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EXAMPIE 5 Calculat" ltS 
x cot x.

S0LUTIoN Here we divide numerator and denominator by x:

l i m x c o t x : l i m  
t c o s - r

;;o-- 
- - 

.x+o sin x

: lim 
cos 'x -

x-o Sifl .x

;

lim cos x
x + 0

sin x
lim -
x - 0  X

(by the continuity of cosine and Equation 2)cos 0:
1

- 1

3.5 Exetcises

l-16 tttt Differentiate.

l. /(x) 3 sin x

3 .  y :  s i n x  *  l O t a n ;

5. g(t) : t3 cos t

7 .  h @ ) :  0 c s c  0  -  c o t 0

x
9 .  y :-  cos.x

sec 0
t t  f  t A \  -

2. f (*) : .r sin.x

4 .  y : 2 c s c x  *  5 c o s . r

6. g(t):  4 sec t + tant

8 .  Y:  u(a cosu *  b  cotu)

1 *  s inx
|0. y: ----,--

'  x  +  COSX

tanx - |
1 2 .  y :- sec -x

14.  y :  csc g  (g  *  cot  0)

16. y : x sin x cos x

I  r .  /(o) 1 * s e c O

d
17. Prove that , (csc x) : -csc x cot x'

ax

d
18. Prove that f (sec x) : sec x tan x'

ax

19. Prove tnat!(cot.x) :  -Qsc'x.
dx

20. Prove, using the definition of derivative, that it f (x) : cos x'

then /'(x) : -sin x'

2l-24 tttt Find an equation of the tangent line to the curve at the

25. (a) Find an equation of the tangent line to the curve

y : x cos .r at the Point ln, - n)'

ffi @) Illustrate part (a) by graphing the curve and the tan

on the same screen.

26. (a) Find an equation of the tangent line to the curve

y : sec x - 2cos r at the Point (nl3, l) '

ffi @) Illustrate part (a) by graphing the curve and the tar

on the same screen.

27. (a) If f (x) : 2x t cot x, find /'(x)'

ffi (b) Check to see that your answer to part (a) is reasonr

graPhing both / and f' for 0 ( x I n'

28. (a) If /(x) : J* sin x. find f 
'(x)'

ffi 0) Check to see that your answer to part (a) is reason

graPhing both / and f' for 0 < a 4 2n'

29. For what values of x does the graph of /(x) : x * 2 t

a horizontal tangent?

30. Find the points on the curve y : (cos x)lQ + sin x) e

the tangent is horizontal.

31. A mass on a spring vibrates horizontally on a smooth

surface (see the figure). Its equation of motion is x(r)

where r is in seconds and x in centimeters'

(a) Find the velocitY at time r'

(b) Find the position and velocity of the mass at time

t : 2n/3.In what direction is it moving at that ti

srn.r
13. y : ----;-- x '

1 5 . y : s e c 0 t a n '

given point.

21. y : tan x, (nl4,l)

23.  Y: x *  cos x,  (0,  1)

22. y:  (1 + x)cos.x,  (0,  1)

1
24. y : --:------.-, (0, 1)-  s l n x + c o s - r

$ "quilibrium|$ 
losition

t$ i

n -*
0 x x



43. lim 
sin 0

o + o  Q * t a n 0

SECTION 3.6 THE (HAIN RULE

, .  , .  s in(x  -  1)
t t .  r r r u

x - r X z - l x - 2

175

rln elastic band is hung on a hook and a mass is hung on the
end of the band. When the mass is putled downward and

released, it vibrates vertically. The equation of motion is
= 2cos t * 3 sin t, t > 0, where s is measured in centi-

and t in seconds. (We take the positive direction to be

Find the velocity at time r.
Graph the velocity and position functions.
When does the mass pass through the equilibrium position
for the first time?
How far from its equilibrium position does the mass travel?
When is the speed the greatest?

ladder 10 ft long rests against a vertical wall. Let g be the
between the top of the ladder and the wall and let x be 46.

distance from the bottom of the ladder to the wall. If the
of the ladder slides away from the wall, how fast does

change with respect to g when 0 : n/3?

object with weight W is dragged along a horizontal plane
a force acting along a rope attached to the object. If the rope

an angle 0 with the plane, then the magnitude of the
ls

F : 1t'w
pcsin 0 * cos 0

p is a constant called the cofficient of friction.
Find the rate of change of F with respect to g.
When is this rate of change equal to 0?
If W: 50 lb and LL : 0.6, draw the graph of F as a func-
tion of 0 and use it to locate the value of 0 for which
dFld| :0. Is the value consistent with vour answer ro
part (b)?

45. Differentiate each trigonometric identity to obtain a new
(or familiar) identity.

sin x
( a ) t a n x : -

COS ,Y

I
(b) sec

cos 'X

( c ) s i n x * c o s  r -  
r ] - c o t x

csc x

A semicircle with diameter PQ sits on an isosceles triangle
PQR to form a region shaped like an ice-cream cone, as shown
in the figure. If A(0) is the area of the semicircle andB(0) is
the area of the triangle, find

47.The figure shows a circular arc of length s and a chord of
length d,both subtended by a central angle g. Find

lim
0-0+

of this chapter do not

sin 3.r
^

tan 6t

sin 2r

sin(cos 0)

sec 0

cotZx

csc J

36. lim 
sin 4x

x-o sin 6x

38. lim 
cos o - 1

o+o sin 0

40. timil3
, + 0  t -

42. ,._ 
sin x - cos x

x-n/4 COS 2X

s

d

3.6 lhe thain flule

Suppose you are asked to differentiate the function

F(x) : Ji' +1

The differentiation formulas you learned in the previous sections
enable you to calculate F'(x).


