CALCULUS
The power rule




Recall: f/(z) ‘= lim

Lf(z+ h)] = [f(z)]

h—0 h

e.qg.:

Predict: f/(2)

Let f(x) = 1.

slope = 0

y =1

i

2 €T
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h

h

/a/t/angent line to a line is the line itself

a+mI =@ _1-tize o o0

1= f/(a) = 0

1

.— C

=0




Lf(z+ h)] — [f(2)]

Recall: f(z) ‘= lim
f'(x) Jim ;

e.qg.:

@@+ W] = @] _e—erze

Let c € R.
Let f(x) = c.

Predict: f/(2)
v1 slope =0

y==~c

5,
any tangent line to a line is the line i
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h

=0 —0,ash—0
h

L= p@) =0

=0

tself




Lf(z 4 h)] — [f(2)]
h

Recall: () ‘= lim
f(x) Jim

Predict: f(2) =1

y=1

e.qg.:

Let f(x) = =.

any tangent line to a line is the line itself

[fx+n)] = [f(=x)] _ [x+h]—[x]nzo
h - h —

1 —1,as h—0

D = fa) =1
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Lf(z 4 h)] — [f(2)]
h

gef'n

Recall: fi(z) = lim
f'(x) jm

Predict: f/(2) >0

e.g.:
fi(=2) <0
Let f(z) = x%.
f/(0)=0
(z 4 h)*= Ax23h +622h? +4xh3+1 K4
(z + h)* — 2%

h
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gl ge Lf (z 4+ h)] = [f(2)]
Recall: f'(x) : _}ILTO ;

Predict: f/(2) >0

e.qg.:

Let f(z) = z2.

(z 4+ h)*¥= |] zYM4+4 23h +622h2 +4 2h3 41 R?
(x 4+ h)* — 2% = 423h +622h? +42h3 + h?

(z +R)* —a%nzo0
h

4g3 |4+62°h +4xh? + h3

—>4l$3, as h— 0 \*0

9% = F(2) = 423 ;
dx

53.1




Lf(z 4 h)] — [f(2)]
h

gef'n

Recall: fi(z) = lim
f'(x) jm

Predict: f/(2) >0

e.g.:
— 2D
Let f(z) = =°. .
f/(0)=0
(z 4+ h)>= 52%h +1023h2 +1022h3 +5zh* 4+ 145
(z + h)° —z>

h

53.1




gl ge Lf (z 4+ h)] = [f(2)]
Recall: f'(x) : _ATO ;

e.g.: Predict: f/ (2) >0

f'(= 2) 6

f’(O)O

(x 4+ h)¥=12294+52%h +1023h2 +1022h3 +5zh* +1R5
(x 4+ h)° —z° = 52%h +1023h2 +1022h3 +52h% + KO

x4+ h)° — 2
( ) "Z% 24 11023k +1022h2 +52h3 + B4

—>5.1:4, as h— 0

Let f(z) = =°.

9 28] = f'(a) = 5a* ;
dx
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Lf(z+ h)] = [f(z)]

Recall: f/(z) ‘= lim

h—0 h
d
e.g.:. —[z°] = 524
dx
d
— [2%] = 423
dx
d
—[z°] = 524 9

3.1 dx




Recall: f/(z) ‘= lim

Lf(z+ h)] = [f(z)]

h—0 h
d . &  d 1 11 1 1
9. —[z°] = 5z* — = == = =
=9 a:[w ] B : da:[\/g] 2/x 2:131/?/2
|
dioay_, 3 1+ Grao 1oz
¥ = 4q : e tl= 5
_____ True forn=4,5. , _ Trueforn=1/2.
cf. §3.1, p. 74 _
| e I DI
THE POWER RULE:|' 7, |7] = 22 2

vintegers n > 1,
d
—[z"]=na" !
dx

Not quite true for n = 1:

d
Bl
dx

d

1

=l =4
w '}

53.1

d > 1y 1yp—-1-1
a[ﬂi‘ = (-1)

True for n = —1.

10




Lf(z+ h)] = [f(z)]

Recall: f/(z) ‘= lim

h—0 h

d ' d . _
dx l dx

|
d | do 127 _ 1 (1/2)-1
—la?] = 40 I L e /

|

|

True forn =1/2,—1.

d [ 1 -1
THE POWER RULE:|! dz L/E]  2x/z

d
Vintegers n > 1, d_[g;—l] = (=1)z~1-1
I

d n n—1

— | = nNx

dfc[ | | —1.
"Not quite true for n = 1:

d

11

d
3.1 * 1ol




Lf(z+ h)] = [f(z)]

Recall: f/(z) ‘= lim

h—0O h
d | d
dx ! dx
I
dioay_,3 o+ Grao 1oz
¥ = 4q : Lz 5
True for n = 4,5. | True for n =1/2,—1.
____________________ R e S G A et S
cf. §3.1,p. 74 |t d[1]_ -1 _ 11 1
THE POWER RULE:|! dz |vz| 23y  2xzl/2
|
' 1
Vintegers n > 1, : — —533—133—1/2
d ny — n—1 :
da’:[m |=na : /
____________________ |
Not quite true for n = 1: 1 i[x—1/2] — _Ex(—l/Q)—l
d : dx 2
|

12

d
Ll = L) =1 o0
310" dx Vi1 True for n = —1/2,




Lf(z+ h)] = [f(z)]

Recall: f/(z) ‘= lim

h—0 h
d |
e.g d—[a:5] = 5g4 :
dx . Trueforn=1/2,—1.
—[z%] = 4283 . True for n = —1/2.
dx :
|

True for n=1/2,—1.

THE POWER RULE: THE POWER RULE:

|
|
I
|
|
'[(GENERAL VERSION):
|
|
I
|

vintegers n > 1, vn € R,
d n n—1 d
da’;[x ] , da:[x ]x#onaz
"Not quite true for n = 1:

d

13

d
d_[xl] — d_[;p] = 1\\(&%0
3.1 * 1211

True for n = —1/2.




e @4 R)] = [f(@)]
Recall: f'(x) := A@O ;

d |
e.g d—[a:5] = 5g4 :
dx . True forn=1/2,—1.
—[z%] = 4283 . True for n = —1/2.
dx :
|

THE POWER RULE: THE POWER RULE:

|
|
I
|
|
'[(GENERAL VERSION):
|
|
I
|

vintegers n > 1, vn € R,
d n n—1 d
™ = nx e — n—1
"] | &z
"Not quite true for n = 1: Proof and study of

d

|
: x = 0 case deferred until
|

logarithmic differentiation. H

d
d—[xl] — d—[m] = 1\\@%0
3.1 * 111




Example: Differentiate the function.

53.1

f(z) =13
fllz) =0 M
d
e V13
WARNING: %[\/5]
d
[g[ﬁ]lx:—ﬂ3

N
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Example: Find an equation of the
tangent line to the curve at the given point.

y=9z, (32,2)

y = z1/5
Z—zz(l/S)a’:
= (1/5)z~*
dy _ b5 g
[dx]ﬁ?ﬁ—(l/ )(32)" 45 = L

y—2:8—10(33—32). 16
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Example: Find an equation of the
tangent line to the curve at the given point.

y:

Yz, (32,2)

WRONG: y—2=(1/5)z"45(x — 32)
NOT EVEN LINEAR

53.1

2 =gs(z—32) M

17




Example: Find an equation of the
tangent line to the curve y = x - J/x that is

: — N\
parallel to the line y =1 + 4z. 3/3..1/3 _ _4/3

e Ya) = —[x4/3] = [4/3][Y/

dx
(3/4)  x [ [4/3]x}3] =4
(4B =3 )
r = 33 =27
T - %}x:—)QT — (3) =81
Point: (27,8 f Slope: 4

. ' 18
Equation: y —81 =4(x —27)M

53.1




53.1

Whitman problems
63.1, p. 48, #1-6

Whitman problems
§3.1, p. 48, #7
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