CALCULUS
Limits of power functions




The domain of e, ", t", etc.
Any r € Q\{0} can be written r = £p/q,

with p,q > O integers, not both even.
8/28 = 4/14 =2/7
12/32 =6/16 = 3/8
24/56 = 12/28 =6/14 =3/7
~or all p,g > 0 integers, p odd, ¢q even,
pP/4 = /2P = [/z]P has domain z € [0, c0)
and z7P/4 := 1/[zP/9] has domain z € (0, c0).

23/8 := V23 = [8/Z]3 has domain z € [0, o)
and z73/8 := 1/[23/8] has domain z € (0, ).

23/7 = /43 = [//z]3 has domain z € R
and £=3/7 :=1/[23/7] has domain z € R\{0}.
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The domain of e, ", t", etc.
Any r € Q\{0} can be written r = £p/q,

with p,q > O integers, not both even.
8/28 = 4/14 =2/7
12/32 =6/16 = 3/8
24/56 = 12/28 =6/14 =3/7
~or all p,g > 0 integers, p odd, ¢q even,
pP/4 = /2P = [/z]P has domain z € [0, c0)
and z7P/4 := 1/[zP/9] has domain z € (0, c0).
~or all p,g > 0O integers, g odd,
2P/1 = Y2P = [z ]P has domain z € R
and 2~ P/4 := 1/[zP/9] has domain z € R\{0}.

29 has domain = € R\{0}. 20 =
"= limz? ForallreR\Q, z" = __lim 24
Qoq—m \@ Q>q—r .

sole.g. xz™ = lim .2173, .583'1, Ll73'14, LE3'141, o




The domain of e, ", t", etc.
Any r € Q\{0} can be written r = +p/q,

with p,q > O integers, not both even.
8/28 = 4/14 =2/7
12/32 =6/16 = 3/8
24/56 = 12/28 =6/14 =3/7
~or all p,g > 0 integers, p odd, ¢q even,
pP/4 = /2P = [/z]P has domain z € [0, c0)
and z7P/4 := 1/[zP/9] has domain z € (0, c0).
~or all p,g > 0O integers, g odd,
2P/1 = Y2P = [z ]P has domain z € R
and 2~ P/4 := 1/[zP/9] has domain z € R\{0}.

29 has domain = € R\{0}. 5’30;,;?0
"= _limz? ForallreR\Q, z" :=__lim a4
Qoq—m dom: z € [0,00), if » > O, Q39=7

Spp dom: = € (0,00), if r <O0.




The domain of e, ", t", etc.

~or all p,qg > 0 integers, p odd, ¢ even,

pP/1 = 2P = [z ]P has domain z € [0, o)
—continuous at x = a, Va € (0, )
——continuous from the right at t =0

and z~P/4 := 1/[zP/9] has domain z € (0, c0).

For all p,q > 0 Integers, g odd, q even,

2P/1 = VP = [\/z]P has domain z € R), 00)
and £ P/4 := 1/[xP/9] has domain z € (0, o).

Fand z~P/9 := 1/[zP/9] has domain z € R\{0}.

pla -— 40 — 19710 hAa -
z0'has domain z € R\{0}> domain z € K
and x” 1 (= 1/ xr1) nas domain z € R\{0}.

For all r € R\Qpzz" := __lim z¢

Q29—7r dom: z € [0,00),if r> 0,
For all r € R\Qdom: z € (0,00), if r <O0.

dom: z € [0,00), if » > 0, Q>g—r 6

dom: z € (0,00), if r < O.




The domain of e, ", t", etc.

~or all p,qg > 0 integers, p odd, ¢ even,

pP/1 = 2P = [z ]P has domain z € [0, o)
—continuous at x = a, Va € (0, )
——continuous from the right at t =0

and zP/4:=1/[zP/9] has domain z € (0, 0).
continuous at x = a, Va € (0, 00)

~or all p,g > 0O integers, g odd,

a:i?\/q = VP = [\/z]P has domain z € R

continuous at x = a, Va € R
and a:;p/q .= 1/[zP/9] has domain z € R\{0}.
continuous at x = a, Va € R\{0}

a:o\has domain z € R\{0}.
continuous at x = a, Va € R\{0}

For all r e R\Q, ,2" := __lim x4

Q29—7r dom: z € [0,00),if r> 0,
dom: x € (0,00), if » < O.

—continuous at £ = a, Va > 0 7

—continuous from the right at =0, if r >0




The domain of e, ", t", etc.
For all p,q > 0O integers, p odd, g even,

2P/1 = 2P = [z ]P has domain z € [0, o)

and z~P/4 := 1/[zP/9] has domain z € (0, c0).

For all p,q > 0 integers, q odd,
2P/ = /2P = [\/z]P has domain z € R

and z~P/9 := 1/[zP/9] has domain z € R\{0}.
29 has domain z € R\{0}.

For all r € R\Q, z" := __lim z¢ |
Q29—7r dom: z € [0,00),if r> 0,

dom: x € (0,00), if » < O.

“v’a cR, % is contin. on its domain.




Limits at co of power functions 2"

0 —
L CC;O

im z° =1
PTr—00

Vr >0, lim " = oo

PTr—00
im z3 = oo g
PTr— 00
im 22/9 = 00
PTr—000
M .CU\/§ — 00
PT—00




Limits at[oo] of power functions z" &)

1 _ —T
lim 20 = 1 N
LT—0 I
ul/oo_______on
. r . 1
Vr >0, lim " = o0 Vr>0, lim — =0
T — 00 T—00 T
. T . _
Vr <0, lim 2" =0 vr >0, lim z "=0
lim 36_320 T .— 3,2/9,\/5
T — 000
im z~2/9 =0
T — 00
im z~V2 =0 10

Spp Tr—00




Limits at|—oo| of power functions x"

im 20 =1 2°=
T——00 z 70

vr¢Q, " is not defined on z € (—o0,0),
so lim z" DNE.

L—— 00

odd
Vr € { },

even
2" is not defined on z € (—o0,0),
so lim z" DNE.

L—— 00
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Limits at —oo of power functions x"

= vr e{ } im z" DNE
vr¢@Q, lim z" DNE even) z——oo
L——
. even lim z" DNE
vpositive r € { } T— —00
odd
odd
vVr € { },
even
lim z" DNE
Lr—— 00
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Limits at —oo of power functions x"

lim 2" DNE

L——00

lim :UO =1 odd
L— — OO Vr € { },
even

vré¢Q, lim z" DNE

Lr——

im z" = oo
L—— OO

L. even
vpositive r € { }

odd

17

“(~00)2 = oo
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Limits at —oo of power functions x"

lim LUO =1 odd
L— Vr E{ }, lim 2" DNE
vr¢@Q, lim z" DNE even) z——oo
L—— XD
even ,
Vpositive r & { } im 2" = oo
Odd x_>_oo il 17
so |Iim — =20,
r——00 T’
i,e., lim z=" =0.
L—— OO
even ,
Vnegative r € { } im 2" = 0.
odd J x——o0

im z—2/3 <0

L—— 00
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Limits at —oo of power functions x"

lim LUO:1 odd
L— VTE{ }, im 2" DNE
Vr¢Q, lim z" DNE even) z——c0
L—— O

im z" = oo
r—— 00

odd}

Vpositive E{
P "~ 1odd

. even _ -
Vpositive r € { } Iim ' = oo
odd T —— 00
even _
Vnegative r € { } im 2" =20
odd ) z——o¢
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Limits at —oo of power functions x"

M LUO =1 odd
ZSM—; Vr E{ }, im z" DNE
Vr¢Q, lim z" DNE even) z——o0
L— — OO ‘i 3 I 1y
positi odd) © iy Y
positive r & { Cyih, i a" = _O?/TO]oo"
im z3/5= |lim Vz3 = -0
LT—— 00 L—>—00
even
Vpositive r € { } im 2" = oo
odd T——00
even
Vnegative r € { } im 2" =20
odd )] z——o0
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Limits at —oo of power functions x"

= Vr e{ } im z" DNE
vr¢@Q, lim z" DNE even) z——oo
L—— OO
odd
Vpositive r € {—} im z' = —o0
odd T——00 ) )
so Ilim — =20,

r——00 T’

. even _ -
Vpositive r € { } Iim ' = oo
odd T —— 00
even _
Vnegative r € { } im 2" =20
odd ) z——o¢
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Limits at —oo of power functions x"

= Vr e{ } im z" DNE
vr¢@Q, lim z" DNE even) z——oo
L—— OO
odd
Vpositive r € {—} im z' = —o0
odd T——00
, 1
so Ilim — =20,
r——00 T
ie., lim =" =0.

L—— OO /:
odd

Vnegativefre{—}, im z" =0

odd r——00 /
im z—3/5

L—— 00 18




Limits at —oco of power functions z" ()

lim LUO =1 odd
L— YV E{ }, im 2" DNE
Vr¢Q, lim z" DNE even) z——c0
L—— O
‘even _
Vpositive r & { } lim z' = oopo
odd X——00
even
Ynegative r € { } im "' =20
odd J x——o0
odd)
Vpositive r € { s lim 2" = —oc0
odd) z—-—
odd
vVnegative r € {} im ' =20
odd) z——o0
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Limits at —oco of power functions z" ()

lim LUO =1 odd
L— 0 vr E{ }, lim 2" DNE
vr¢@Q, lim z" DNE even) z——oo
L—— OO
even
Vpositive r € { } im z' =
odd X——00
even
Ynegative r € { } im ' =0
odd ) z——o0
odd)
Vpositive r € {— s lim 2" = —oc0
odd) z——o0
odd
vVnegative r € {—} im ' =20
odd) xz——
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Exercise: Find the numbers at which the fn f
f def’'d below is discontinuous. At which of

them is f continuous from the right, from
the left, or neither? Sketch the gph of f.

(1 T x <O
f(z) =<€” TO0o<zx<1
33—z Ifax>1

\.

continuous at all numbers
except possibly O and 1,
which we proceed to investigate. ..
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Exercise: Find the numbers at which the fn f
f def’'d below is discontinuous. At which of

them is f continuous from the right, from
the left, or neither? Sketch the gph of f.

(

—x T x <O
flz)=<e* ifo<z<1

33—z ifz>1

r—0~ r—0—

f(0) =[e"]p 0 =€"=1
(x) d
im f(x) = lim e
r—0T r—0T

f is continuous from the right at O,
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Exercise: Find the numbers at which the fn f
f def’'d below is discontinuous. At which of

them is f continuous from the right, from
the left, or neither? Sketch the gph of f.

(1 ifxz <O
flz) = < ¥ fo<z<l1
3—x fTx>1

\.

im f(z) = lim e
rx—1— r—1— AN

f(1) = [e¥]p:01 = el =e

im f(z)=Ilim 3—-x)=[83—z];1 =31
r—17T r—17T — 2

f is continuous from the left at 1,
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Exercise: Find the numbers at which the fn f
f def’'d below is discontinuous. At which of

them is f continuous from the right, from




