Double and Half Angles
Derivation of Double angles for sine, cosine and tangent:
SINE

sin260 =sindcosé +sindcosd

youcan simplifyit as

Sin20 = 2sinBsin®

(noticethisonly workdor doubleangles*, thisdoesnotapply whersin has 2 different variables
for examplesin(@+ ) oroddanglesas sin39)

COSINE
cos (A+A) = CosA®-Sin’A
cos (A+A) = (1-sin’A) - sin’A ==> apply Pythagorean identities to eliminate a variable
=1-2sin’A
(this is our final formula for cosine's double angle formula as sine being the variable)
OR

cos (A+A) = cos’A- (1-cos’A) ==> P.I1.D
=2 cos’A- 1
( as cosine being the variable)

TANGENT

(tan B + tan B)
(1- tanBtanB)
2tanB

__cNB s simpli
(1-tan® B) plity

tan2(B) = ==>Sumandof tangentformula



Applying formulas:

If sin(p) = % usethedoublangleformulatofind theexact vale of

sin2(b)cos2(b)tan2(b)in thefirst quadrant
Stepl:find thevaluefor cos(b)and tan (b) usingpythagorea theorem
a’+b*=c?

oppsite. 1

hypothenus 2 ¢

| o

sin(a)=

2> =1* +b?

4=1+b?

3=b?

+4/3=b

sinceit'sin thefirst quadrantcos(a) mustbepostive

J3

C
cos(@)=—=—
(@) 2 5

Step2:findsin2(a)

sin2(a) = 2sinacosa

(1 1,43
sin Z(Ej = 2(5)(7)

Step3:findcos2(a)

cos2(a)=1-2sin‘a

coszé) =1- 2(%)

-1-26)

~1-6)




Step4: find tan2 (a)




Half Angle

SINE

c0s260 =1-2sin* 6
-1 -1

cos29 -1=-2siné
—(cos29-1)=2sin’6— > usingdistri.propertyon theeftside
(1-cos?) _ 2sin’6

=>dividebothsideby2 ( weare tryingtoisolatesin 8)

2
(d-cos®) =sin’d =>crossout2on therightside
(A-cos®)

=+/sin’@ — takethesquarerootof bothside

2
@ =siné — cancelatin

NOTICE*sincef isarbitrary,wecan replaceeforg forbothside

(1—00529) 0
#2 :sinE —simplifybycanceling2 on thdeftside

FINALFORMULA

(I-cos®) . 6
1/— =sin—
2 2



COSINE

To do so, youcanrepeat the process that we did above except we use
cos26 in term of cosine

cos26 = 2cos” 6 —1

+1 +1 — Add 1on both side

cos260+1 2cos’ &

— divide both side by 2

2 2
%‘9” —cos? @ — cross out the 2 on the right

5 =+/cos’8 — take the square root

cos26 +1 :
— = Ccosé@ —> cancelation

Once again, we replace@ for g (the angle is arbitrary)

since we arelooking for the half angle formula.

coséd +1 o
,/— = COS—
2 2



TANGENT
sin

tan = — — tangent identity
cos
g Sin
fan— =
CoS—
[(1—cosO)
tan 9 = 2 — half angle formulaof sine and cosine

2 /1+ cosé
2

stepl= \/(1_008‘9) x\/ 2 — reciprocalto cancelthe 2
2 1+ cosé

step2 = \/(1_ cos0) . |1=coso) ultiply top and bottom to sim plify
1+ cosé (1—cosO)

1—-cosé
\J1—cos® @
1-cosé
\Jsin? @

1—cosé@
stepS=——— — cancelsquareroot

sin @

step3 =

step4 = — Pythagorea identity (sin?A+cos®> A=1)

*we can take the squareroot of 1+ cosé@ instead of +/1—cosé

(1—cosH) 1+ cosé
step2 = x
1+coséo 1+ cosé

\J1—cos?é

1+cos@

_ +sin?@

"~ 1+cosé

_sing
1+ cosé@



