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Derivaiives of Trigonomeiic Functions 149

Derivatives of the Basic Trigonometric Functions

If u is a differentiable function of x, then:

] d . du
. ———SIn =Ccosu—,
o dx

. du
2. —cos u = —sin u—,
dx dx
d , du
3. —tan u = sec’u—,
~ dx

4 d ¢ du
. ——Sec u = sec u tan u—,
dx dx

du
—CSC u cot u—,

5 d
. —CSC u
dx dx

d
6. Ecot u = —csczuzu.

-ROBLEMS
= Problems 1-36, find dy/dx. Assume that each of the equations in Problems 37-41 defines y
1. v =sin(x + 1) 2.y = —cos x asa differentiable function of x. Find dy/dx by implicit differen-
tiation.
3. v =sin(x/2) 4. y = sin(—x) on .
- 37. x=tany 38. x=siny
.y =cos S5x 6. y =cos(—x) ) .y “ X
- (~2%) 8 in 7x 39. y* = sin"2x + cos*2x 40. x +siny = xy
. ¥y =cos(—2x . y=sin
’ . Y 41. x + tan(xy) = 0
¥, v=sin(3x + 4) 10. y = cos(2 — x) i . . :
T 2. v =si 42. Assume that the equation 2xy + 7 sin y = 27 defines y as
YT XS -y =sin St —1) a differentiable function of x. Find dy/dx when x = 1 and
2 v=xsinx + cos x 14, v = .l y=m/2.
s x 43. Find an equation for the tangent to the curve x sin 2y =
. I 16 sin x ¥ cos 2x at the point (7/4, 7/2).
i~ v = . y = —
: cos x cos ¥ Find the limits in Problems 44-51.
Toy=secx ~ 1) 18. y = cot(—x) :
] 8. ) 1 1 .
’ 44. lim sin (— - —) 45. lim —22X
Wy =sec(l — x) 20. y = 3 2 x 2 ¥4 cos X
: cos x 46. lim cos’x 47. lim sec(l + cos x)
- 21, v =tan 2x 22, y = cos(ax + b) = e
22w =sin*kx 24. y = sin® + cosx 48. £% (sec x + tan x)
€ = ancl e g2
= ¥ =cos"Sx 26. y = cot’x 49. lim x csc x
Tovo=tan(5x — 1) =0 @t h s
— sin
3. . =sinx—xcosx 50. lllmaﬂna—h—a
X =2sinxcosx 30. v =sec(x® + 1)
. k . cos(a+ h)+cosa
T.v=V2 + cos 2x 32, y =sin(l — x?) 51. lim h
== ) = 2 — 2 . . .
= =cosVi 34. y = secx — tan'x 52. Find an equation for the tangent to the curve y = sin mx at

In

1+ 2x =
L= \/% (Hint: Use a half-angle formula first.) x=0.

53. Graph y =tan x and its linearization y = x together for
- = sinx? —wf4<x<7/4.

#




58 Chapter 2: Derivatives
1
o sin (A+B) sinAcosB + cosAsinB cosAcosB
32, tan(A+B) = : -
cos (A+B) cosAcosB - sinAsinB 1
cosAcosB
sinAcosB cosAsinB
cosAcosB cosAcosB  tanA + tanB
cosAcosB sinAsinB 1 - tanAtanB
cosAcCoOsB COsAcosB
tanA + tan(-B) tanA - tanB
tan (A-B) = tan(A+(-B)) = =

1 - tanAtan(-B) 1 + tanAtanB

2.7 DERIVATIVES OF TRIGONOMETRIC FUNCTIONS

1. y = sin(x + 1) =y"' = cos(x + 1)

3.y =sin (5) =y =%cos(§)

5. y = cosbx = y' = -5sinbx

7. y = cos(-2x) = cos(2x) = y' = -sin(2x) (2) = -2sin(2x)
9. vy = sin(3x + 4) = y' = 3cos(3x + 4)

11. y = xsinx => y' = xcosx + sinx

13. y = xsinx + cosx = y' = xcosx + sinx - sinx = xcosx
15. ¢y = cosx secx = y' = secxtanx

17. y = sec(x - 1) = y' = sec(x - l)tan(x - 1)

19. vy = sec(l - x) = y' = -sec(l - x)tan(1l - x)

2. y = tan2x = y' = 2sec?2x

3. y = sin?x = y' = 2sinxcosx = sin2x

2. vy = c0325x = y' = -10cos5xsin5x (=-5sinl0x)

7. y = tan(5x-1) = y' = Ssecz(Sx—l)

2. y = 2sinxcosx = sin2x = y' = 2c082x_1

31 y = JZ + cos2x = y' = é%Z + cos2x) 2(-25in2x)— “sin2x

,/2 + cos2x
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33. y—cost :ﬂ-_Sln‘j"( —1/2)_ s:.:jlix
2

l+cos2x /
35. 4\/ cosx—lcosxl :—!-—31nx;rcosx>0

andsinxif cosx<0.

37. x=tany :1=sec2yﬂﬁﬂ= 12 =coszy
dx dx sec’y

39. y? = sin%2x + cos%2x =

2y %% = 4(sin32x) (cos2x) (2) + 4(cos32x) (-sin2x) (2)
= 8sin2xcos2x(sin?2x - cos22x) = 4sindx (-cosdx) = -2sin8x
dy _  sin8x
dx - \%

41. x + tan(xy)—O = 1 + sec {(xy) [y + x _]

dy
1+ ysec (xy) = —xsec (xy) —
dx
2
dy (1 + ysec (xy))
dx 2
xsec (xy)
dy _ _ 1
or = -3 [cos?(xy) + y]
, : dy . . dy
43. xsin2y = y cos2x = 2xcosZyd— + sinZ2y = -2ysin2x + costd—
b4 b'e
K T T
Evaluating at (Z'E):
2(&) (cosm L + sinn 23 L) sinZ + (costy Y
—) (co —_ i = -2(=— — —)—
dx 2 2 dx
T d d
o Yy
2 dx dax

y - ':’23 = 2(x - %) = y = 2x is the equation of the tangent.

., sinx
45. 1lim = lim tan x =1
x COS =
—) - X—y—
4
47. 1lim sec(l+cosx) = sec(l+cosm) = sec(l-1) = secO = 1
X%

49. 1lim xcscx = lim

x—0 . x>0 sinx



