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CONSIDER f x _X ln x ONWHAT INTERVAL IS f INCREASING DECREASING CONCAVE

UP CONCAVEDOWN

1 FINDCRITICALPOINTS
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C x 0 2 1n x TX O X 21h x 1 13 0

SO EITHER X 0 012 2 In X 11 0
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X D IS NOT IN THE DOMAIN OF f SO X e 2 ISTHEONLY CRITICALPOINT

2 ANALYZE f X AROUNDCRITICALPOINTS
fTESTPOINTS 1124
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WHEN X e K X O AND 21h x t l O SO f x X 21h x 1 l o INCREASING
fTRYX Y

WHEN 0 L X C e k X20 AND21h X 1 I LO SO f X XZINCX tl Lo DECREASING
i
f ISINCREASINGON e 2 o

H
ISDECREASWGONLO.ee

3 FIND f x

f 1 3 2 4 1 twx f X _2 t2x 1W

f x 2InLX t 3

4 FIND XSUCHTHAT f x O AND f X Lo

f 1 3 0 21n x 1 3 0 In x 312 em e
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WHEN X e312 f x 21 n x t 3 so

WHEN 0 CX L e312 f x 21mW 3 LO

SO f lscONCAUEVPONLE72 csjjflscoNCAUEDOWNONLqe.is



5 LOCAL MIN ANDMAX

RECALLCRITICALPOINTSOF f WTHE Domains X e Z

EVALUATE f AT e 12

f e n 2 In e Z t 3
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I t 3 2 70
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X e EVALUATE f AT e312

f Le312 e In e e
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XRON0SHW18 4
ON 0,21T

CONSIDER f x COS4 7 2 sin X ONWHAT INTERVAL IS f INCREASING DECREASING

CONCAVEUP CONCAVEDOWN

1 FINDCRITICALPOINTS

f x 2cos x Sin x 2COS X

f X 2cosCx Sin ex t l

f x D 2COS x sink 1 I 1 0

SO EITHER 2COSLX3 0 012 Sin x 11 0

2COS X 0 COSCX 0 X IT12 31172

Sin x 1 1 0 Sin ex I x 311 12

X IT12 31172CRITICALPOINTS



2 ANALYZE f X AROUNDCRITICALPOINTS ON 0,21T Mz
g
kINTHEFIRST

WHEN 0 L X 1172 2COS X 20 AND sin X 1 SO QUADRANT ie
02 4172

so f X LO DECREASING COS 70,5in x o

WHEN TIZ LX L31172 2COS X 70 AND Sin X 1 I O

pg
AGAIN THINKABOUT UNIT CIRCLE

SO f X O INCREASING

WHEN 31172 L X CUT 20 X 20 AND Sin X 1 I 70 SO f X CO DECREASING

f IS IURE ASWG ON 4172 3IT 2

flSDECREAS1NGON 0sIT 2 UC3IT2

3 FIND f x

f x Xxf2C0S
f X 2 Sink Sink Zcoscx COS X 25in
4 FIND X SUCH THAT f LX O AND f X Lo
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WHEN 0 LX 21176 f X L O
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CRITICALPOINTS 117231172

EVALUATE f AT CRITICALPOINTS

f Ttc 2L sin 2 Tiz cos4172 t sin 4 2
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f 31112 2 sin43172 cos43172 t sin 372
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Z L Z 4 LO

SINCE f Tt AND f Tk 70 LOCAL MIN AT 1172

SINCE f 3172 0 AND f 3172 LO LOCAL MAX AT3172
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CONSIDER f x _x Z X In x ONWHAT INTERVAL IS f INCREASING DECREASING

CONCAVEUP CONCAVEDOWN

1 FIND CRITICAL POINTS

f x 2x l 2 2 12

f X O 2 24 0 2 2 X 1 0 2 131 1 0
ti x
x 42 X L

NOW f X ISNOT DEFINED AT X 112 SOWE WILL ONLYCONSIDER X l

2 ANALYZE f X AROUNDX L

IF f x O THEN f IS INCREASING IF f X LO THEN f ISDECREASING

IF X I THEN 2 1 1 O AND LX l 70 SO f x 2 11 X 1 SO

IF 0L X L I THEN 2 1 0 AND X 1 LO So f X 12 1 X 1 LO

f IS INCREASING ON 1 O

flsDECREASlNGON Q

3 FIND f X

f 1 1 2 1 x l so f X 2 C 1 X Z Z t

4 FIND X SUCH THAT f X 70 AND f X 20

OBSERVE THAT f X Z t 12 IS ALWAYS POSITIVE NO MATTER WHAT

WE CHOOSE IN THE DOMAIN OF f X2 IS ALWAYS POSITIVE So
d
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RECALL THAT f X ZX l ly AND f X D FOR X I
T X 42NOT INDOMAIN
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f 13 0 AND f I 3 o f HAS ALOCAL MIN X

So fCD Ci5 l lnC1 1 lO0 L0CALMiN Cl 0

NO INFLECTIONPOINTSBECAUSE fDOESNOT CHANGE CONCAVITY
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CONSIDER f x X4e ONWHAT INTERVAL IS f INCREASING DECREASING CONCAVE

UP CONCAVEDOWN

1 FINDCRITICALPOINTS

f 43 4 3e t x4 e f ex 4 3e Ye

f 1 3 0 4 3e 4e o x'e 4 x 0

SO EITHER X e 0 OR 4 o

X'e o x o

4 x O 4

2 ANALYZE f X AROUNDCRITICALPOINTS

WHEN co X35 20 4 X 70 SO f x X'e 4 X Lo DECREASING

WHEN O LXc 4 X e 0 4 x O Soflex X3eXC4 X o INCREASING

WHEN X 4 X3e 20 4 X LO SO f X x3eXC4 X LO DECREASING
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f 1 1 4 3e x4e
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Iim IimFxxas
the's

X as extz

THE LIMIT A s OF Tx 12 IS A SO THIS IS THE 9 CASE
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s e x'is I EE Ir Et
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Iim In l F Iim ln l Yx
x A x as I4

THE LIMIT AS X OF THE NUMERATOR AND DENOMINATOR ARE BOTH 0



SOTHIS IS THE CASE
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n Ext C H H

II ki x x
2 1 2
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finds k 1 SINCE fifthG P AND liI Tx THIS IS THE CASE
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