All the questions which follow refer to the graph at the right.
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AB CALCULUS: §5.3 Position vs Distance specd = W(al ----- grph-
' Velocity vs. Speed
Acceleration . m___f_{t) {ft/ *""“2 . "

1. When is the particle moving at a constant spéed?
e(0,1) Ye V() =5 e
telo) ( foec.
2. When is the particle moving to the right? Why?
Le(0,2) vl v(&)>0.

secanc
3. When is the particle moving to the left? Why?

te (%) ble V(k) 0.
seondS

Voo % 4. When is the particle speeding up? \\Vhy? 5. When is&ﬁ&ug down? Why?
+e(2,) blc vI(K)<0 £alk)40. £e(42), (35) ble V(K¢ a(9) have
seconds oppo $HE 31NS .
6. When is the velocity increasing? Why? 7. When is the velocity decreasing? Why?
L e(3,5) seconds Le (), ?) seconds
ble vi(&y70 « ol 70. Ye (k) <0 o ale)eo.

8. Are your answers to questions 6 & 7 the same as your answers to 4 & 5 respectively? Explain.
Ko &Hé(g Ay not hane Hre sanc af\SWQ“rej"

& howe_Yle_some ons . . .

No ‘HFE)e:rl do not : « poii decreasiy whs s Slope, u.S‘I\aeg,OM

V@lcxﬂ’y b5 Wireasmg when s 5(?94?— is posiTVe 3 l e~ “Hrery onre

Purttle S speeding wowhen v(£)4 alk) owvtihe sere sgn | slowing opposFe SGns.

9. How fast is the particle moving at time t = 4 and in what direction? i

V(1) = D figec means ¥ perhle IS nring S fec ot left.

10. What is the particle’s velocity at time t =4? V(4) = 55 e : |

: ¢ ek b £=T3e
11. When does 'the particle change direction? “The pow hele~ W &Vmﬁn g ( oy
Vie v(€) denges 5 (D 0 © . The pertie ehenue Sk
(G B decreasidy (moing (i),
12. How far does the particle move during the first second and which way?

Mhe purtvde wwres S o o ik n Fie Wik second-. bl @% \Qseo) =5f,

13. How far to the right does the particle go and when does it arrive there? . " 2 S
The partfel mores 1B\ (1+2) =12 =15 H b Heen Cight™ vathe furst 2seconds,
(The portide mores  L(3Y-o)=ASkor 15§ (bt ont€ (T 5)seands,)
14. What is the total distance traveled by the particle? - o
AS+IS = 22.5 &;—FDM&SMLLW . 50 \V&J\\ dt =22 '

15. What is the particle’s position after 5 secs? :
'D&PL«,M; NS —{S = 1.5 H jos \/(_chb = —F1.5H.
The e 1S 15 f4+ o o Left ‘
16. Are your answers to questions 14 & 15 the same? Explain.
No. #M fuds okl districe = 225 #
S £ads dre dichlecement = - 158 | 7




ey

s, 17. What is the average velocity of the particle over the 5 second time interval?

\ s \ &
(5’»550% = g(e) =T &

Qéﬁa.( ’%E;)(Sec’):(:y%

18. at is the average velocity over the time interval 2<t <3?
| i
2 2 v = 1B00= 54
\
(e ) (22) (=) T
19. at 1s the average speed over the time interval of #18?
Xoo  Speed = i) oer 22593 L (3 (g
e : -7

= S fec ,
20.  What is the particle’s acceleration over the 1% second? O A&"‘What does your answer mean?
alD= V) =0 fjkect
The \aw"i-»ﬂu S MoavNg at o congtont ve,Loc)v*‘y Sftreec
(\c' S V\é’/‘w 9pee&£n5 Lp o7 8(@\/:% dwwx p
21.  Over what time interval(s) does the particle have positive acceleration? Why?
alk)\70 o (>,5)
L v )7 '
22.  Over what time interval(s) does it have negative acceleration? Why?
olE) <o on (1,7) seconds.
v (e) 20
23.  When is the acceleration undefined on the interval 0-<t < 5?
~ N 1(%\ af these L-yalies,
=\, ble V ’ ‘(faﬁz\jrp\;b;(n ‘,3 . vl is net differestrible .
24. State an interval of time when the particle has positive acceleration but is slowing down. Explain.

alky7e % v(k) €0 o ke (29).

25.  State an interval when the acceleration is negative but the particle is speeding up. Explain.
alE) <0 ¢ (k)20 o te(z3). -

26.  What is the particle’s acceleration over the time interval (3, 4)?

ale) on (34 = B--lo . 5 Tobe _ sSf,,

=

"'l Lo 5 ‘k&,vsec ¢ s
' " 27.  What is the particle’s average acceleration over the entire 5second time interval?
Wos &p - ‘
s yus G £ = A (~5+-0+w) = L(-g)=-] B .
liee &1 (5-0) al€) & = ( = See

)
(o) ()= 252 .
28.  Overwhat time Interval is the par%lréle’s velocity decreasing at a rate of 5 feet/sec every second?

alk)= v = -5 4> o~ £e(),2).
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% AB Calculus §5.3

velocity (mph) Velocity of car starting at noon
, 80
The Car and Truck Problem g Y
A car starts at d travel &8 /; 5)/1"
car starts at noon and travels s
with the velocity shown in the ” < \‘Qé 2% TRUCK Sowph.
figure. A truck startsat 1 pm from 407 1/ TG 7
the same place and travel 7 1 S A ¢
at a constant velocity of 50 mph. 20 5 7 ~e4b
: 10| a
»2“‘.7 * s
1. How far away is the car when |7 _ : e
the truck starts? \ZQM 1 2 3 4 5 6 7 8 9 10 noon (hours)
: pales Mmiles .
‘LZ—(QO)( 1 = >0 ey e _* |'Coar AEM | Amiles TRAPRWE ESTIMATES.

bewter (L)) (0+4o FUor00) = BS wles

2. a. How far has the car gone at 3:00?
(J_LK_;Z.KQ+1<L\§+@+m+ 13 +11) + 67)
" qns o (2 e 17425 ¥
~ |45 ‘yo e aEE) 4m:us.
b. What was the car’s velocity at 3:00?
V(3) = 1 mph.
read. From gruph q 12125 | 4oo |-26.5
1o _36(,15\ Uso - .25
3. What was the car’s average velocity over the first three hours of its trip?
I Y ) gty
= §0 V() dc = F (rM25) % B8 mpn.
\

elicd m&-ﬁ) Wr
(\nr‘) 218

4. Graph the truck’s velocity function,””

ol o (@) o

1| 25 o 25 3;,(%,}(0 —rl(%)«“w)

Z | eas | so 1718 éf_(c;_z(qo%mm)ms)
. 0d ‘ ' e

?‘ .lz;{;j “50 lt‘f;"—s -h(g*g(qu(,o{-’ﬂ&-’l%ﬂl)-}%’l) ki

5

¢

3

8

202.25| 20° [ BL2S Aoy v v
23S 50 7N '
3(.*3_7,5\ 300 q4s.2%

| 3625

5. At what point do the two velocity functions intersect? What is the relevance of this point besides
the obvious fact that they are traveling at the same speed then?

prm\wkd DLhrows S munvdes 0 L= 4 22 \ows ;
* W’hm&yw ol $: =5 he e diEtace betweon Fhe car ¢ et
6. During the period of time when the car is ahead of the truck: vedcas Yha cac.
G L e (o0,8) -bchueen ©=9 49 e tracle oner
a. When is the distance between them the greatest?
el

b. Approximate this distance between them

oz : . s el dutance
o i el Llh IS mia &G(O,"“) 2>
be{‘* ’5> cobin A y ‘ ‘ ke, urw) _\> Gy (4.2%)
Vc’%i—moc between coun § tude = 3235
7. a. When does the truck overtake the car? b. How far have both traveled then?
ﬁ’m@(vme— fervocenc ce (810‘) hre “@5 2((.25 250
, - 5 5 Hoo
Gpposonakely Thi 2 man s q 1 %wms s

94



5

ke

AP Calculus AB Geometric Understanding Fundamental Theorem of Calculus
Complete the table below. Let f=F' * £ {5 o Rers
Expression What It’s Called Is it a Length, Area, or Slope on f? Sketch on f
7
W in £ tf”\__%_ﬁ_'} =1 ‘ @ ?ﬁjﬁi
J®)-f(a) o T REves )
Ol 4« b
. 4
o Slope ofsecemt %li’ﬁ-c’/ ofF secant WAT /
" “
- . = Stwvnaie ,
FOI e e\ AR E Lt .}
b—a ¢ amvtrtgs e of | i
g o £ . ol a b
- 4
® S‘( o’I—- W O'F- &’0’\%“""" (INC.- 3 ‘
\\?\ufbd‘ K=0—. M ) ?”?;—L;!'
fl(a) " Fll ok )=e {K
i 1
° ‘ﬁ:::xf? < ol a b
4
Totek Chonge | crese wnder £(x) e
. In ﬁx) bhwn andl olovne  P0—Op0iS /i//
r" L f(t)dt Y=o 4 X=b. on \nteral Lo~ %
x—o_ to 2=l =
F0) - Fla) " . g
7
Avevege j&jﬂ
Varre of- ) Lz%%('(» Pev: /2/
|- il \fcﬁéﬁ.—
_ j' F(@o)at | ven _’3
b-a’e _— (F(b\—f:(m)) distmee (. ‘
(o) o a b
7
Totu chonge Orea.  betreen k) | 2
on btue and ¢ —axis o =1
L’F(b)_F(a) X=c 4 X=b. X—a o x=b. , y/;
) i 1
N Ol @ b
4
A i
F(b)-Fla) | Puerng Lengin oy =
BEa Va,WC/ O’P—’C(x) ol Y Vel /f'(‘ B
on (ay9). S ghacd
' 0l a b
f= F’ | 1 .
y- th»:p . £nGH _ =12
Fla) s R ol
o [ V&(‘h‘w disterce o R
= () ¢ o & b
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§5.4 Properties of the Definite Integral

Let’s use the following graph to develop an understanding for notation of the Riemann Sums.

Riemann Sum & Definite Integral f f (x}d.x can be approximated by:
y = f{x) ) flcs) area= f{c))ax + f(g)ax + flc;)ax + flcs)ax + flcs)ax
= [flc,) + flg) + flc3) + flcy) + flcs) ] Ax
= % f(c.) ax

& if we use n rectangles instead of 5 we write: ) f(c, JAx,
v CO -4
ax | x Whatwill happen if we let Ax get smaller and smaller?
a ¢ ¢ G ¢4 b=cg Thewidth of each rectangle will become smaller and smaller.

The number of rectangles will increase.

b B .
We can represent this by using a limit: f flx)dx = tim > fle,)Ax,
a - 4

Let f be a function that is defined on the closed interval [a,5]. If A is a partition of [a,5] and Ax, is the

width of the ith interval, ¢, is any point in the subinterval, then the sum Zn: f(c,)Ax, is called a Riemann

Sum of f. , - '

Furthermore, if ,11123 i flc,)Ax, exists, we say f is integrable on [a,5] and J:J f(x)dx is called the definite
i=1

integral (or Riemann Integral) of f from ato b. ais called the lower limit of integration and 4 is called the

- . . . ; b- : s .
upper limit of integration . The width of each rectangle is Ax, = 9 and in the definite integral is

n
represented by dx; the height of each rectangle is f (c,.) and in the definite integral is the function.

= '3 x+7dX—}’EEZ(i/':](Z)

General: I ’ f(x)dx= limi f(¢)Ax, Examples:
a Hn—>0 -1

Diffecences s - 4i 4
N L\3/x+7dx:'111_£2§[3(1+—’;)+7)(—

Example 1: Write the following as definite integrals: i
n “ 3 n
BRI [ RN X))
n—>0 n->0 T\ n n n
1 Ly )
aX=3 = S“(“’x{—)‘)o\)ﬁ ax=%

/—\
S
\___/
L..__t
h
\___/

d) }zi_{gg{sm( ﬂ( j j&“‘&" e) ,1532{(](1) -f: K Ox hmZ{l+ +

A\(" AX=T- g <‘ v 2%+ X"') 4&:1



¢ D&I\ Properties of Integration:

D0 C: fi)dx =0
P

Fo [ pmdn= [ e
M& j f(x)dx =0

J. : cds=(b-a)-c (¢ is any constant)
# [ f@de=—[" f)ax

[k fode=k[ fx)ax

[P+ g@ds =]’ fds+ [ gy

[Cr@an=[° fean+ | feds

Example 2: Suppose .E f (x)dx =4 and j: g(x)dx = -2, find:

) [376 =2 [ fud

b [[6)-geks = =2 o [Br)+2e(hs
=2 " 55; Sl Zﬁ 9(ddy
- = 24y +2 (V) = 8
D [[Pel)-3/ () O [Rr@ks =2 [ furd
21 o i) = 2 ()
-2(-2) - BM) =
= -l

Exé.mple 3: Given I y f(x)dx=5 and J. i g(x)dx =—4, use the properties to evaluate the following:
a. [ fx)d

b. [ 3f () c. ['3dx_ d. j:’(3+ Fx))dx
= - (24w =% [57 flx) o = 3(p-) = 3(b-a) + (4)
- , & B S e = Bo-2a+Y
e. [ (f(x)+gx)d £ | () - g ) g [ g@dc+ [ g
:ff-%d d”*ﬁfﬁ(\é) b —’.I.f focare ,.ijbc)d)a - J(: g(x) dc
0 o =4 I ek

Z9.



4.0 [ 2f () +3)ds =17, find [ f(x)d
Z \Z L) Ay + ﬁ%ah)o N
2 (556 dx + B(5-2) =
7/&5 L)oo + 9 =\
5. If f{x) is an EYEI:I___ function and you know j 04 f(x)dx =6, then what is the value of I _44 f(x)dx?

j@m dx =G 5* )oLx Y—ﬁ' fix) dx = 12
o

6. If f{x) is an odd function and you know _[: f(x)dx =6, then what is the value of J: f(x)dx?

Yigc‘éa)/—(a g* ey o = f" Codldge + ﬂ‘ﬁm oo
-y - )
= b + b
— O

27 ftc)dx =9
Eacbddx =4

7. Given: j. 07 f(x)dx =5, J' 57 f(x)dx=11, J' 710 f(x)dx =12 evaluate each of the following integrals:

a. [ fxydx b. [ f@)dx e [ fodx

= [ foe)cbe + [H0) o =0 =~ (7 freydx

= L+ = __5

= 5
d. [ feods . {47 (x)dx £ j:o-;- Flds
= joﬁ(udx —J‘;p()dd)‘ I{j:'rﬁc( \d* 1 "\i Cj f6e) e
=51 ""(Lf(“) _ 2‘7;0_2/) |
e =y

- -G | .
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§5.4 Properties of the Definite Integral Hg({

Given the graph of f(x) on the domain [-8,11].

A

foT*
v
. /
/ by
3 S NEY 3 3 6 7 *

1. j f)de=\5
Jrea=o

7. j F(x)dx

- 5,.4;{ 41S =\

10.7"(6) = O

Flo)="2 fr(01=0

or False: } f(x)dx +j- f(x)dx= j f(x)dx

0
3. j F(x)dx
-6
=S -\ = =497
- 2
0 4
5. [f@ax 6. j F(x)dx
7 8
= _.L_' P‘X«)d)‘ =, _gj F(,‘) dux |
= —‘5 = . ((a_'b) :4\"
8. Average valueinfover[0,5] 9. f'(-6) undefred—
| S dur tv shorp powrt-
e F(3dx P
"i‘iﬁﬂ- frefp 4 FE)
— ’5‘ (\ g 5 h’c&

verhtalk

1 1.‘True ior False: j.f(x)dx +j‘f(*%)dx '=j.‘f(x)dx

—"

13. Over what values of x is f not differentiable?

5 ')CG -(p 0,7 7 ?IIO
,ﬁ Pba)otwf:#(»)&w =ff=%qu I

ble §x) has shap poinks
P(a) 4 £/ () o Hrose xmloes
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A two-day environmental cleanup operation started at 9 am
on the first day. The number of workers fluctuated as shown
in figure 3.28. Let f(¢) represent the number of workers on
the job at time ¢ where ¢ represents the number of hours past

§5.4 Properties of the Definite Integ‘ ral

Part II. The Worker Problem (Hughes-Hallett, 2" ed., p. 165, #12 — Revised)

9 am on the first day.

# of workers

L% =

L

&

Complete the missing entries in the given table. TETE z: 2 18 ;‘ o qlq Py Bnwteh
ﬁql Z " mv ‘mb
QUANTITY ESTIMATED VALUE REAL-WORLD MEANING
(include units) (as a complete sentence)
At 5(/\«. on Yo Frgk ﬂ.w, of- ey
L. f(8) 20 wilkes Hare were DO WKL o\ (00
5 -20 20 werkers Left- H-e job S¥e
2. f®-f@) | Lom € Gpm..
= 20 workess bthween Lpm € 5p
So0-2%0 < _5 Berween Gam ¢ lpm Yt Aumiarof wWikes
f(4)-1(0) H4-0 [T iNurcaged oL . e of B wwkess er
4-0 5 wocker per hoas i
7 Wie3d 233 ce (220),(36,M)  suhsh L14<0
4. 'P @"O 0 workers/hour ! 7
¥ b-vowes rotc
eshinote S(aycoFWhﬁ, Mo Spm , 8 s affer desnup Hre numbe
5. £'(8) O-@o_"e__ns | oFweiees m-mz‘so‘o is d A Mg ot a ke
-4 ¥ %\ cf Hwirkes ety T hows,.
‘ (show work) eshiate TRATs|  Biohaoern. Gast B 5 pm on e 2ad cl.M/ of-
32 _L(L()(:‘zo—l' S0 ¥ 90 *3“) cleanvp et were ope¥vin
6. [roar | % EnE , How §0. 1 o
24 = 920 w ’57‘0\1\/0;'\(-@@0’\ J W&(%W\Wﬂt\ '

7 .
%o):
(80) uﬂ«)db

(wear) (e} (£)
(520)( ©)fi%,)

v
The cost of the cleanup-operation from 9 am to 5 pm
on the 2™ day if workers were paid $10/hr.

& 25600 Cort 4o Py waded
- i - ‘E" —‘2‘ . .
8. J'\ uo(,,g S ‘?b,?o "8 2 The average rate at which the labor force declined
( Lodoorfirve dhechined. from 5 pm to 1 am on the 1% day.
Suwickers .exer) Lhews, chﬂ— d\v‘—at’-%
§)(10) &4 (1) 20\ = 122
9.__L e ( 1S ?l:r » & The average number of workers during the time period
4 %—Rb) db 5 5 pmto 1 am on the 1% day. L te

N aueruge vl = pmf S Podae

ol warkedd on joo
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