WKSHP 1475 WORKSHOP FOR CALCULUS I

9. Find the derivative using combination rules
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SECTION 4 SUPPLEMENTARY EXERCISES

1) Find the derivative using the Power Rule. Rewrite each term as an exponent if necessary.

— .3 -6
a) f(x)=5x""+3x"°-2 ¥ _4y2 18
-3 1 f) Y =—"—7—— (Do not use quotient rule!)
b) m(x) =x72 + 3xs X
c) y=6Vx—Vx 5x> —2x +1
2 8) fx)=—— (Do not use quotient rule!)
d y= B + 9x X

5
e) s(t) =t? +5

2) Find the derivative using the Product or Quotient Rule.
a) h(t) =@At+3)(t-7)

b) y=3xvx+5
+5
o0 p(x) ==
x2
VY=

3) Find the derivative using the Chain Rule and combination rules.
a) v(x) = (2 —4x)00

b) v(x) = —x3(2 — 4x)1%
c) y=vx?+3x+4

2
4) Find the slope of the tangent line to the curve f(x) =-3x"+X atthe point (2,—10) using the

differentiation formulas, and find the equation of the tangent line.

3
5) Find the slope of the tangent line to the curve f(X) =X atthe point (—2,—8) using the

differentiation formulas, and find the equation of the tangent line.

6) Find the slope of the tangent line to the curve f(x) =

! s at the point (5,—1) using the

differentiation formulas, and find the equation of the tangent line.



WKSHP 1475 WORKSHOP FOR CALCULUS I

Section 5: The Derivative of Trigonometric Functions

Derivative of all six Trigonometric Functions

Sine 6f—xsin(x) = cos(x) = —
Cosine ﬁcos(x) = —sin(x) <

Tangent %tan(x) = sec?(x) <

Cotangent % cot(x) = —csc?(x)

Secant :—xsec(x) =sec(x)tan(x) &———
Cosecant % csc(x) = — csc(x) cot(x)

Example: Find the derivative of the trigonometric function f(x) = 2x3 cos(5x) using the rules of
differentiation.

A derivative that requires a combination of the Product Rule and the Chain Rule

ProductRule: (fg) =f'g+g'f
The Chain Rule: %[f(g(x))] =f'(9(x) g'x)

:_x(2x3 cos(x)) = [:—x (2x3)] cos(5x) + 2x3 [:—x cos(5x)]
= 6x2 cos(5x) + 2x3(—sin(5x) * 5)

= 6x2 cos(5x) — 10x3 sin(5x)
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Exercise 1: Find the derivative of the following trigonometric functions using the differentiation rules.

a) y=2sinx

y'= 2 &, (sin6))

y= 2 casCe)
; = ¢in(2X) "'F ) 'PFE\
b) y = sin(2x) !:l =) w 7_ ¢ n [
x-3 u=2x -3 f=sinlu) _ “s{“) o , {.;i_;l;ﬁ;)cvf&) 2(“6() OO‘G() + 2sin 6‘)( SMN)
_= ;“ {?2‘)(”‘) f': 2:036‘) 5’: 'SI'A\G‘) 2 coS (;() 2 sia [x)
1 ceS

y'=2 (cos*(A)- sin &)

¢) y = xsinf) y'=2 cas (2)

f_"__lﬂ__(xl
£ ces(x)

d y= sin(xZ) 7’_- F16 W

- 1-SinGe)+ % cosGx)

Xl

X = Cos () 2%
Du= <t y'= 2% “,[x")
4 = sinlw)

e) y=sinf)= (n6) y'={) W
x =2u - w
Suz sinl) = 25in6)- casty)
EYIAN = sia (29

f) y=sin?(x?) = (g.'n (x\.))'l- %z= £(w)- w

-a,:l= < 20w w
-’)u;(‘d"sm{v) = ZSM{V) (os[\/) V
AR = 291\(\():0([\() 2x

- 4 sin (Deos (")

= 2x sin (2%)
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Exercise 2: Find the derivative of the following trigonometric functions using the differentiation rules.

a) r(x) = xcos(2x?) 4
£ x_|g:cos (%) ' .:x(.-ﬂ}x s':,{%‘ )
£ Is’-ﬂn(’lf"\"’x = - Y% sm(Zx )

b) g(x) = tan () A ery o

« dx
Su=2x = sec'(w)- W’
= Sec"(%") —'3
> £(W)=tonlu) =’
= .3 sec (ﬁXJ

O k() =escx oty s o)

£ cselx) | g cotl)
{';—gs((,.)md 5’: - ac*tr)

__ cos(2x)
d) h(x) - sin(x)+1

e) f(x)= +vsinx+5
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SECTION 5 SUPPLEMENTARY EXERCISES

=

v(x) = tan(Vx3 +2)
2. n(x) = 5cos3(x) — sin(2x)
3. g(x) = 2x?sec?(8x)

4. f(X) — sin(x) sec(5x)

3x2

_ cos(x)
- 2 sin(—3x)

6. y= 4/sin?(x) +5
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Section 6: Higher Order Derivatives

One can determine higher order derivatives by finding the derivative of derivatives. For example, the
second derivative is the derivative of the derivative of the function (or the first derivative). The third
derivative is the derivative of the second derivative, etc. The higher order derivatives are denoted by

! dy " dZy nr d3y (4) d4y n) dny
y=—,y ==,y ==,y =—F, ., Y = —
dx dx? dx3 dx* dx™

or in function notation f', ", f"", f®, ..., f™.

Exercise 1. Find f', f", f'"', f ® of the polynomial function f(x) = x3 — 2x? — 5x + 6. What is the
pattern for 4™ and higher order derivatives?

,IC‘_(X):;(S*‘ZQ“ 5)< +L

P)= B xS )20 024
£ ) = B~
’Fdf{)d: é
i M _p

Exercise 2. Find y',y", """, y™® of the rational function y = =. What is the pattern for 4" and higher

Rl
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; g W &y &y dly i v = Si : th
Exercise 3. Find T’ D2 and’ e of the sine function y = sinx. What is the pattern for 4" and

higher order derivatives?

|
N= sn ()() olw ‘l
—s 22 = cos(x)
Mo cost) T
dl{n-ﬂ.

ifyz—-sm(x) > —M—"""Zq'-: - Smfx)

olx*
i+
—n A Y _cos(x)

Y 2 cosx) T =
A\”' =~Co A)( A
Yya
ii‘é = sinlx) il - siald)  ,neN
v v nE 2'/115/"'1

SECTION 6 SUPPLEMENTARY EXERCISES

1.Find ', f", "', f® of the polynomial function f(x) = x* + 8x3 — 9x2 — 15x + 89 . What is the
pattern for 4" and higher order derivatives?

2.Find y',y",y"", y® of the radical function y = VX . What is the pattern for 4" and higher order
derivatives?

3.Find g',g", 9", g“? of the polynomial function g(x) = tanx . What is the pattern for 4™ and higher
order derivatives?
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Section 7: Derivatives and the Shape of a Graph

Critical Points

Let ¢ be an interior point in the domain of f. We say that c is a critical point of f if f'(c) = 0 or f'(c) is
undefined.

In other words, a point c is a critical point if it satisfies the following:
= cisaninterior point in the domain of f.
= f(c)is defined.
= Either f'(c¢) = 0 or f'(c) is undefined.

Intervals of Increasing and Decreasing
i If f'(x) > 0 on an open interval, then f is increasing on the interval.

i. If f'(x) < 0onanopen interval, then f is decreasing on the interval.

First Derivative Test

Suppose that f is a continuous function over an interval containing a critical point c. If f is differentiable
on the interval, except possibly at point ¢ then f(c) satisfies one of the following descriptions:

i.  If f' changes sign from positive when x < ¢ to negative when x > ¢, then f(¢) is a local
maximum of f.

ii. If f' changes sign from negative when x < ¢ to positive when x > ¢, then f(c) is a local
minimum of f.

iii.  If f has the same sign for x < c and x > ¢, then f(c) is neither a local maximum nor a local
minimum of f.

fl) <0 f'(x) >0
f is decreasimg on (—¢0,0) N\ n-/ f Is increasing on (0, )

[0 =0
¢ = 0 is a critical point;
f(0) = —1 is a local minimum
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Exercise 1. Curve analysis of a polynomial function: f(x) = 2x3 + 3x2 —12x — 8

16 (1, —-15)
7.

= Domain = (—0, ®); Range = (—o0, )

= Show Critical pointsarec = —2and c = 1.

= The point (—2,12) is a local maximum; the point (1, —15) is a local minimum

= Show the function is increasing on the intervals (—oo, —2) and (1, ) and decreasing on the

interval (—2,1)

FR= 2043 -1 -8
FI) = éxt+bx =12

Ceikical Points f&=0, 6 undefiaed Fird Denvative Test
s'ljh D;&Sr‘.v’\ U'F 'F/(*)

It -
X+ 6:: /(I?;((D) Fackort of $°00 || (c00)-2) |- | E2,) | 1 | (1)
& + |+ + |+ +
¢ (x4 % ~2)=0 . S P v b
( (x+2) (e-)=0 =) — |- = Jol+
640 x+41=0 or x-130 f/6) + ol — o |
X= -2 x= | P, \ »
2 cP@ xef-n 1} Somex @ x=-2 mal) x= )
£ /<) 18 wundefined oa xé¢ -F(_z}: |2 4{1):-)5

(-2,12) (1,-15)
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Exercise 2. Curve analysis of an absolute value function: f(x) = |x| — 3

6
5.
4
3
2
1

4 43 42 -1 A0 © B8 7 6 5 4 aN2 4 0 1 23 4 5 6 7 8 9 10 1 12 13 14
4
-2

-4

-5

=  Domain = (—o0, ®); Range = (—3, )

(0.-3)

= Show the critical point is ¢ = 0. The derivative f'(0) is undefined.

Why is f'(0) undefined? Hint: What is f'(x) on the interval (—o, 0)? What is f'(x) on the

interval (0,0)? Is it true that lim f'(x) = lim f'(x)?
x—0F x—-0~

= The point (0, —3) is a local minimum; there is no local maximum.

=  Show the function is decreasing on the interval (—o0, 0) and increasing on the interval (0, o)
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