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Basic Rules (cont'd)

Suppose f(x) and g(x) are differentiable functions.
Then the following relationships hold:

MA 137 — Calculus 1 with Life Science Applications
The Product and Quotient Rule |

and the Derivatives of Rational and Power Functions

Cndii e (in prime notation) (fg)/(x) = £'(x) -£(x) + f(x) - £'(x)

s L0800l = SIFC1 80+ () - e

f(x)] X[f (] - g(x) = () - g)—([g(x)]
dx | g(x) [g(x)]2

in prime notation i , X) = fl(x) - () = fx) - g(x)
(inp tation) (g)( ) EOE
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' The PowerRuIevfor Negatlve Exponents e Example :| (Neuhauser, Example 41, p. 161

The quotient rule allows us to extend the power rule to the case where

the exponent is a negative integer:

Differentiate  f(x) = (3x + 1)(2x*> — 5).

If f(x) =t arid Where nisa posrtlve lnteger then f (X) —nx" "

1
Proof: We write f(x) — and use the quotient rule

0-x" —l-nx"1 nx" 1
f'(x) = [x]2 =TT T —nx{

n—1)—2n _ —n—1

There is a general form of the power rule in which the exponent can be
any real number. In Section 4.4, we give the proof for the case when the
exponent is rational; we prove the general case in Section 4.7.

Theorem (General Form)

/f f(x) = Where r is any rea/ number then f’(x) =rx1, E
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Proofs

Online Homework HW12, # 17) 7

Basic Rules of Differentiation

* -gz(x)=<3x+t)(2x2-s)
D&Jtls AN +e ol ke

X’ o= 3 <2X2"g> + Gxed (4= ;7 | (IﬂkDH-:Ferentiat; VY(u) : (u=2 4 u3)(u® + v?).

3? we ot += e/XFM we. 62/t

§/<x): 6x2-!s’ + 2 x+ 4 x
' J

= \&11+4x,1§
* W coutd ahe Bore miply H frclas in 469
¥(x): G627 —16x +2x° - S
= bx t2xr (v x~5
So  Heat
,F’(x): 18x° 42 -1 S
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Rules
Basic Rules of Differentiation Examples

Example 3:| (Neuhauser, Problem # 39, p. 166

\3:—513 Pxd—2x fo=-2
Assume that f(x) is differentiable. ,
2
Find an expression for the derivative of /\a = - 152 »]9(79 -5 ng/(x) -2
y = —5x>f(x) — 2x

at x = 1, assuming that f(1) =2 and f'(1) = —1.

HWC/L W€w/\ x = |

OO (ORI O O
I
!

—-15(2) — 5(-1)-2

- —30 +5 -2

- -2+
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broohs 7P<><>: ax +b
Online Homework HW12, # 19)
Differentiate  f(x) = ax+b

We e e 7w014\%;(‘
) Cx+d Y/

cx+d

where a, b, ¢, and d are constants and ad — bc # 0.

Example 4:

a(ex+d) — laxth) c
,\f/(x)z (¢ N @
(Cx+ol)
a/,-—a,i '-/0/4—' Lc,
— S
(Cx—e—ol)z

QD{—J?Q
(c;x +o€)z

(mn

Il

|
D)
~
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Proofs

Online Homework HW12, # 22)

Find an equation of the tangent line to the given curve at the
specified point:

y = X\f?) P(4,2/7).

http://www.ms.uky.edu/~mal37 Lecture 18

X+ 3

Aa - szr/ =
(xt3)7 (c+3>°

_ X+ 3 —2Ax _ 2 — X
- Qﬁ(xw)z LQR (x+3)°

o en 4(7/: Box e e Aet
2% (x+3)
{a/<>::¢;(4+3) B —4/-49
So y__;:—;-;’?? (*=-4)
_,.,iq—gx+ Zic‘v,*’;‘:

Basic Rules of Differentiation Examples
Proofs

E Neuhauser, Example # 6, p. 163)

Differentiate the Monod growth function
aR

where a and k are positive constants.
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Basic Rules of Differentiation

@,l)(k‘r?)" o R ( l)

ok
_ /,——--;' _—
&\aﬂ-Q)Z Qe‘(\z)
a k>0 W Mobce —L&a/t'

Example 7:| (Neuhauser, Problem # 84, p. 167)

Assume that f(x) is differentiable.
Find an expression for the derivative of
f(x)
YT r
at x = 2, assuming that f(2) = —1 and f'(2) = 1.
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Rules

Examples
Proofs

Basic Rules of Differentiation

Proofs:
4. We use the definition of the derivative, rewrite the numerator in a

‘tricky’ way and use the limit laws and the continuity of the functions.

aef i (fg)(x + h) — (fg)(x)

(f)() < Jim )
def i f(x + h)g(x + h) — f(x)g(x)
h—0 h
wick | f(x+ h)g(x + h) ’if(x)g(x + h) + f(x)g(x + h) l — f(x)g(x)
= h
_ fl]i_rpo [f(x + h,)7 — f(x) g+ h) + F(x) glx+ h,)1 - g(x)]

rule [,lﬂ’o f(x+hl)7— f(x)} [Aiﬂ‘og(XJrh)] . f(x)[),i;no g(x+h/)7—g(x)]

R F(x) £0) + F() 8 (x)
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Proofs

5. We use the definition of the derivative, rewrite the numerator in a
‘tricky’ way and use the limit laws and the continuity of the functions.
(f/g) (x) =

et i, (F/E)0x+) = (F/£)()
h—0 h
fx+h)  F(x)

o EOTR) 80) _ . Fx+Me() — Fx)g(x £ h)
h—0 h h—0 hg(x)g(x+ h)

e, FOH MEC) [—F(x)g(x) + F()g(x) | = F()glx + h)

it hg(x)g(x + h)

i [f(x+ h) —f(x) F(x) g(x+h)— g(x)]
h—+0 hg(x + h) hg(x)g(x + h)

" Jim flx+h) — F(x) - lim ! — lim ____f(x) - lim glx+h) —g(x)

=0 h h—0 g(x +h)  h—=0 g(x)g(x +h) r=0 h

cont oy L 0Dy F()e() — F) ()

=509~ fs0or® ¥ D
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