Derivatives of Standard Functions

Power Function y= f(r)=2a"

f'(x) = raz"~! (whenever the
formulas make
sense)

r—1

or (alternate notation) g—g =rx

Derivatives of “Combinations”of Standard Functions

c = a constant
y = f(x) and z = g(z) differentiable functions

Constant multiple rule (c¢f(z)) =cf'(z) or déiy) =cZ
Sum Rule (f(x) +g9(x)) = f'(z) + ¢ ()
or % — Z_Z -
Difference Rule (f(x) —g(z)) = f(x) — ¢ (x)
or dly—z) _ dy _ dz

dx d



Q1: (5,3)is on the graph of y = f(z) = £ + <. Find the normal
line to the graph at (5, 3). (The normal line is the line
perpendicular to the tangent line at the point.)

A)y=3r—12
B)y:%x—l—él
C)y = dx — 22

D)y = — bz + 28

E)y = —%334—4



/ e fle+h)+ fx)  qe o aqtth gt
f'(x) = lim — }1&% -

>

!

e}
>

13 ax(ah—l) T lieal—1 . ah—1 T
= lim 5= = o® fim o5t = (fim 5= - a
For a = 2 and a = 3, estimate lim“hh_1
h—0
2h -1 3h -1
h h h
1 1 2
0.5 0.82843 1.4641
0.1 0.71773 1.1612
0.01 0.69556 1.1047
0.001 0.69339 1.0992
! !
0 sk 2 0.69%kskkkx ~ 1.1
! f
— 0001  0.69291 1.098
— 0.01 0.69075 1.0926
— 0.1 0.66967 1.0404
—0.5 0.58579 0.8453

—1 0.5 0.66667



Derivatives of Standard Functions

y=flz)=2"

Power Function f(x) = ra"1 (whenever the
formulas make
sense)

or (alternate notation) % = rg’!
Exponential Functions y= f(x) =¢€"

or (alternate notation) g—i = e’
y=f(z)=a”

f'(x) = (constant) - a®

-

depends on a

exact formula after a few more
lectures)

Approximations (for now)
flx) =27 f'(x) =~ 0.69 - 2*

flz)=3" f(x) ~ 1.01- 37



|-

Q2: y = f(x) = 5e” — = + <. Find f'(1)
A) 0

B) e

C) 2e

D) 3e

E) 4e






Throughout the rules below, assume f(x) and g(x) are
differentiable.

ProductRule (f(z)g(z))" = g(z)f'(z) + f(z)g (=)

Why?  (f(2)g(x))’ = lim Hethate bl Il

| (TRICK!!)

flet+h)glx+h)— f(w)g(w+’;b) + f(z)g(z+h) —f(x)g(x)

hm(f<x+h>g<x+h>h f@aleth) | fale+h) f(x)g(w))

i (Ut = I@) g+ 1)\ i (Lot h) — g(a)
h h—0 h

y i [ FG4h) — )
A glz + h)hlg(l)( h

' (g(z+h) —g(x))
—l—f(x)hm(g 7 )

h—0

= g9(z)f'(z) + f(z)g'(z)



Alternate notation: v = f(z)v = g(x)

%(uv) = ug—z + vg—";



/ ’
Reciprocal Rule (L) =G ?;)“;)2 (assuming

g()
g(z) # 0)
Why?
(L)/ _ hmm_ﬁ _ lim% _ limg(x)—g($+h)
9(z) B h—0 h B h—0 h B h_>0hg(£€) glz+h)
T 1 - _ (g(=z) —g(z+h)
= lim ooy lim ( 3 )
i f i, 9@t h)—g(z)
= lm o ( Lim === )
_ _—g@ _ —d()
9(z) g(x) (9(z))?
_dv
Alternate notation: %(%) = —2% (assuming

v=g(z) #0)



f@)) _ g=@)f(z)—f(x)d (x)
Quotient Rule ( 9@ = 0@

(assuming g(x) # 0)

Why? The Quotient Rule is true because of the product and
reciprocal rules:

(18) = (@)

Alternate notation: ( ) = Jde _tds (assuming

v # 0)



Example y = f(z) =

A)0
B) ¢
C) 2¢
D) 3¢

E) 4e

Method 1 (simplify a bit first) f(z) = &1

(z+1)e”
x

. Whatis f/'(1) ?

et = (14 1)e”

X

By the product rule: f/(z) = (1+ 1) (e") +(1+ 1) e”

or by the quotient rule:

f (=)

=(1+73) () + (= 3)e’

(anything more is just algebra to try to make the
answer a bit neater)

_ (e et w(zt1l)et—e”
- x x? z?
ez +1) 1) e(xita—1)
- x? _ x?

fz) = (x+1)e*

xet + e’
T T

oz %(ze”—l—e’”) — (xe® —|—e‘”)%(x)
= 2
T

x(ze®+ e+ e*) — (ze*+e?)
2
T

(2" 2w e”) — zet—e?)




Example

The biomass B(t) of a fish population is the total mass of the
members of the population at time 1. It is the product of the
number of individuals N(r) in the population and the average
mass M(t) of a fish at time 7. In the case of guppies, breeding
occurs continually. Suppose that at time 1 = 4 weeks the pop-
ulation is 820 guppies and is growing at a rate of 50 guppies
per week, while the average mass is 1.2 g and 1s increasing at
arate of 0.14 g/week. At what rate is the biomass increasing
when 1 = 47



Table of Differentiation Formulas

d d ny — n—1 d XY = p¥
Z(C)—O Z(x) nx dx(e) e
(cf) =cf (f+9 =f+4¢ (f=9' =f-4
(f9) =fg' + gf’ (£> M/ A _zfg

g g




