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3.7.1ReciprocalTrig Functions

Reciprocal Trig Functions

What are thereciprocaltrig functions?

= There are threereciprocaltrigfunctions thateach correspond to eithersin,cos ortan
= Secant(secx)

1

COS X
= Cosecant(cosecx)

1

= COSCCX= .
Sin x

= Cotangent(cotx)

1

tan x
= Theidentities above forsec xand cosec xare giveninthe formulabooklet
= Theidentityforcot xis not given,youwillneed to rememberit
= Agoodwaytorememberwhichfunctionis whichis to look at the third letterineach of the
reciprocal trigfunctions
= cotxislovertanxetc
= Eachofthereciprocaltrigfunctions are undefined forcertainvalues of x
= sec xisundefined forvalues of xforwhichcos x=0
= cosec xisundefined forvalues of xforwhichsinx=0
= cotxisundefined forvalues of xforwhichtanx=0
= Whentanxisundefined,cotx=0
sin x
= Rearrangingtheidentitytan x cOS X gives

= S€CX =

= COtXx =

COS X

= COtX = —
Sin x

= Thisisnotinthe formulabookletbutis easilyderived
= Becarefulnotto confuse thereciprocaltrigfunctions with the inverse trigfunctions

1
sin x

= sin"l x #

Whatdo thegraphs of thereciprocaltrig functionslooklike?

= The graphof y=secxhas the following properties:
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= They-axisis aline of symmetry EX@M Papers Practice

= |thasaperiodof360°(2mradians)
= There are verticalasymptotes wherevercos x=0
= If drawing the graphwithout the help of aGDCitis agoodideato sketchcos xfirst
and draw thesein
= Thedomainis all xexcept odd multiples of 90°(90°,-90°,270°,-270°,etc.)
= inradians thisis all xexcept odd multiples of m/2 (n/2,-n/2,3n/2,-31/2,etc.)
= Therangeis y<-lory21

= The graphof y=cosec xhas the following properties:
= |thasaperiodof360°(2mradians)
= There are verticalasymptotes whereversinx=0
= |f drawingthe graphitis agoodideato sketchsinxfirst and draw thesein
= The domainis all xexcept multiples of 180°(0°,180°,-180°,360°,-360°,etc.)
= inradians thisis all xexcept multiples of (0, =, -, 2%, -2x, etc.)
= Therangeis y<-lory=>1
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= The graphof y=cot xhas the following properties
= |thasaperiodof180°ormradians
= There are verticalasymptotes wherevertanx=0
= The domainis all xexcept multiples of 180°(0°,180°,-180°,360°,-360°,etc.)
= [nradians thisis all xexcept multiples of (0, n, - &, 2%, -2, etc.)
= Therangeis yeR (i.e.cotcantake anyrealnumbervalue)

O Exam Tip

= To solve equations withthe reciprocal trigfunctions,convert theminto the regulartrig
functions and solve inthe usual way

= Don'tforgetthatbothtanand cotcanbe writteninterms ofsinand cos

= Youwillsometimes seecscinstead of cosec forcosecant

Page 3 of 9
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

@ Worked example

Without the use of acalculator, find the values of

a) T
S€C —
6
Sec (ﬂ'—) = ‘
) P 6 cos (_'E)
the third (ettecr 6
ls ¢ So Sec ds reloked NG - (% s on exoct
to cos _ | Volue Jou should\ kvow .
RN
i
2
TC ==
Sec (—6—) =13
b)  cot45°
R =
(‘.O't 4-5 = {:&Y\. 46n
the third (etter 7 R
s £ So cok <s relaked | tankS’ s an exact
ko tan = _| Volue You shoul\ know

cot &5’ = |
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Pythagoreanldentities
What are the Pythagoreanidentities?

= Aside fromthe Pythagoreanidentitysin?x+cos2x=1there are two further Pythagoreanidentities
youwillneed to learn

= 1+tan? §=sec? 0
= 1+cot? =cosec? 6
= Bothcanbefoundinthe formulabooklet
= Bothoftheseidentities canbe derived fromsinZx+cos?x=1
= To derive the identityforsec2xdivide sin?x+cos2x=1bycos2x
= To derive the identityforcosec2xdivide sin?x+cos?x=1bysin?x

O Exam Tip

All the Pythagoreanidentities canbe found inthe Topic 3: Geometry and Trigonometry section
ofthe formulabooklet
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@ Worked example

Solve the equation9 sec?28-11=3tanfintheinterval 0<8<2x.

sec?® - Il = 3tan® , 0<O< I

consider how This
could be chonoed _
to use bont«+!( = gec? in Yeems of T

so work in vrodions

e 1S given

(4sec?6 -9) -7 = 3tand
9(sec?® - 1) -2 = 3tanb
Uon'@ -3tanf -2=0
(3 tanf-2)Btand 1) = O
ka0 -5 = 0. 05850 .
or O=T+05880. = 3.729..
o tanh =-3 = @ =-03217.
or O/ =T+(-03212.)=21%19..

ond 06 =271+ (- 0.321%.) = 5.961...

Haly =il B HEasl W )

6= 0588, 2.82, 333,596 (3s.f)
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3.7.2Inverse Trig Functions

Inverse Trig Functions

What are theinverse trig functions?

The functions arcsin,arccos and arctanare the inverse functions of sin,cos and tan
respectivelywhentheirdomains are restricted

= sin(arcsinx)=x for -1<x<1

= cos(arccos x)=xfor -1<x<1

= tan(arctanx)=xforallx

Youwillhave seenand used the inverse trigoperations manytimes already

= Arcsinis the operationsin-!

= Arccosisto the operationcos-!

= Arctanis the operationtan™!

The domains of sin,cos,and tanmust first be restricted to make them one-to-one functions
= Afunctioncanonlyhave aninverse ifitis aone-to-one function

The domainof sinxis restricted to -m/2 < x<1/2 (-90°<x<90°)

The domainofcos xisrestrictedto O<x<m (0°<x<180°)

The domainoftanxisrestrictedto -m/2 < x<m/2 (-90°< x<90°)

Be aware that sin”' x,cos™ x,and tan”' xare not the same as the reciprocal trig functions
= Theyareusedto solve trigequations suchas sinx=0.5forall values of x

= arcsinxis the same as sin”' xbut notthe same as (sin x)!

Whatdo thegraphsof theinversetrig functionslooklike?

The graphs of arcsin,arccos and arctanare the reflections of the graphs of sin,cos and tan(after
theirdomains have beenrestricted)inthe line y=x

= The domains of arcsin xand arccos xare both-1<x<]1

= Therange of arcsin xis -n/2< y<w/2

Page 7 of 9
For more help visit our website www.exampaperspractice.co.uk



Exam Papers Practice

= TherangeofarccosxisO<y<n

= Thedomainofarctanxis xe R
= Therange of arctan xis -n/2 < y<n/2
= Note thatthere are horizontalasymptotes atxn/2 and -n/2

Howare theinverse trig functionsused?

= The functions arcsin,arccos and arctanare used to evaluate trigonometric equations such as sin
x=0.5
= [fsinx=0.5thenarcsin 0.5 =xforvalues of xbetween -n/2<x<n/2
= Youcanthenuse symmetries of the trigfunction to find solutions overotherintervals
= Theinverse trigfunctions are also used to help evaluate algebraic expressions
= Fromsin(arcsinx)=xwe canalso saythatsin”(arcsin x) = x” for -1<x<1
= [fusinganinverse trigfunctionto evaluate analgebraic expressionthenrememberto
considerthe domain and range of the function
= arcsin(sinx)=x onlyfor -n/2<x<n/2
= arccos(cosx)=xonlyforO<x<n
= arctan(tanx)=x onlyfor -n/2 <x<mn/2
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= The symmetries of the trigfunctions canbe used whenvalues lie outside of the domainor
range
= Usingsin(x) =sin(x- x) you get arcsin(sin(2x/3)) = arcsin(sin(n/3)) =n/3

O Exam Tip

= Make sure youknow the shapes of the graphs forsin,cos and tanso thatyoucaneasily

reflectthemintheline Y = X and hence sketchthe graphs of arcsin,arccos and arctan

@ Worked example

T
Giventhat Xsatisfies the equation arccos X = kwhere — <k < T statethe range of

2

possible values of X.

I orccosax =k, then x = cosk (cos(arccos o) =2¢)

ﬁ\_& ’
» t 3: COSk

For —T;_c-<k<7t -1< cosk <O

/

-1< 22«0
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