Lessons 3-1, 3-2, 5-3 Relating the Graphs of Part 1

AP Calculus AB Name B
Lessons 3-1, 3-2,5-3 Relating the Graphs of f, f', and f " Part 1 Date ; }rf LFY €

Learning Goals:

o Ican graph and analyze f from the graph of [, graph and analyze f'from [, and graph the derivative of
a function given numerically with data.
o [ can approximaie derivatives graphically.

Part 1 — The Graphs of f and f'- A Simple Example:
The height (in feet) over time (in seconds) of a projectile launched straight up into the air at 64 feet per
second, from an initial height of 5 feet can be modeled by the equation f (r) =5+64r—161>.

1. Fill in the table below and plot points to sketch a graph of 72_ >
the function f. Note that since _Zi =2, the maximum value 60 — '
a
of the graph occurs at 1 =2] . 50
! 0 1 2 3 4 40r
/0[5 [53]e4 [53] S 301

= i
320

2. On the graph of f, sketch the tangent line to fat x=2. bl .ia

What is the slope of this tangent line? i =©O é: g ] 1 i —
- { .

3. Fill in the below table for f’(r) , the derivative function. _5)1_1 0;_ 12 3 :\ 5
Plot points and sketch a graph of the derivative function Ko} _20 1 P
on the same axis. | -

‘ _.30.._
0= ¢4~ 3at -40f
t 0 1 2 3 4 ‘5_0_ i
70| 64 | 36| © [F3a-6Y e
4. What is the value of /'(2)? How does the value of f'(2) time (ln SecondS)

compare to your answer to question (2)? Why does this answer make sensc?
r("(a):o = Sevne Aas Slod-zc_, ot T L. X =
'S‘ﬁ Dervvahve 15 tha S’Od'-‘& of T, [ ) 50 ;_(_‘ dJrr,/e,,‘hQC = 9
i n 7. 0. Should be horizontnl.
5. What do all y-coordinates on the graph of f'represent in terms of the graph of /?
A\ - coor dnattS of £7 pre slopes of T, of £ AT
’f’?ft{«\'!‘" X- J/ﬁ':’kr_, ,
6. The derivative function /'should be linear. What does this fact mean about the rate of
change of the function /?
7)--6 rer of cha .v-\(j_{ r:'f £ ie df(wt 5(_3(7 A G CAN

Con "S‘;'.;\,.‘T‘i P S o)

J
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Part 2 — The Graphs of f and /'~ In General

%
1. Let f(x):x‘ 2

Find f"'(x).
2
f'(x)= 4)(3 -3 =YX
se ator to find all zeros and local

extrema (that means local max/min) in order to
plot BOTH graphs as accurately as possible ,
[remember, being able to find zeros and ! 1

extrema on your calculator is necessary for
the AP Exam!)

e

3N (3 9)

l L | 4L
2. Answer the following questions by inspection of the graphs:

a. Over what intervals does the graph of fappear to be increasing (i.e. rising as you move from
left to right)
(—6150) O (144, 2o)
b. Over what intervals does the graph of /' appear to be positive (i.e. above the x-axis)?

(—.6q,0) U (lL.4d)20)

¢. Over what intervals does the graph of fappear to be decreasing (i.e. falling as you move from

left to right)
(~n0,-69) O (o1 qd )

d. Over what intervals does the graph of f' appear to be negative (i.e. below the x-axis)?
(=22, - 68 YU (©,1.99)
e. What are the x-coordinates of all relative extrema of f(i.e. local maximum and minimums)?
X: "(S,OI Y= O X = | Y4
f. For what values of x does the graph of /'appear to have zeros (i.e. x-intercepts)?

K= "1 X=0 X~ Y
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GmE}{both f(x)and f'(x)below. After entering S =x)= 1: %
x

X

3. Let f(x]:l

+x2

to graph f'(x), enter f2(x)=%(fl(x]) .

[to sketch the graphs below, make tables and find zeros, max/mins on your calculator]

/‘fL
708 N

¢ .

7 0.6+ i t i ‘P
¢ Wil ! . bt .
¥ 0.4 : !

0.2

b~

fo2s 24 & A6-A2 08 D,

2
0.4
06F
08F

"

4. Answer the following questions by inspection of the graphs:
a. Over what intervals does the graph of fappear to be increasing (i.e. riging as you move from T\

left to right)?
C=5 1
b. Over what intervals does the graph of [Z 'Jappear to be_pasitive (i.e. abgye the x-axis)?

(=15 1

c. Over what intervals does the graph of f appear to be decrgasipe (i.e. falling as you move from Q/

left to right)?
('90)—;) O C1,00)

d. Over what intervals does the graph of @appear to be.negative (i.e. below the x-axis)?

(20 1) 0 C1,00)

e. What are the x-coordinates of all relative extrema of f(i.e. local maximums and minimums)?

X = - =1
PN e Mea
f. For what values of x does the graph of f'appear to have zeros (i.c. x-intercepts)?
A== X =1
g. Complete the table below:
X -3 2 | -1 [-0.6 0 0.6 | 2 3
| fisinc., dec,, orneither | e o | Dec |Veither Lo |Tnt |Tne Wotker| Dec [ Del
[ is pos., neg., or zero | — — o + + —+ &) = —
5 = N
A 7 ey D |
ol o 4+ s - OVER >
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5. On the basis of your answers to problems 2 through 4, how are the graphs of any function f

and its derivative f'related? Be as specific as possible.
[You should have at least 3 statemenis])

CD (M fan £ 18 Mg e n s 'Jgj ){\/>L:>, ]__:_-_(J”“U'! 15 f:l

@ LA o £ s &6“44%*5559/40 [;Q,,,,, .S ﬂ
@ Whan € 75 et local QHMJLJ—F‘-_:Q Cirs is ©

6. So far in this investigation we have looked at the shape of the graph of fto help visualize
the shape of its derivative function . What about going backwards? Supposc you have a
graph of /', would you be able to visualize the graph of /? The graph below is a sketch of a
derivative of some function f. Sketch a Wlﬁ function f.

yig
- r : : : v K

25}

20t @M;

25 3 5

W

-1 -0.5 0 035 1 1.5

7. To the right is the graph of a function f; its first derivative, and its second derivative. Which graph is
which? Label them appropriately and cxplainkpw you know.

" ' ) _ i ’/’}\.A Jzaf;«’m of )[\ A C r‘!”‘/
50 Jpl‘ « f‘ﬂf/((.“.z'}'af =] —f{/ Lua‘-"lfﬂ"luja‘fyg
o X be ff;-‘_)g:%'_rr . Sitace 17 it
]
@ \’Q'J dg,ﬁ'uwﬁ"xl) L LJ-F' -F ’ 1'f_ ‘Sf/'l.g.‘.xlé(- QC_
\ 4
“ o 09{,‘1*{.-?-.\) . hntan -“/’ € Al rfen <™y
e 4 . 0 , . , \_)
; \1“ Gt Nl VL [P AN e *—!/) " s
3 3 % \ « .
) :"('_{r" T TR~ .rA_.’g',q_("Ll 'r’_"-’ (e
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10! - ~ Pog ¢!’ ) - - '
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] 1 F] L] 4 5 & i ® o L] oAt P S 5 + Lod Fraam, >< /,..
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Practice

1. The graph to the right is a graph of /, the original function.
Use the graph to answer the following questions

a.  What intervals will the graph of f'be positive?
(—20 -3 UC=1,1:2)

b. What intervals will the graph of f'be negative?
(-3.1,-1) U Cl.y, o)

c. What are the zeroes of f'?
X :-E.J\—-l) I

2. The graph to the right is a graph of g', the derivative of g.
Use the graph to answer the following questions.

a. On what interval(s) is the graph of g increasing?
C' /:b)“') UC ));L)
b. On what interval(s) is the graph of g decreasing?

Cﬂf} I) u(.;)g")

¢. When does g have a local maximum?
>< == Yy X = o~
Local minimum?

»x = |

3. To the right is the graph of f(x). On what intervals is f'(x)>0?

(-m,15)V(.5,35)

OVER 2>
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4. Consider the graph below of the derivative of /.

For each of the following, circle ALL correct answers.

a.  f(x) has arelative minimum when x =
0 2 4 6 8 10 12

b. On which of the following intervals is f(x) increasing?

6,8) (8,10

Stop, Drop, and AP!
Complete the following previously released AP Exam questions.
¥

5. ’%rf

Graph of f'

The graph of f”, the derivative of the function f, is shown above. Which of the following statements is true
about [ 7

(A) f isdecreasing for-1< x S 1. )(

(B) f is increasing for 2 S x S Nd

is increasing for 1 < x < 2, \o
(C) f is increasing for 1 £ x 2.X7 ],at:?"sJD(ﬁ //.L} o

)
or
(D) f has a local minimum at x = € (}UH ble v 5,"*‘7-""J
— /’\_"{'T (B ;_.,J{
(E) f is not differentia utx=—1andx=l.)( > A Qrvive

\ .,,M*#«)‘

g»n 23032 -1]0f]3 ]2

[:?_- e hat s Ls x-
The derivative g’ of a function g is continuous an% has exactly two zeros. Selected values of g are given in
the table above. If the domain of g is the set of all real numbers, then g is decreasing on which of the following

intervals? bs 15 docre h-‘?""a. w hen
-2<x<2onl % f.
P " T
(B) -1 < x <1only \ 6 1S :ﬁ,_f:.)f_", o
C) x2-2 \\\13) L -
< a lhas exactl, X
D) x > 2 only el o ,\' ' 4
(E)JS—ZG[.YZZ /2_-8-/05:) (I;_} <L} - < 7",/'_1 (/\,v‘d'{ feXx <~

Fdechncrlly —0« xc 2
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Find the derivative of the given function. Use Number Line Analysis (NLA) to determine on

Example:
what intervals the derivative is positive.

f(x)= z-x’ +§x2 ~12x+6

Deriyative
Play= 2> +5x -1 — L;;Jgraru\.a)

MBS0 b——positive
(ax-3)(x+4)>0 &— Fachr

(B~ — ¢
) "

NL A

i
1
i ='.%=
b +
0 %

=0 -

=Ze_.fa¢'5

%5031'0’5
(-00,1) U (£, 9)

Now you try: Find the derivative of the given function. Use NLA to determine on what intervals the
derivative is positive and on which intervals it is negative.
g(x]:x'1 —5x" —8x+2

9’(x )= Bx'L-— /O x ..g

SR =G+ x X — *D

N o} w o=
-2 x=
3
x ) F +
DY+ A y T
y - I | L
V- g &
'T a o [ +-
2 {

/o oL P ’ ] o
§°¢x) >0 At (—m_)rg)u (4,2 (c}./m(o ot (i:,‘f)
Challenge: Without graphing in your calculator, determine the coordinates of the relative max.
How do you know this is the relative max?
/}‘f' x:"% %'I(rfp\/v‘-g A{:/o—rv\ Fojz £o Y‘lﬂa Se
"2\ = (-2 3?2 2N2 _sf2 ) Lo = 1309H7 = Higrd
FZ)= (3)-5(3) -¥(3) +o

(—%)q‘i"ﬁ‘l\)r”»mf\x.

His is e relmex,
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