3.4 Derivatives of Trigonometric Functions

SECTION 3.4 DERIVATIVES OF TRIGONOMETRIC FUNCTIONS

B Click here for answers.

1-8 m Differentiate.

1. y=sinx + cos x 2. y=cosx — 2tan x

. tan x
3. y=¢€e¥sinx 4, y=
X
sin x X
5. y=—— 6. y=—"-—""-—"-
y 1 + cos x y Sin X + €os X

7. y=tan 6(sin 6 + cos 0) 8. y = cscxcot x

9-10 m Find an equation of the tangent line to the given curve at

the specified point.
(7/6, 1)
10. y =secx — 2cosx, (7/3,1)

9. y=2snx,

B Click here for solutions.

11-22 m Find the limit.

11.

13.

15.

17.

19.

21.

. sinbt
lim

t—0 t

lim

x—0 x2sin x
. sin(sinx)
lim————
x—0  SiNX

cosxsinx — tanx

20.

22.

. lim

. lim

. lim

sin 8t
t—0 sin 9t

tan x
x—0  4X

im tan 3x
x—0 3tan 2x

tan x
x—m SN 2X

lim <|im°°‘°‘xs'”y>

y=0 \x=0 X —Yy

. sin(sinx
lim SNENX).
x—0 X
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Answers
I3 Clich here for exercises. Bl Clich here for solufions.
1. dy/dx = cosx — sinx 2. dy/dx = —sinx — 2 sec’ 7.y =sn6 — sinftand + singsec?9 + sech
3. dy/dx = e*(cosx + sinx) 8. dy/dx = —csc x (cotx + csc?X)
1 dy  xsec’ — tanx dy 1 )
v 2 5'&_1+cosx 9. y=3x+1-3:/37 10. y=3y3x+1— 73
6 dy _ (L+xsinx+ (1 —x) cosx 1.5 122 ¢ 1.0 14 153% 163 17.:
" dx 1+ sin2x .

18. 3 19. -1 20. -1 21. 1 22. 1



SECTION 3.4 DERIVATIVES OF TRIGONOMETRIC FUNCTIONS 3

Solutions

Clich here for exercises. I Click here for answers.
l.y=sinz+cosz = dy/dr=cosz—sinz ] sin 8¢ . sin 8t

, R 8 ) “MTe 81 8
2.y =cosz —2tanx = dy/dx =—sinz —2sec’x - ot *tlf}%g (singt) = o im sn9% 9.1 9
3.y =e"sine = =0 9

dy/dx = €® (cosx) + (sinzx) e® = e” (cos z + sin x)

2 . -
13. lim sin” 0 = lim (sln@) sinf = ;in% $in 0 ;in% sin @

_ tanz dy xsec’  — tanx =0 0 o0 0 0
4.y——x = % I ) =1-0=0
sinx tan x . 1lsinx 1
50 y=—-— 14. 1 = lim - .
1+ cosz z—0 4x z—04 x Ccos T
dy (14 cosz)cosx —sinx (—sinx) 1 lim sin lim 1
dx (14 cos :E)2 411 o0 X . r—0 cosT
—1.7.1=1
_cosx+ cos’x + sin? x 4 4
(1 + C()SI/E)2 sinBh 5S11§5h
o _coszt 1 — 1 13- %IE% tandh b 3tan3h
(14 cos x)2 1+ coszx 3
. I sin bh
boy=— = 5 oo Bh
sIn T + cosx =3 i Sin3h i 1
im - lim
dy  (sinz+cosx)— x(cosx —sinx) 5 hﬁol h 5 h=0 cos 3h
dr i  z)? =2.—=2
(sinz + cos x) 3°7.1"3
 (1+az)sine+ (1 —x)cosz tan 3
" sin?z 4 cos?2z + 2sinz cos tan 3z 3
. 16. lim = lim L
~ (I4z)sinz+ (1 —z)cosx 20 3tan2x  z—0 2tan2x
B 1+ sin2z 2
sin 3z 1
7. y = tan0 (sin@ + cos0) = 1 ;IE% 3z cos3z
/ . . 9 T 9., sin2z 1
y = tan6 (cosf — sinf) + (sin@ + cos ) sec” 6 ;13% o S o8 O
= sin0—sin@tan0+sin056020+secﬁ :1 1-1 :1
2 1 2

8.y =cscxcotr = 17. Using the identity sin® 0 = 2 (1 — cos20), or

dy/dz = (—cscx cotx)cot x4 csca (— csc? ) 1 — cosz = 2sin? (z/2), we have
—cscx (cot?z + escx — CcOos sin2
scz (co sc” ) lim 1—cosz lim 2sin” (z/2)
x—0 21‘2 x—0 21‘2
9.y =2sinz = 3y’ =2cosx = the slope of the . 5
1[,. sin(z/2)
tangentlineat(%,l)ichos%:2~§:\/§andan = 7 |lim 22
equationisy—l:\/g(x—%)ory:\/§x+1—%A 1(1)2 1
10. y =secx —2cosx = y' =secxtanz + 2sinx i 4 4 }
. . . Another Method: Multiply numerator and denominator by
= The slope of the tangent line at (%, 1) is Ly
COS .
sec%tan%+25in%:2\/§+2~§:3\/§andan .
tanx . sinx

equation is Yy — 1= 3\/§ ({L' — %) ory — 3\/51‘ +1-— 7T\/§A 18. xllEvl;lr sin 2x - g}lzgr cOST (2 sinxcosx)
sin bt 5sin 5t sin bt : 1 1 1
. . - L1 — lim _ _ =
: }lir(l) t }lir(l) 5t =9 }lir(l) 5 5-1=5 2o 2c08° T 2 (_1)2 2




4 SECTION 3.4 DERIVATIVES OF TRIGONOMETRIC FUNCTIONS

. cosrsinx —tanx . coszsinz —sinz/cosx
19. lim —————— = lim CR
@—0 r?sinx @—0 r?sinx

cos’ sinx — sinz

= lim oRE
z—0  x2sinxcosx
. coslz—1
= lim

x50 x2cosT

. —sin’x 1
= lim —
z—0 x COST

. 2
. sinx . 1
= — | lim lim
x—0 T z—0 COST

20. lim (lim w) — lim (ﬂ)
y—0 \ z—0 xr—y y—0 O—y

Note that
lim (nm 7@/) / lim (hm 711)

y—0 \ —0 Tr—vy y—0 xr—1vy

sin (sinz) sin (sin x)

21. lim lim since as x — 0,

z—0 sin sinxz—0 sinx
sinxz — 0. So we make the substitution 4 = sin x, and see

sin (sin x) I siny 1
—— = lim —= =1.

that lim >
x—0 smx y—0 Yy
2. Tim sin (sin x) ~ m sin (sin z) sinz

z—0 x z—0 sinz T

_ [lim sin (sin x)} [lim sinx}
c—0 sinx 20 T

=1-1=1

See Exercise 21 for a proof that lim w =1

z—0 sinx



