02-18-25 MTH 263

1.6 Higher Order Derivatives
page45:1,3,7,9
2 Derivatives of Common Functions
2.1 Inverse Functions

page 50:1, 3,5
Exam 1 stem & leaf
53.16667 mean A-0
47 /median 858 B-2
20.73979 st. dev 78 CA1
20 min 63 D1
88 max 509 F-8
12 count 424
3379
20
1.6
Memorize

Notation for the second derivative of y = f(x): The following are all equivalent:

dzy d? " 2) .. % d2f
W’ W(f(x)),y PR s Yo f(x)> W5

Notation for the rn-th derivative of y = f (x): The following are all equivalent:

@), P , D*f(x)

() 'y  d* w  af n
@, X @, w0, T D
memorize
d’y _ d (@)
dx? dx \dx
dy _ d (d_zy) _ 2 (@)
dx3 dx \ dx? dx? \dx

T oden-1

dx™ dx
Memorize

d"y d (dn—ly) dr1 (dy)
dxn—1 dx

s(t) = position at time ¢

v(t) = velocity at time ¢

= Z = s'(t) = s(p)

dt
a(t) = acceleration at time ¢
d
= jl; = v'(®) = 0(8)

2
d (ds) _ S~ s

dt\dt) ~ di?
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Supplied

n

")y = n! for all integers n =0
dx™
Supplied
n+1 n
d_(xn) _d (d (e )) - i(n!) -0
dxntl dxc \dxm dx
The (n + 1)-st derivative (“n plus first derivative”) of a polynomial of degreeln is 0:
n+
For any polynomial p(x) =ag + a1x + asx® + --- + anx” of degree n, ] (p(x)) = 0.
Prove by math induction
n
(™) = n! for all integers n =0
dxm
bas, qu Lt v =0 ) Arvene 2 )
) 7
4 °> tol
prdl
2 =

N lﬂm ¢ ‘A'VC by 4 “ﬂ"“'(

A dme J/\’\ (Och) = V)l. )(av v fldkfd’

A" 20, nct

T d ()] Aol
A(/h<jx )) dn, Wishge derlise

%O( n!) ‘%(h‘,) wofl by

2.1
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Definition: a function f(x) is one-to-one (1-1) if

flo)=fd)>c=d

Derivative of an Inverse Function: If y = f(x) is differentiable and has an inverse
function x = £ ~1(y), then ! is differentiable and its derivative is

dx 1 dy

— = = if — #0.

dy dy ! dx;é
dx

Example 2.1

Find the inverse f~1 of the function f(x) = 3 then find the derivative of f~1.

Solution: The function y = f(x) = x2 is one-to-one over the set of all real numbers (why?) so it has an
inverse function x = f ~!(y) defined for all real numbers, namely x = f ~1(y) = Iy

The derivative of f ! is

dx 1 1
v - T 52 which is in terms of x, so putting it in\ terms of y yields
Y dx x N Z >/ 2

= 1 _ 1 g{k ( ) ( 7/ - / 5> e _/
- 2 = 2/3 = -
3(¢3)° B A L 3
which agrees with the derivative obtained by differentiating x = /y directly. Note that this derivative
is defined for all y except y = 0, which occurs when x = ¥/0 =0, i.e. at the point (x,y) = (0, 0).

Ty &/’)v) | /| ¢ J-‘\oA 764'67/)
Acrnme f(@) 77((A> Y= 353 S itk }4/7

(,3/ 3 gcé\/g JO\\}@\)CJV\/

=Yg v= Y n replase ¥
oz wi e ch’()é)

e ! - :
A R T S e ]
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horizontal shift 2 units right
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6.66 | V¥
B(x)=x2+3
e
/ ) f2(x)=x2
1 / ( )/'} i
10 1 10
£2:(1,1)
-6.66 £3: (1,4)
o B(x)=x2+3
()
/ f2(x)=x2

iAo |

f4(x)=x -3

()

£2:(1,1)
3:(1,4)
6.66 f4:(1,2)

f2(x)=x2

£a(x)=(x+2)>
horizontal shift 2 units left 1 B(x)=(x—2)2 |



Memorize

Theorem 1.4. Reflections. Suppose f is a function.

e To graph y = —f(z), reflect the graph of y = f(z) across the z-axis by multiplying the
y-coordinates of the points on the graph of f by —1.

e To graph y = f(—=), reflect the graph of y = f(z) across the y-axis by multiplying the
z-coordinates of the points on the graph of f by —1.

Memorize

Theorem 1.5. Vertical Scalings. Suppose f is a function and a > 0. To graph y = af(x),
multiply all of the y-coordinates of the points on the graph of f by a. We say the graph of f
has been vertically scaled by a factor of a.

e If a > 1, we say the graph of f has undergone a vertical stretching (expansion, dilation)
by a factor of a.

e If 0 < a < 1, we say the graph of f has undergone a vertical shrinking (compression,
contraction) by a factor of %

lﬁ\

6.66 | V¥

f7(x)=sin(§)

5 (x) =sin(x)

-10

10,

! i

-6.66

MTH 263-003N Page 5




