RECITATION 10: 4-2 HOW DERIVATIVES AFFECT THE SHAPE OF
A GRAPH (PART 2)

| WARM-UP QUESTIONS: |

1. Given a function y = f(z) how do you...
(a) determine where f is increasing/decreasing?
. find £'.
. In+he domain of S(Q;) whert &'70)—(‘—35 mcms;v-j)'
where Q'<0) § s ob,creasihj.
(b) use f’ to identify any local maximum and minimum values?
. S;'mc\ (',Y'l-\"ICA.\ po'm'\‘S D‘Q £.
o Check He s'lav\«ol«ahﬁe of £’ local )
<1t g (‘)\Am)bs + b“) /\)A\/ryua,y, |Q'€I&A4nﬁd ’40"')\/) amin -
(c) determine where f is concave up or concavglown?
e Q:m\ ‘Q”
o I the dinain of ‘F,

Jocal

" - up,
whe,re,‘e >o)-c;s Concale up,

where §740, § is concave down:

(d) find inflection points? -F F whuﬁ W S;jn D‘F ‘F// chan 5!3 7o _F,y,a’#v.b&ni

Find s values in domain o

Yon need Hofind the (Jvalul, foo.

2. Let f(z) = = — 2 cos z be restricted to the interval I = [0, 47].

2
«lﬁ' (a) Determine intervals of increase and decrease of f on I.
l
‘F (x)z | 423mx =0 Answer Br 137
WL need Sinx = ‘l/z. heheases on () 7, [P RNA
137 1771
So')(:j,g )J)/z sino\: 7 57 137 A )
0 o OTe v [ +decrases on (o)), Z)u(% >4
= —t— 1
ot g TR ep 7
bt & (b) Use the First ]gerivative Test to identify any local maximums or minimums of f on I.

. . 3
[oc. May. p_ic Xz 5% )’7’/[:1' local mascimum Dalues: %4 '1-3: and %”./.,E

E in. 7T
loe mun n/t X:%)l,g)o)uﬂ local min wluzs.z-ﬁ) B/Z"Efz)-z

(c) Graph f(x) on your calculator to check your answer is correct.
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| MOTIVATING EXAMPLES: |

Assume f(z) is differentiable (and therefore continuous) for all real numbers. On the axes below, sketch

a graph of f(x) with the given property.

(i) f(x) has a local maximum at z = ¢

Y

G

lh&VtﬁSihS

(ii) f(z) has a local minimum at z = ¢

Y

L P
- Ob.c:-easihs

QUESTIQN 1: |What can you say about f/(c) in picture (i)? picture (ii)? Is it the same for your neighbors
pictures% QUESTION 2: | What can you say about f”(c) in picture (i)? picture (ii)? Is it the same for your

£ s postive 1 (1)

neighbors pictures?

¢ i5 negedive tn (D)

a) If f'(c)=0
b) If f'(e)z0___

and f"(c) 76

THE SECOND DERIVATIVE TEST: Suppose f” is continuous near c.

then f has a local minimum at c.

and f”(c)_€ 0O then f has a local maximum at c. /‘\ cc c’owr\

v ccup

What happens if f’(c) = 0 and f”(¢) = 0? Can you draw any conclusions about whether

f has a local max or min? Why”

No-

L:vkamp ,‘:(,(\,
£ 0= ?,7(
"Nz b
So QI(O\:Q"(ﬂ‘D'

L has no maxt or min’

948 fe
7 x

Uses a “calculator

Eﬂu V_V_‘w_ll 3
1= tsc
3"63/’2"

ThestHwo ta mples
Shaw st 1h+he

cast ¢/_f"z0,
ﬂnn%mj &ohld’
LW“FP”I ‘
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Example 2: Find the local maximum and minimum values of the functions. Choose either the first
or second derivative test. Explain why you made the choice that you did.

(@) f(z) = 2 — 4z + 3 (b) f(x) = -

2242
—‘: ! z 3_ 4 l\ﬂh xX= ‘
(ﬂ LIX 40w F/(X); (?8*2)(0’3:(1") _2Z- xz

1" -
£ ()= 12x @Z@L o
(D2 121212 70 %

when etz , —0 4+ o7
Sb —Ql’lﬁﬁﬂu lbc"mihimum o‘f 8 1 { 7
Sigy of £ -~z 1z
§Ne 1-4b320 ok 22 | g

ah'd no MmN -

=0

S 5}(»3 has slvcal mr ininawm of

Why chose 4 L k? £"is $D)= N ok X=-NZ
Simplut hFipd, and A& |sca] maxinwm F ‘\E/L at X:'I/Z

whi chise 15 de st

Donkwart Yo here Y0 Find K" bloach !

Example 3: Sketch a possible graph of a function f that satisfies the following conditions:

(i) f(0)=0,f(2)=3,f(4) =6, f(0)=f(4) =0.
(i) f'(x) >0for0 <z < 4and f'(z) < 0forz < 0and for z > 4.
(iii) f"(x) > 0forx < 2and f’(x) <0 forx > 2.

o 2 't
7L — i —
/
£ - + o+ o+ p - -
/7’ ! - -
/F +tr s -7

\l! teup ) cenp A ¢ cdown & cc down
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Example 4: Given the function f(x) = In(z? + 4) find the following.

(a) Find the intervals of increase or decrease.

2x

‘F/(’A: _2'__.2»(:_7’_ dhswer
"t X f s mmsm3 on (0,90)
cvitical pbs: X=0 , TS du.vea?inj on C‘co) 03
— _\'_ - O 4—+{* L/S‘ﬁh_‘}
7

</ ]

X=0

(b) Find the local maximum and minimum values.

In 4

 —

local min at x=0. min value : j:‘“oxf-

(c) Find the intervals of concavity and inflection points.

. (PrD-EAED 2284 g1 2(2-A2)

2,4)% T (x2HY T (KB 2t
(x*44) L (x +4>
N
t'z0 whenx=2,-2 ! AnSwer:
o O
Amem P A - - - Vsl%n £ s conecave up on (_-Z,Z\ and
>
/ 7
~ 2" 2" Concavl down on ("ﬁo)'ﬂ U('Z)Po)’
(d) Use the information to sketch the graph. a.V\Ser'
—l-R‘m\Gnﬁ'_ Find crueial ‘Po’m‘B
-2 O >
<_/-'[f Y |
deev - deey Wy o
\L \'/ ( 1\ othan onservatims -
¢ edyon fis aven . So
Cedown . Ctwp LCWP 33mm.vl-ﬁu .
N U J N across cj-—th\S

NN S e
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Example 5: Given the function f(z) = 52%/3 — 22%/3, find the following.

(a) Find the intervals of increase or decrease.

/ -/3 B 1l - X '
'F (XWZ%) ~ - ’,g x = 3-— T) —als_ -
Wieal 43 X0, %= F s ‘“Cveasin3 on (o,1)
Ih+erval | 09,0 0, )

|
Sign of £/ /,1 j\- _

mcr/djcr? \"
N \

Tusk YL Bad choice heve . Easier tobake derivative of z)

(b) Find the local maximum and minimum values.

/
IOCA‘ mIMimum ok x= 0. wivirmum VA\UL 15 Q—[&’O (X - X

local Max\mum a-l-)(:'. Mmatimum Valug 15 {-\(l‘):B

(c) Find the intervals of concavity and inflection points.

, Y3 (1% / - X - (I—x)3 10 /- 3x - [+x
g/&):/( (-n- l)y()% g ) D( o >

—10 Lﬂ) A
-z — - NSUER
”’( Vi TR

|
£ 5 concave Wp on C ~ 00,

/
—F ’;o wku\ X= "/2
{ I nn (L(-F{V\Z.A whewn ¥x=0 ‘
Yy o J Sign
J ~ I
é_f ! T 7/ ?
Y+ 0 - - %~~~
(d) Use the information to sketch the graph.

and concave dewn on (-z)oo)

n Q\u} ow
1

o
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Example 6: Suppose the function f{) =+® — 12t + 2 describes the motion of a particle along the
-axis for t > 0. Find f(2) and f”(2). Is the velacity of +he particly, ncreasing or decreasing at t = 2?

J;/(t\: 31517 'y - o
'y = bt £'(2yz12 70

Exv\ain jour anlwev n
Complety sentthees.

M: T\N.,Par—l-'\ de ig g?eacr\\nj up. Sinee “"” 1S ‘Pos;-l-'lVL at {:22)
We know \ldoc,'rhi C-F’B IS mcreasihs, lnueaSihj Ve,loc,i-l-j

means nereasing speed o speecl}v\j up.

Example 7: An economist announces that the national deficit is increasing, but at a decreasing rate.
Interpret this statement in terms of a function and its first and second derivatives.

pickuve W“S head ¢ answer @ & DED ﬂ'nves-HlL national bt over
D 'j\g Jime (o\r, as ofunckion o-ck'mﬂe)) I‘H‘e 2 conomi st

54y DG is mcxu.s‘mj. Se DK i3 PosiH iV -
But \M/she. also 3035 Dis \mms;hj bb less. So

: 5 D (k) |5 decrtasing. So D”[{') 'S neqative.
T L b J :
now e

Example 8: Let f(t) be the temperature at time ¢ where you live and suppose at time ¢t = 3 you feel
uncomfortably cold. How do you feel about the given data in each case?

a) ['8)=2,1"(3) = —4 b) f'(3) =2, f"(3) = —4
Sk ’r / J —\6\
[T 7 i '
3> ¢ s
[\M: On +he uPrSFJC) . Aﬁil This is nothin out bad. /
f'50 means the Jemperature 15 The temperadure 15 dePihj (fz0)

o : .
ﬁe”i"j warmey. On+he and it is dropping ever mor:

down-side, 1115 Oc#i"ﬂ warmer 7M§Lk|3 L "2 o)_
at o Slwer rate.
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