Trigonometric Identities

Here is a list of many identities from trigonometry. These identities may be used to verify or establish other
identities.

Reciprocal Identities: Ratio Identities:
cot9=——1— secl = cscl = _1 tan9=5m9 cot9=cése
tan 6 cosf sin 8 cosf sin &
Negative-Angle Identities:
sin (-0) =—sin @ cos(—6) =cosé tan (-6) =—tan @
csc(-0)=—-cscl sec(—0) =secO cot(-0)=-cotd
Co-function Identities. Pythagorean Identities :
sin (90°—8) =cos & cos (90°-0) =sin 4 sin® @ + cos® 0 =1
tan (90°—6) = cot 8 cot (90°—-6) =tan @ tan’ @ +1=sec’ @
sec(90°—@) =cscd csc(90°-6) =secd 1+cot’?@=csc’ 8
Sum & Difference Identities:
cos(a+ f)=cosacos f—sinasin f cos(a — ) =cosacos S +sinasin
sin(a + ) =sina cos f +cosasin § sin(a — f) =sinacos f —cosasin
tan(a+ B) = tana + tan S tan (= f) = tano —tan S
l-tanatan S l+tanatan f
Double-Angle Identities. Half-Angle Identities:

. ) fl cosa
sin2a =2simacosa s1n—=i

. ) o 1+coscx
cos2a =cos’a—sin’a =2cos’a~1=1-2sin*«a cosz 1/

tan 2a = 2tan n’ fl —-cosa _ sina _ l-cosa
1-tan’ o 2 l+cos l+cosa  sina
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Product to Sum Identities: Sum to Product Identities:
. _ sina +sin f =2 sin( )cos(a 2[3)
Sinacosﬂzsm(a+ﬁ)+sm(a—ﬁ) s
2 sina—sin[)’=2(;os( js ( 5 )
sin e sin = cos(a— f)—cos(a+p)
2 cosa+cosﬁ—2003( ) o 'B)
COSdCOSﬂ=COS(a+'B);COS(a_ﬂ) 2
 cosa—cosf=-2 sm( 'BJ (0!2,5’)
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The following is an example of how to use the given identities to verify another identity.

ex: Verify the following:

sin3x —sinx ~ cot (2x)

cOs X —C0S3x

2cos (2x)sin(x)
-2sin (2x)sin (— x)

2cos (2x)sin (x) N

2sin (2x)sin (x) B

cos (2x)

A 4

sin (2x)

cot (2x) = cot (2x) L

A\ 4

4

When we are asked to verify (prove) an identity we
must work on each side of the equal sign
independently. This means that we cannot use the
addition or multiplication properties of equality for
example, since these involve performing operations
on both sides of the equal sign. In this example, we
only work on the left side of the equal sign, but this is
not the only verification possible for this problem.

We rewrite our differences in our numerator and
denominator as products using the sum to product
identities.

Simplifying inside our parentheses gives us this
expression.

Since sin (—x) = —sin (x), we can rewrite like this.

After canceling, we end up here.

The last step is a ratio identity. When we manage to
make one side of the equal sign match the other side,
we are done with the verification.

Note: Verification of identities is sometimes a slippery endeavor, but here are some tips. If you don’t know
how to start, you might try to make each trigonometric function into a sine or cosine. Sometimes this
helps to make the identities you remember easier to recognize. Also, I find that it is often easier to
begin on the more complicated side of the equal sign. Notice that in the above example, we started
on the left side, which was more complicated than cot(2x) on the right. As you work, keep in mind
what the goal is. For instance, in the above example, we needed to get an angle of “2x” somewhere
on the left side, since this is the argument of the cotangent given on the right.

Note Also: Memorizing the identities given on the first page would obviously be a great benefit, but if you
can’t remember all of them it may still be possible to do the problem. For instance, in the
above example, the verification may be accomplished without using the sum to product
identities (these are the ones I often forget), but it is more time-consuming (trust me, I did it

this way the first time).
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