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Rational Functions

P(x)
q(x)

Basic properties

f(Xx)= pP(x), q(x) are polynomials

(1) Defined, continuous, differentiable at all points where the

denominator g(x) does not equal O.
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Rational Functions

P(x)
q(x)

Basic properties

f(Xx)= pP(x), q(x) are polynomials

(1) Defined, continuous, differentiable at all points where the
denominator g(x) does not equal O.

Sometimes we can “remove” a discontinuity.
1+ X
1—x°

For X =—1: Ix_ A% _ 1

1—x° _M)(l—x)_l—x

IS discontinuous at X =1 and —1.




Rational Functions

P(x)
q(x)’

Basic properties

f(Xx)= pP(x), q(x) are polynomials

(1) Defined, continuous, differentiable at all points where the
denominator g(x) does not equal O.

Sometimes we can “remove” a discontinuity.
1+ X

1— Xx°
For X =—1:

IS discontinuous at X =1 and —1.

Defined and continuous at x = —1 and equals 1/2 there !



Rational Functions

P(x)
q(x)’

Basic properties

t(x)=

pP(x), g(x) are polynomials

(1) Defined, continuous, differentiable at all points where the
denominator q(x) does not equal 0

Sometimes we can “remove” a discontinuity.
- 1—X

f(X) = - 1—x°

1 . -
> for x=-1 discontinuity at x =1 cannot
be removed (why not?)

forall x=+1 now continuous at x = —1!




Rational Functions

P(x)
q(x)’

Basic properties

f(Xx)= pP(x), q(x) are polynomials

(2) At non-removable discontinuities, f(x) has a vertical asymptote.

1 >0 forx <1
y_1—X <0 forx>1
dy = ~> 0 = increasing
dx (1—x)

d’y 1 concave up for x <1
2 2 3 =
dx (1—Xx)

concave down for X > 1



Rational Functions

P(x)
q(x)’

Basic properties

f(Xx)= pP(x), q(x) are polynomials

(2) At non-removable discontinuities, f(x) has a vertical asymptote.
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Rational Functions

P(x)
q(x)’

Basic properties

f(Xx)= pP(x), q(x) are polynomials

(2) At non-removable discontinuities, f(x) has a vertical asymptote.

11X :i for x = +1

1—-x> 1—X

y:




Rational Functions
q(x)
Basic properties

pP(x), q(x) are polynomials

(3) Has horizontal asymptote if and only if deg q>degp.

y_1+ﬁ
1—X




Rational Functions

f(Xx)= P(X ), pP(x), q(x) are polynomials
q(x)

Basic properties

(3) Has horizontal asymptote if and olnly If degq>degp.

=4 X
fim y = fim 2% fim X

X—=4-00 x—+o00o 1 — X X— =400




Rational Functions
q(x)
Basic properties

pP(x), g(x) are polynomials

(3) Has horizontal asymptote if and oiﬂy If degq>degp.

1_|_X2 —+ X
I|r+n y = I|r+n ; — I|r+n i — —00 no horizontal
X—+00 X— 100 — X— +00
X - asymptotes !
X 1
—+ X

. . 14+x°

lim y = lim = lim 2—=+cc

X— —00 X— —00 1 — X X——00



Rational Functions
q(x)
Basic properties

pP(x), q(x) are polynomials

(3) Has horizontal asymptote if and only if deg q>degp.
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Rational Functions
q(x)
Basic properties

pP(x), q(x) are polynomials

(3) Has horizontal asymptote if and only if deg q>degp.

2 St
im y = lim =X gim X x = 9

X— 400 x—+o00 ] — X X— 400 —1




Rational Functions
q(x)
Basic properties

pP(x), q(x) are polynomials

(3) Has horizontal asymptote if and only if deg q>degp.

. . 14X -
Iim y= lim X 0 - y=0
X— 400 Xx—+00 1 — X° IS an horizontal
asymptote
. . 14x°
lim y= lim X 0

N xo o0 1 — X3 (in both directions)



Rational Functions
q(x)
Basic properties

pP(x), q(x) are polynomials

(3) Has horizontal asymptote if and only if deg q>degp.



Rational Functions
q(x)
Basic properties

pP(x), q(x) are polynomials

(3) Has horizontal asymptote if and only if deg q>degp.
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Iim y= lim ——= lim =—=-1
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Rational Functions
q(x)
Basic properties

pP(x), q(x) are polynomials

(3) Has horizontal asymptote if and only if deg q>degp.

i _ 1+x y=-1
XJTOO Y= XlToo 1—x -1 IS an horizontal
asymptote
. . 1+x
im y= lim X -1 (in both directions)

X— —00 X——00 1_ X



Rational Functions
q(x)
Basic properties

pP(x), q(x) are polynomials

(3) Has horizontal asymptote if and only if deg q>degp.
y




Rational Functions

Enzyme-substrate reactions
__a[S]
b + [S]

su bstrate

reaction rate
concentration



Rational Functions

Enzyme-substrate reactions

S
v(Is)= ba+[ [g]

dV([S]): ab___ Increasing

dIS] (b+[S])

dz\/<[S]): —2ab <0 concave down

d[ST  (b+[S])’

im V([S)= lim -1 _ 4  horizontal asymptote
[S]—+00 [S=+00 b+ [S]




Rational Functions

Enzyme-substrate reactions

S
Vi) ba+[ [g]

0 [S]



Rational Functions

Enzyme-substrate reactions

_ [S]
s <[S]> _Vmax b—|— [S]

max

0 [S]



Rational Functions

Enzyme-substrate reactions

v ([s])=V,, —]

MmaX b—|—[S]
M 1
Vmax e T \% <[S]) — Evmax
max [S] ivmax
b+[S] 2
[S]=Db
0

0 [S]



Rational Functions

Enzyme-substrate reactions

v ([s])=V,, —]

max b+[S]
1 1
Vi F-=====mmmmmmmmmmmeeee oo Vv <[S]) — Evmax
s1 1,
l\/ ] max b+[S] 2 max
: [S]=Db
0

0 b [S]



Rational Functions

Enzyme-substrate reactions

v ([s]) =V, —]

max Km _|_ [S]

2 often denoted by K, [S]=b

L/

0 b [S]




An Application

[S] \ substrate = ethanol

(Mol/L) | (Absorbance/min) enzyme = alcohol dehydrogenase (ADH)

0.0070 0.0600
product = acetaldehyde
0.0150 0.1100

0.0310 0.1600

0.0680 |  0.2100 v
0.1000 0.2300 o 0 o
0.2000 0.2800 o
0.3000 0.2900 b
0.4000 0.2800 o151 °
0.10-o
0.05-0

0.2
[S]
K. Dendinskas et al., J. Chemical Education 82(7), 1068 (2005)



An Application

[S] \ V=V_, [5]
(Mol/L) | (Absorbance/min) Ky +1[5]

0.0070 0.0600

0.0150 0.1100

0.0310 0.1600

0.0680 |  0.2100 v
0.1000 0.2300 o 0 o
0.2000 0.2800 o
0.3000 0.2900 b
0.4000 0.2800 o151 °
0.10-o
0.05-0

0.2
[S]
K. Dendinskas et al., J. Chemical Education 82(7), 1068 (2005)



An Application

[S] v voy_ Dl
(Mol/L) | (Absorbance/min) Ky +1[5]
0.0070 0.0600 “Eyeball” estimates
0.0150 |  0.1100 V.. 0.8
0.0310 0.1600 K, ~ 0.02
0.0680 |  0.2100 v

0.1000 0.2300 .

0.2000 0.2800 ]

0.3000 0.2900

0.15 4

0.4000 0.2800

0.10 4

0.05 -

0.00

K. Dendinskas et al., J. Chemical Education 82(7), 1068 (2005)



An Application

[S] \4 V =0.28 [5]
(Mol/L) | (Absorbance/min) 0.02+1[S]
0.0070 0.0600 “Eyeball” estimates

0.0150 0.1100

0.0310 0.1600

0.0680 0.2100

0.1000 0.2300 °0 o 0 o

0.2000 0.2800 ]

0.3000 0.2900

0.15 4

0.4000 0.2800

0.10 4

0.05

0.00 -

T T T
0.0 0.1 0.3 0.4

[S]

K. Dendinskas et al., J. Chemical Education 82(7), 1068 (2005)



An Application

[S] \4 V =0.28 [5]
(Mol/L) | (Absorbance/min) 0.02+1[S]
0.0070 0.0600 “Eyeball” estimates

0.0150 0.1100 Fit not so good.

0.0310 0.1600 We can do better ...

0.0680 0.2100

0.1000 0.2300 0 o o o

0.2000 0.2800

0.3000 0.2900

0.15 4

0.4000 0.2800

0.10 4

0.05

0.00 -

T T T
0.0 0.1 0.3 0.4

[S]

K. Dendinskas et al., J. Chemical Education 82(7), 1068 (2005)
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