Math 151
Section 3.4

Derivatives of Trigonometric Functions
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The Derivative of Sine

f(x) =lim

h—0

f(x+h) - f(x)
h

sin(x + h) —sin x

=lim
h—0

_lim sin(x) cos(h) + cos(x) sin(h) —sin(x)

h—0 h
_ Ih'”(] sin(x) cos(hh) —sin(x) N ng cos(x)sin(h)
- lim sin(x)(cas(h) -1) +cos(x) lim sinh(h)
= sin(x) Ihirrg%+ cos(x) |hin35i”—rfh)

= sin(x)(0) + cos(x)(1)
= c0s(x)

Rule 1: If f(x)=sin(x), f'(x) = cos(x)

The Derivative of Cosine

f(X)ZL‘”[} f(x+hr)]— f(x)
_ L'"g cos(x +h) —cos x
_lim cos(x) cos(h) —sin(x)sin(h) — cos(x)
h—0 h
_ ng cos(Xx) cos(hh) —cos(x) ng sin(x)sin(h)
- lim cos(x)(css(h) ~1) sin(x)lim sinh(h)
sin(h)

= Cc0s(X) ngg

+sin(x) ngg

cos(h) -1
h

= cos(x)(0) —sin(x)(1)
= —sin(x)

Rule 2: If f(x)=-cos(x), f'(x) =—sin(x)



The Derivative of Tangent
If f(x)=tan(x), then f(x)=sec’(x)
Derivatives of the six trigonometric functions
d .
—(sin(x)) = cos(x)
dx
d :
—(cos(x)) = —sin(x)
dx
i(tan(x)) =sec’(X)
dx
di (csc(x)) = —csc(x) cot(x)
X
di (sec(x)) = sec(x) tan(x)
X

d (cot(x)) = —csc?(x)
dx

Example 1
Find the derivative of y = 2csc(x) +5c0s(x)
y = 2c¢sc(X) +5cos(x)

y' = d (2csc(x)) + d (5cos(x))
dx dx
y' = —2csc(x) cot(x) —5sin(x)




Example 2

Find the derivative of y = ﬁsin(x)

y = \/;sin(x)

y = X2 sin(x)

9o bsinga -9 (sino| x2
y _dx[x jsm(x)+dx (sm(x))[x ]

1 1_1 1
y' = > X2 sin(x) + cos(x)(x2 ]

1 L 1
y' = EX 2 sin(x) + x?2 cos(x)

,_ sin(x)

24/x

++/X cos(X)

Example 3
Find the derivative of y =e"(cosu + cu)

y =e"(cosu +cu)

!

y :;—u(e“)(cosu+cu)+;—u(cosu+cu)e“
y' =e"(cosu +cu)+(-sinu+c"
y' =e" cosu +cue’ —e"sinu —ce"

y' =e"(cosu —sinu)—ce"(u—-1)




Example 4

Find the derivative of y = L+sin(x)
X + €c0s(X)

_ 1+sin(x)

X + €c0s(X)

d . . d
’ (x+ XCOS(X))&(].-F sin(x))— (1 + sm(x))&(x +cos(x))

y:

(x +cos(x) )’
y' o (x + xcos(x) )(cos(x)) — (L +sin(x) )L - sin(x))
(x + xcos(x))*
,  xcos(X) + xcos?(x) — (1-sin*(x))
y = 2
(x + xcos(x))

, _ Xcos(X) + xcos’ (x) —1+sin® X
(x + xcos(x))*

Example 5
Find the derivative of y = 1+ sec(x)
tan(x)
~ 1+sec(x)
tan(x)

tan(x) c?x (1+sec(x))—(1+ sec(x));lX tan x

y:

(tan(x))’
, _ tan(x)(sec(x) tan(x)) — (1 + sec(x)) sec? ()
= tan? x
., sec(x)tan®(x) —sec’(x) —sec’®(x)  sec(x)tan?(x) —sec®(x) —sec’(X)
y = 2 - 2
tan“(x) tgn“(x)

_sec(x)(tan®(x) —sec?(x)) —sec’(x) _ sec(x)(-1) —sec?(x) _ —sec(x) —sec?(X)
- tan®(x) - tan?(x) - tan(x)




Example 6
Find the derivative of y =e* cosx
y =e*cosx

y' = ieX (cos(x)) + L (cos(x))e”
dx dx

y' =e* cos(x) —e” sin(x)

Example 8

Find the equation of a tangent line to the curve y = sec(x) — 2cos(x) at the point (% ,1}
y = sec(X) — 2cos(x)
y' = sec(x) tan(x) — 2sin(x)
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