\
Trigonometry - Functions and Graphs Lesson #10:
Reciprocal and Absolute Value Trigonometric Functions

Warm-Up | Review of Reciprocal Functions

Recall the properties of reciprocal functinm by completing the following:

1. * When f{x) = 0, the graph of y = may have a \\{“\(\CC\X ﬁ%l\K)V\“‘W .

ﬂ x)
|
* When f{x) is p{}SltIVG.ﬂ? is _ ()05\\'\\\&, i
* When f{x) is negativc.ﬂT) is !SQ‘_;:.(_Aéﬁgg ’
1
2. « Whenflx)=1, f[ e _\_ When fix) =-1, m *\7

* The invariant points for a reciprocal transformation can be found where the lines

1
y==1 intersect the graphs of flx) and flx)

3. « When f{x) increases over an interval, over the same interval.

fix) )
f( g N e (R over the same interval.

* When f{x) decreases over an interval,

1 l
4. « When f(x) approaches zero, ™ approaches + %o and the graph of e approaches

a__ &ﬁk\t@ _asymptote.

1
* When fl{x) approaches + oo, approaches zero and the graph of ) approaches

1
fx) Jix

i M_ asymptote.

g o ! - . ¢
* Remember: sin™ x does NOT mean 5 Sinx represents the inverse of the
§

function sin x. The reciprocal of sin x is csc x.

* The above properties can be used as a general aid to sketch the reciprocal trigonometric
functions.

Sketching the Graph of a Reciprocal Trigonometric Function

Use the following general procedure to sketch the graph of a reciprocal trigonometric function.
1. Sketch the vertical asymptotes.
2. Mark the invariant points.

3. Where y approaches zero on the original graph. v approaches positive or negative
infinity on the reciprocal graph.
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302 Trigonometry - Functions and Graphs Lesson # 10: Reciprocal and Absolute Value Trig Functions

ClassEx.#1 || The graph of y = sinx, —2m = x < 2mwis shown.

a) Graph y = csc x, the reciprocal l\ [ }ji ]
g of y = sin x, using the | ] = [T
properties on the previous \ / /
page. 2
! NE A N[ /T
b) State the equations of the ‘ /\"<\ B
7 N 4 N
asymptotes. “‘ N / N\
T - =, L 7 B I
‘X: A \ L=l \1’0 T 3:1 \\_E_ /1{ it ‘i \\ %E //E
. 5 1 Y
1= | 1= AT
OIEIN
¢) List the invariant points. }2
(~‘>1f \) [«W -W (’\\‘ \\\m -l
— - - Vel U
by ) L) > ) l\ l ll '
d) Complete the table for x&MN.
Function Domain Range
TN L) ek
iceicciBl R 5 X (N Y v)z\ lu)(:il
ClassEx.#2 || Use a graphing calculator to:
a) Graphy =cscxand y =csc 2x. c,,,( ‘;\1\(90(\
b) State an appropriate graphing calculator window where x is in radians.
¢) Complete the table for x&N.
Function Domain Range Period Equation of
Asymptotes

y =esc X §E NN \{\61 &5 L W %) m K= '\T\\, net

y=csc 2% '1_# \f\ﬁl \5Q~\ “\Zl g:,‘z/ﬂ\ )(cf\/ﬁq\r\e’['_
— )

d) Complete the following statements based on your observations in a), b), c).

i) The graph of v = csc 2x is a transformation of the graph of y = csc x by

a b“3393§g.g g0 by a factor of .L about the %_ axis.

ii) Compared to the asymptotes of y = csc x, thc asymptotes of the graph of y = csc ?.x

are _{w\t€ as frequent.
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Class Ex. #3
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Warm-Up #2 Review of Absolute Value Functions
Recall the properties of absolute value functions by completing the following:
* When fix) 2 0, (i.e. the graph of y = f{x) is above the x-axis), the graph of y = |f{x) |
is _1)endcek to the graph of y = fix).
* When fix) < 0. (i.e. the graph of y = f{x) is below the x-axis). the graph of y = |fx)|
isa !:Mséimp of the graph of y = f{x) in the x-axis.
The graph of v = cos x.—2m < x < 27 is shown.
! |
a) Sketch the graph 2 l
of y = |cos x|
1
NA A NAAA NN
b) State the domain and range N~ N |~ N Ay
of y = |cos x|. _ﬂ 3 L4 r ] i | |20
TN, P 1M, )
O ol xeed LA LT N
?\: \ oeuel \56“:(') =
SN .
Complete Assignment Questions #1 - #12
1. The graph of y = cos x, 27 = x = 27 is shown.
|
a) Graph y = sec x, the reciprocal A
of y = cos x. 2
1
b) State where sec x is undefined. AN AN e
N / \ /
A
_';1 3 Lt 7 A 14 k‘f
TN P ERN Y
¢) List the invariant points. TINIHFIT Ty T I []
2
d) Complete the table for x&N. Y
Function Domain Range
¥V =Cosx
y=secx
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-~

T 3m,
2. The graphof y =tan x, —)T =xs JTIS shown.

i il

v
a) Graph y = cot x, the reciprocal 4 &
of y =tan x. ‘!
2
| |
' / | [
b) State the equations of the / Y /
asymptotes of y = cot x. / = [ /
i
EralPz E & e AT
Y/ 3— % 2—of 3
¢) List the invariant points. ]ll" ]l-" i .I!
| | &
|
d) Complete the table for x&N. *
\J
Function Domain Range
y=tanx
y = cot x
3. Use a graphing calculator to:
T
a) Graphy=cscyand y=csc (.r + I)
b) State an appropriate graphing calculator window in radians.
¢) Complete the table for x&N.
Function Domain Range Period Equation of
Asvimptotes
y=0C8CX
y = CsC (x + E)
il e Y
4. Use a graphing calculator to:
a) Graphy=sec yand y = sec 3x
b) State an appropriate graphing calculator window in radians.
¢) Complete the table for x&N.
Function Domain Range Period Equation of
Asymptotes
y=secx
y=sec 3x
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5. The graphofy =2 sinx, —2w < x < 27 is shown.

a) Graph the reciprocal A
of v = 2 sin x. =
2
b) State the equation of the \ \
reciprocal function. :
/ y,
/ \ / \
< 4 3
=2 By |

1
ph [[22
=
U
—
T
b sy
T
i
Sy
T
—
ph |22
=

A\ I/ 17
NLA 1o N/
3
Y
6. The graph of the function y = sec 2x is shown. . A )
a) Graph the reciprocal of y = sec 2x. \ - \
\/ N \
b) State the equation of the reciprocal function.
EET N Eamel
2 71T 3
/ [
2
\iRAR SR ERAE

7. Sketch the following graphs
a) y=|sinx| b) y= |tan x|

=

I
™

/
] / 2

A ol Y /

ya k\ i nY ’ %
e
T 3l = 3 3 \r'\ 3k k| P, A A
= SN 18 L=l i T 5 o
N : N1 7 i A 2

s
“-*—-—-—
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8. The graph represents a reciprocal trigonometric function after a single transformation.
Determine the equation of each graph. Verify with a graphing calculator.

a) b)
| y | |
+ i fr 1
| \ \ |
\ \[ h | 1 2 |
\ \ ) 1 I
/

- ey, e, oy, > N f s
A My ] L i A E i n i
o N \il i 3 43 o

L h 1 h 2

Fy M o ™
\ \ / A\ / 3
| | | \
T e
¥ \ v A | |

YMGTIERY- Which of the following describes the asymptotes for y = sec x?
Choice
A. x=nm nel

B. x=—=+nm n&l

S

C. x=2nm n&l

D. x=

|y

+ 2nm, n&l

|
10. The minimum positive value of y on the graph of y = csc 5x is

2
|
A. 3
B, 1
Uy 2
D. impossible to determine
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11. The graph of v = sec 2x is a transformation of the graph of y = ¢sc 2x by a horizontal
translation of

A. g radians left B. TT radians right  C. % radians left  D. % radians right

NpTstel 1 2.  The graph of y = 4sin x and its reciprocal are drawn. If the reciprocal graph
Response has equation y = kcsc x, then the value of & to the nearest hundredth is

13. The maximum value, to the nearest tenth, of the function flx) = |cos x = 2| is_

Answer Key

- A=
S e ¢) (=Zm, 1)y (m, =1), (0.1), (m, =1), (2m, 1)

1. a) sec graphbelow b) t=-— ——
2 2 2

d) see table below

Function Domain Range
Vo= COsX xR Isys=1y=R
n
¥ = 5EC.X X W — +nm, nel, v=R vs-landy =1, v&ER or |y| = 1, vl

2. a) see graph below

I, IR

]

R laeiny

gl |

See table below

3 f
B . v 4 Function Domain Range
B I 118 | et 1 i i
: | Y =tan x X = — 4, nel, xeR yeER
| o | &
¥ =col x x = nm, n<l, xR yER
3. b) answers may vary
c)
Function Domain Range Per Asymptotes
¥=c8cx x = i, nel, xENR y<s—land y =1, yeR 2w x=nw, nel

4 ;
1§ T > : T
¥ o= C5C l.( + I] X i - z nel xeNR y=-1and y =1, vER 2n X=nw- I nel
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4. b) answers may vary

<)
Function Domain Range Per Asyvmptotes
T . - b1
y =secx R + o, n=l, xR ye-—land y=l,veR 2 X =2+ nel
) 2n 14 T
ys—landy =1, yEM 2 ==+ n?.n'c.’

¥y =5ec 3x

k14 7t
xe— +n—, nEl =R
f 3

I
5. a) see graph below b) y=—es¢: 6. a) see graphbelow b) y=cos 2x
A
= I. 1RSI _3 1 = l4
| e, WA .
| |
VI Y NI
I
-
_1'[;1': 3 g x ki E £ T
2 T 3
{ = R N G, G

7. a) see graphbelow  b)

12. 0325 330
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