Trigonometric functions double angle
Formulas are:

1. sin2a =2sinacosa

2. cos2a =cos’a—sin’a

3. 1g2a=—28%
l-tg°x
2 —
4. ctg2a = cig’o -1
2ctga
Examples:
1) Prove: a) sin2a=%
I+tg”a
_ 2
b) cos2a:1t—gza
l+tg

¢) sin3a =3sina —4sin’ a

Proofs:
2tgx

a) sin2a = 5
l+tg”a

sin2a =sina cosa =

sinacosa _ 2sinacosa

sin2a = =— >— = ( common and up and down cos’a )=
1 sin“a+cos” o
- 2sina
cosa  _ 2tga _ 2tga
<2 2 2
sin” o tga+l l+tg’a
cos”a - —+1 J J
cos” a

b)
2 2 2 2
) . cos"a—sin“a cos  a—sin”«a
cos2a=cos a—sin“ a = = =

) sin’ «
cos“ a| 1- 5 5 5
3 cos"a) l+ig'a l1-tg°a
- .2 - 2 - 2 0
sin”“ teca+l l+te*a
cosza( - +1J g &
cos” a

1 sin® a +cos’ «




¢) sin3a =3sina —4sin’ a

sin3a =sin(2a + ) = Use the formula sin(2a + @)

=sin 2a cosa +cos 2a sin @ — Now the formula for double angle
=(2sinacosa)cosa +(cos’ a —sin’ @)-sina

=2sina cos’ a +sina cos’ a —sin’ a

=3sinacos’ a —sin’ a

(from sin*a+cos’a=1 is cos’a=1-sina )
=3sina(l—sin’)—sin’ &

=3sina —3sin’ a —sin’ «

=3sina —4sin’ o

2) We have: cosa = % Find the value of double angles, if « is in the fourth quarter.

Solution:

First, we calculate sin« :

sina+cos’a=1

sina =1-cos’ &

2
sin‘a :1—(iJ
5

sinzatzl—E
25

.2 9
sin“ o =—
25

sing ==+ i
\ 25

sina = i% —®As the angle is from IV quarter . We'll take that sina = —%

sin2a = 2sina cos«

_24
25
cos2a =cos’ a—sin’* a

(4 (3 _16 9 _7
5 5 25 25 25

24
sin2a 25 24
1920 = - 25_
& cos2a T 7

25



3) We havesina =0,6 and « is in I quarter. Find the value of double angles.

Solution:

sin2a =2sin cosa

sin*a+cos’ a =1 =2-0,6-0,8
cos’a =1-sin’ a _, 34 _24
55 25

cos’a =1-(0,6)°
cos’ ¢ =1-0,36
cos’ a = 0,64

cosa =£4/0,64

-2

24
cosa ==30,8 ; ‘e
AY tg2a = sin 2a _25
cosa = +0,8 | cos2a l
25
24
4) Prove:
. eo , 1
a) sinl15° cos15 :Z
b) 1-4sin’ acos’ a = cos’ 2
Solution:
a)
1
. 0 0 : o =
sin15% cos15? = {add %} = 2sm152c0515 = {formula: sin2a =2sinacosa} = sm230 :% :%

b)

1—4sin® acos® a = cos’ 2a

1—4sin’ acos’ a = cos” o {formula sin2a = 2sina cosa, itis: 4sin’ acos’ a =sin’ 2a'}

=1-sin’2a = cos’ 2«



5) Prove:
a) 2sin’ o +cos2a =1

2sin’ o +cos 2 = 2sin’ @ + cos” a —sin’ a

=sina+cos’a =1
b) cos*a+sin*a=1-0,5sin’ &
To prove this ,start from:

sin” @ +cos” a =1/ all the square

sin* @ +2sin* @ cos® o +cos* a =1

sin*a+cos* o =1-sin* acos’ &

4sin’ o cos’ &
2

sin*a+costa=1-
. 4 4 1.,
sin” o + cos azl—zsm o

sin* @ +cos* @ =1-0,5sin’ 2

6) Prove identity: cos4a +4cos2a+3=8cos' &

Proof: We will go from left, to prove right side.

cosda+4cos2a+3=

cos2-(2a)+4(cos’ o —sin” @) +3 =

cos’(2a) —sin’(2a) +4cos’ a —4sin* a +3 =

(cos’ a —sin’ @)’ —(2sina cosa)’ +4cos’ a —4sin’ o +3 =

(cos® @ —(1—cos’ a))’ —4sin’ acos’ a +4cos” o —4sin” a +3 =[replace sin* a =1-cos’ a]
(2cos’ a—1)* —4cos’ a(l—cos’ a)+4cos’ a —4(1—cos’ a)+3 =

4cos’ o 4057 a +1 —Acosia +4cos’ o 14¢05 o — 4 14Cosia +3 =

=8cos’ «



7) If sin % + cosg =14 calculate sin«

Solution:

sin > + cos > = 1,4/()
2 2

L, X . XX X
sin® =+ 2sin—=cos— + cos> = = 1,96

=

1

l+sina =1,96
sina =1,96-1
sina = 0,96
8) Introduce /g3c as function of g
Solution:
tg3a=tgRa+a)= M =
1-tg2a-tg

diga 2ga +tga(l-tg’a)

B =t
2tga 1-tg’a+2tg’a

_2dga+iga-tg’a 3iga-ig’a
1+tg’°a 1+tg’a

1+sin2
9) Prove identity: ﬂ =/2 cos[£ - aj
sin o +cosa 4

Proof:
1

l+sin2a _ sin’a+cos’ @ +2sinacosa _ (sina +cosa)’

sin o + cosa sina +cosa sina +cosa
2 2
= sin & + cos @ =(in both addend will add 5 = T)
\/52 2

Tsma+7cosa = (asa common\/z)

V2

V2 —2$ina+—2cosa = (because of: sinzz—2 and cos = =Y~ )
2 2 4 2 4 2

/2 T
\/E smzsma+coszcosaJ:

V2 cos%cos o + sin a sin %J = {This is a formula for cos(a — /) }

=+/2 cos(z — aj
4



