above will be the reference graph.
Althcugh we focus on only one period be awarc. thet the dormain is (~eoy o) and
the curve continually repects at intervals of 24, 5

Turn: the page and we shall

mess up the sin curvce!
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A. The T.S. (TeXIcT - Shorter) Factor g 8" vy
. f(x) = 2 sin x f(x) = 4+ sin x

Z
b/f//f~\\\x~ _ | i b !
: ¥ ' &:‘”"“\

-l"

f(x) = - sin x

\/f zm
-’ < )

In generals £(x) = 2 sin x. "a" affects the amplitude. The anplitude of
f(x) =a sinxis |af .

If{a] 7 1 the curve is "taller" thaon the reference graph.
If |al £ 1 the curve is "sherter" than the rcfecrence zraph.

A negative "a" causes the reference curve to be reflected about the X-axis,

D, The L.R. (Left-Richt} Shifter

Consider the function: £(x) = sin (x + g). Our reference curve begins with

f(x) = sin 0, and ends with f(x) = sin 21, Hence, to get the beginning of

this changed curve we ask: TFor what value of x does x_+v% = 07 4nd then
we aslk: For what value of x does x + % = 2m7? 4 .
The answer to question #1 is x = :g . The answer to question #2 is x = %ﬂ_

The graph of f{X) ™= sin (x + g) looks like this:

2 S E
-1

The curve has a phasc shift of % units to the left,

3efore you turn the page, graph f£(x) = sin (x - E Y &

e
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Here is tho grath of f(x) = sin (x - g)

i

mn

In this greph the curve shifis units

~to the rizht,

In gencrel: f£(x) = sin (x + c)
N ¢ is 2 lecft-right shifter,

.
’!,

If ¢ > 0, the curve shiftsicjunits to the left.
If ¢ < 0, the curve shifts [c| units to the right.
These lel vnits are somctinmes called the phase shift, or the translation.

C. The U, D, (Up-Dr-m) Shifter

Tzke z look at the function

f(x) = sin x + 2, For this function; each.

ordinate of the recgular sin curve is nerely increased by 2 units. Hence the

curve is raised 2 units.

See: f(x) = sinx + 2

W

" “How abouti f(x) = sin x -

'1'

2T

_In generasl for £(x) = sin x + k

If k > 0 the—groph shifts up | k| units,
If k € 0 the graph shifts cown |k{ units.

Tat

" The S.S. (Stretcher-Shrinker) factor
A functicn is seid to be periodic 1T

khere P is a constant.

f(x.f P) = £(x) for 211 values of x,
The period of the function is the smallest positive

valuc of P for which the relation is true. For thc éin function the period

is 2m., Notes sin x = sin (x + 2m).

£(x) = csc x ecach ha¥e a period of 2m, f£(x) = tan x end f(x)’

a poriod of .-

f(x) = sec x; and

cot x have

And 2m is-the smallest rceitive number
for which this is true. £(x) = sin x3c £(x) = cos x3



S e S O L HN PS4

. - L -
Consider the function f(x) = sin 2x,
Again we think about the refercnce graph for £(x) = sin x. . It begins at
£(x) = sin 0 and ends at £(x) = sin 2m, Now we asks For what valuc of x
does 2x = 0?7 and for what value of x does 2x = 27, The answer to the first
question is x = 0, The enswer to the second question is x = m.  Thus the
neu prinmary curve begins 2t x = 0 and cnds at x = T The function

£(x) = sin 2x has a period of ., _
Here 1s the graphs //,f—\\\L

'l 9 - ;.

Another example:r f(x) = sin +.x
(1) £ x =0 for x = 0 (2) 4 x'=2n for x = U,

‘Here is the graphi Notes the period is L.

T 2 =T Y
-+ 1 ' |
In genersl: for £(x) = sin bx
The poriod cof the function is T%%
If {bl> 1, the pewiod is shorter than 2m, T ,

If [bl ¢ 1, the period is longer thzn 2m.

E, ALL TOGETHER——- .

Suppose we heve the function £(x) = 3 sin(tx + 1) = 1
By obsciving the function and rcnembering the pfevious business we
observe the following: e

"1, The ampiitude is 3. 2. The period is

IS

3, The phese shift is lcft g units.
4, The negative 1 noves the curve dovn 1 unit,

Wow, greph the curve before looking at its graph on the next eae.

&

b e
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Here it ist £(x) = 3 sin(bx + 1) - 1

=\
H

In generals
For f(x) =a sin (bx +c) + k

T
P —aatll

Anplitude: 2 . : ]

; : 217
Periodi 3

\i

Phase shifts —

v

Raise-=Lower: &

ASSIGHIENT 1

1. For each ecquation given determine its corresponding graphe. Give amplitude
and period for each.

l. y =2 sin x 2, y=4%sinx 3¢ ¥ =-sin 2x .4'.-y'=-sin§
5 y=-2sinx 6, y = =% sin x 7 ¥y = 2 cos X - 3. y.= cos 2x’

(=) o) T T @ .
A N 7AW
N \/' 2 M yTs ) T \/ "

e

L IVANCE ST I N

ad ‘\ﬁ//in j \\u// zit
2, Graph one pcriod of each of the following and then determénes 1 '
~ (a) Renge; . (b) Anplitude; (¢) Period; (&) Phase shift
A, £(x) = sin 3x 3. f(x) = 2 sin % Co y = =2 sin x + 1
D, y =4 sin(x - E) : E,. y=cos x + 1 . F. f(x} = 2 cos 2x
G. £(x) = 5 cos(x + m) Ho y= - cos 4x I, y=- éin(x + g)+l

3¢« The curve of y = sin x is ohiftea H units to the right. What 15 the equation
of the new curve? _ e :

4, The amplitude of y = cos x is multiplicd by 7. What is the equation of the
new curve,

5. The curve y = sin x is shifted m units to the right ;nd the period of the
curve is doubvlcd, What™is the equation of tho new curve?

6. The curvec y = sin x is reflected a2bout the X-oxis cnd then the entire curve is
raised 3 wnits. VWhat is the cquation of the now.curve?
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SECTION II. - MCRE TRIG TUNCTION GRAFPHS. g

Suppose we consider the function f(x) = 2 ten (x + 72)

Our rcference graph is f(x) = tan x..
Its graph ist |
' s I : Asynptotes occur at x = w
S | ' Zeros of the finction occur at x = ki :
s 1)
-3 | o The domzin of the function is{x: x # e
. 1,' i - : .2
l l The period of the functicn is .
o !
l

For the function £(x) = 2 ten(x + ), the phase shift 1s ZE . The entire picturc
is shifted g units to the left, The initial factor 2, causes each ordirste to bc .
nultiplied by 2. Hence, the new grarh rises morc rapidly than the grarh of the

reference curve. ' . .

The graph iss i ' -
[ [ Asynptotes occur at x = -&Eﬁl}ﬂ ’
|- D / [ Zeros of the function cccur at x = -(ik—a'—lﬁ
3 / ;

: /‘ ] - The donain of the function 1is 3 X§ X ;4 _Q:%:QIS

1
‘-5_7” rf; 7%_ The period of the function is .
| |
l l

In general: for—£fx) =a tan (bx+¢c) +k

Period i . Phase shifts :%

(]

Notcs Amplituvde is only conéidered relative to the sin and cos functions.

ASSIGHHMENT 2 Do ezch of these éarefully, vory carefully. Graph at Jezst one

: . period.
1., Graph: £(x) = 2 tan 2x (2) What are the zerosi (b) What are the
o ~ ecuations of the asymptotes
2. Grephs £(x) = 2 csc 5 (2) Vhat is the ronge? (b) What is the domain?
) P (c) Wkat are the equations of—the.csymptotes?

(&) Whot is the periol?
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&
é = '7 - L
. -
o & .

/ 3, Craph £(x) = % cot (x - §> +1 ag What s the phase shift? ‘
B b) ¥hat :s the period of the function?

az What are the zzres of the function?
b) What is the perioed of the function?
c$ What are the cquations of the asymptotes?

4, Graphs £(x) = -2 sec 4x g

5. Grapht £(x) = - ten (x + m) fa; What is the domain of this function? |
b) Yhat is the period of this function? . e

Trig Students: Procede now to the Trizl Run, Do not do Sections III and IV,

SECTICN ITI.  UNUSUAL_GRAEHS _

New it is time to pot lots of thingzs together., Throw in a little absclute value,
greatest integer, &2nd inequalities. The results just might prove interecsting.

Review: f(x) = l[xtﬂ is read £{x) = the greatest integer which does not exceed X.

Eransilos: .21 = 3: LY= 4 ﬁ_'-al] = -5 [[8.7]=8

Try theses

LSSIGNIENT 3

Log() =lstn x|  (a) ewam; ' (5) sanges (c) period

2, £(x) = sin t.x 1 (2) graph; (b) range:; 4

3. £(x) = [tan x| (a) eraph; (b) renge; (c) perioc

4, £(x) = [stnx] - (e) eraph; o (o). axtod *
£ 100 ~{fzm =]} (@) e (8) mange;  (c) perioa
6 (y=feemx]  (a) emphi (b) zange; _ (c) perioa
7. 8> = tlstn T @ @i () eneos

8. £(x) = 2[lsin <|] (2 z=ps (b) period

_9.-f(x) = 2 msin x:” (a) raph; (b) ?erioc‘.

0, -1 £ y< sin x (a) graph; (b) . ronge

11, yJesc x (a) eroph; (b) range

12, 04y £ cos x (a) grezhs

13. ¥ = sin’x (a) graph; (b) period; (c) range
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SECTION IV,

~—

GRAFHIRG 3Y ADDITICN OF ORDINATES

Sometimes functions arc defined in terms of the sum of twe functions.
One couléd procece to graph by systenatically rlotting points,

f(x) = sin x + cos x.

_An alternzte mothed is to sketeh both grarhs; i.c. ¥ = sin x ard ¥y = cos x,
In the following exanples an attempt is nzic

then' graphically 2dd the ordinates.
to illustrate the nethod,

Study the exazmples.

For imstance,
and

Shoull. things not be clear, have

& chat with your instructor or someone clse in the know!

EXAMPLE: f(x) = sin x + cos x

TURE: £(x) =

= X + cos x d
_T['
&y "
ABSICVITENT 4 ‘Greph ns many of the following using the addition of ordinate
nethot., as you neecC t? to feel comfortable,
1, £f(x) = % x + sin x 2. £(x) = cos 2%k + x 3, f(x) =2 sin x + 3 .

5. £(x) = fxl + x

6. £(x) =] x] + sin x

SECTION V, EVLLUATION

1, Review the L.ii.P.
2. Teke the Trial Run,
je TC‘-RO 'thc Teste

~
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AFHING  ARSYEDS
ASSICNIENT 1,

Lol (edi 20 (2 3..(2)s & (®); 50 (e): & (£): - 7. (B); 8. (a)..

£

o

Ce

1o o

N

\/rr' Ky

(2) (-1, (v) 1 @) 2.2] (®) 2 2 (2) [+1,3]
(c) _3%‘_7 . (@ o o (e) b (@) o (v) 2; (c) 2m (&) ©
D, E. F.
< Tz g . ) e
1 ///}\\\ (.i\ﬁﬁ\\‘\\‘l///)f//* ‘ :\\\ //,
17 = T am- L\ ™
K * 4.1 , .
(=) C4] (3 § @2 M1 ()G 2] @) 2
‘o) 2m (e) [ right (c) 2m (3) 0 ()m . (@0
c.\ { / H, ;A o
_ . - 24
- | N Ny
BVARS = T
=5 9 - S =

"\(

"Ia)[—5;5] (v) 5
(c) 21

(a) m, left

v @) B

(&) 0 relative to

()

) [0, 2] () 1
(cg 2ms '

Yy =-cos x; (&) /2 left rel.to
(a) E relative to y = cos x ¥ = =81
m/2 right rel.to
y = sin x
3. ¥ = sin(x - g\: L, y =7 cos x; 5. Yy = sin(% - g)

6. }'=-Sinx+3



L.SSIGULENT 2

| ()% yilvly 25

1, | /l (5) xag._ﬂ- 2. U‘
L ‘ ( ) 3 D x; x ¥ 2km
Ctatd 5 ) o (1) : , N ' () g x # 2k Is
| i iy v d : 1 'A (c) x = 2T
,ﬁr ! a - { [‘hf
. q{ I ! 4 (a) 4
o :/\
3 . , .
: f l 5 : I (2) none 5
| | IU' () 3
I | - ¥ J © x_(2!8<+1-)n_ !
Tl rj/l (R T : }/‘(«
A T :
, : | |
(=) I, riglht \' [ AT 21 a_-_;-_l}:
Z ' (o) m _ :
(b) «
ASSICNMENT 3
e e U
AV , Ji
m 2w A * ;
: ‘ ’ ‘
€C3 1T (c) ‘ (C) e
5- S 6. b
. “ .- & 4 |
| l S _ 1‘5 e
(b) 2011} A (';J) ?."‘21."'.11’0.?3_-?2} (b) 30,32,_; (b) :
(c) 2nm (c) 2m ' :
AT 10; 4 12,
21 e o o » A 'L[,-'.'- o lk// ////:
' - SN HITEN__ T / / Z
! - ™ ZW _ . \/; 1}///%’?
1 - (b) om (»)f-1,1 [
}- E 1 (b) _("Wl e )
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ASSIGENT &4

1, ’ 2,

WY

5 , ' 4,




MATH LMALYSIS

S CENIC S UE RV

GRAEHS TRIAL RUN

" TRIGONCIEZTRY : —
I. Hatch—ectirof the 1ollowing functions with their oo phs: .

1. £f(x) = sin (x + = 2 2, f(x) = 2 sin 2x 3. £(x) = 2 sin ix

b, £f{x} = sin x + 1 5, £(x) = - sin(x + 21 6, £{x} = - 2 sin 2x

A. h B. 3 C. = -

i — T = : ¥y

N B 4//N\ . ///f:\\\ '

.,L‘;"\__‘_/ 1 \ F313 | T .2m 3.r :
2 5 J \]‘ J . \/ i
D, E. F.

4

/\A:V\'v

II. For cach of the following graph at least one period and deternine the
indicated information: K

1, £(x) = 3 sin (x + 5). (2) range;

2, £(x) s

. 3 £(x)
b, £(x)

=

=

N

% tan 2x
2 cse(x ~m)

cot 2x

(b) gmplitude, (c¢) period;

(2) equations of asymptotes- “(b) comain,

(a) coanin;

(a) demaing

(b) range; (c) rhese shift, -

(b) period; (c) equation of asymptotes

TRIG Stucentss review the L.A.P. carefully and take the test.
__HATH ANALYSIS Studentss: continue with the Trizl Run.

I;I For each of tHe LﬂLlﬁu-ng graph at least onc ICTlOL and Letermlnc the
intieeted Teyrnsiony

1, £(x) n& cos be

2. T(x) = cos?x

3. £(x) =

6, £(x) = [||2 sin xﬂ.

7. 0€ y< 2 cos x

[ =3

IV, Tho greph of y = sin

X-O.Xis e

¥hat is the

2: The graph of y = sin
the new craph?

3; The graph of y = cos
new graph?

(a) ranger

(a).range;

(2) zange}

(b) period;

(b) period

b, £f(x) = 2 l{§in %Ml 5. £f(x) = 2 Q]sin %[ﬂ'

(b) periocd

x is shifted T units to the left and rotated about the
cquation of tge new graph?

x is rotated about tho X-axis, VWhat is the equation of

x is shifted m units to tho right, its period is cut in
curve iz lowercd two units. What is tho ecquation of tho
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<1, £(x) = §in x + cosix-

1.0 2. Be

l/j\

{
)

>[-3.33) (v) 3; (c) 2n

3. C

w\zﬂJ

vy

0

i l 5

\ : () 3
|
[

LN
\ (c)x=—}gﬂé

(e;)ixxx 74%3% ;

. IAPHING 'TRIAL aLy ANS’.*IERS

Y ) N PREE YU PRS- S U

fe = oemmirtiame ) wmdwmany Vel wehetes Vo wid Wb e b b & D = shr Yoo we &

2, f(x) =2x + sin x  f(x) = -sin x + cos x.'-“

L}G F; 5@ Ai 60 E@ i ..
=) Vi
(! AVA :\/"
l 4'— I 1 9 | I
T A 15 . c | 9w 5 g
Ly | | iL
""" IR |
‘ (o)fxx X#KZI—'H-)—} - fx1 x £kl
g i?xa 1y\32}
c) m right
III, 1 P

1 | % |
e "® O————o0 : o e
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B ™ s e S oo e
L l T 2 ! T . z¥
-{ - ‘ N Cae (a') O’ 2)
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"‘"}'".-—-K's-@_ae.a‘ .- Ll_‘//é ///’\\ /,////‘//,41\ (b) 2",1' 2
s r - ZF i, LK : "
[m
lyﬂ-sin(x-i-%)» V.1 .
P ¢ ’\
2,y = - sin x T, .
3. ¥y = cos(2x = 2m) - 2 x , 1 ., -2rm
-1
/ .
/ 3,
/7
1, / z, . & 7 g
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