Asur ke EAgeN)

2.1 How Do We Measure Speed?—Student Notes HHo6ed

Part I: Using a table of values for a position function

The table below represents the position of an object asa function of time. Use the table

to answer the questions that follow B
5(6) (£, st&)

| Time (sec) | Position (m) )
2.8 7.84 (sccon&s/ merersS
2.9 8.41 41 #a)
;&:5 3.0 9.00 | J #7)

3.1 9.61
3.2 10.24
a3 10.89

1. What is the object’s position at time ¢ = 3 sec? at time 7 = 3.3 sec?

5(3) = 4 metus. s(2.2) = 10.89m.
2. What is the total change in the object’s position over the time interval from 3 to 3.3
s s(2)— o(») = 189 m

3. Find the average rate of change in the object’s position over the time interval from 3.

to 3.3 sec. Show your work. Include units. 5(3"5}_- S(3) _ 1.8an~ = (.3
22-% OB ses Sec

4. By what familiar name do we refer to average rate of change in position?

AROC = avemge velociy = slope. o secant Une. .

5. Estimate the instantaneous rate of change in the object’s position at time ¢ = 3 sec.
Show work. Include units.  5(3.1) —s(2.4) _ 9.6 — 8.4 L2 = &

T et

"
24—~ 2.9 D=2 -z Sec

6. By what familiar name do we refer to instantaneous rate of change of position?
TROC = Wnstortaneas Vveloaty = slope of “engent™ line_.

7. Find two other reasonable estimates for the object’s VCIOCl at time 7 = 3 sec. Show

work, S(21=5(2.%) = 4—8ML  [gz] J(BN-=SE)_ T6i—4
flf»} 2~ -\ %5 2\-D Y
= 5.4 MSec = (o.\ m/sec

8. Of your three estimates for Velomty atr= 3 sec, which one do you prefer? Why?
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Part 2: Using a graph of a position function 5@)

PDM M

The graph showm represents the object’s )
position, in M'loS, as a function of time, in e
hours since noon. (The vertical scaling is
intentionally omitted.)

1. Does the object cover a greater distance
over the two-hour time interval beginning

at noon or over the two-hour time interval : - = ‘th&. +

SN RN 6 \3

beginning at 4:00 p.m.? Explain. hows
o L [o 2]+ steeper 7r¢a46rd/5-l*moe siice. 5(2) - 3(0) > 5() - 5(4) Since
( 4 howre.
'ij 6 - notas Steep , shorder distonce .
2. Does the Ob_] ect have a greater average velocity over the two-hour time interval

beginning at noon or over the two-hour time interval beginning at 4:00 p.m.? Explain

v elot) ARoC __(EL_EC_O.L > s(e)— s(»ﬂ
Slope-
3. Is the object traveling faster r at 4:00 p.m.? Explain.

i~ Label the scale of the y-axis So that 1 block = % mile.

4. Refer back to questio@but now calculate the distances covered over the two given
time intervals. Then decide if your answer to question #1 was correct.
s(2) - s(0) S(6) —S(4)
= 3-0= Smiles 56-U.S = | mile
5. Refer back to question@and calculate the average velocities over the two time
intervals. Draw the secant lines on the graph. Show work (including units) and decide if
your answer to #2 was correct.
sky-sl6) - B™m e) - 5(4) - ! £
—Z-0 _ Zwhr = -
= 1.9 m/yyr = 0% M/h(s
6. Refer back to questio@md estimate the instantaneous velocities at the two
specified points in time. Draw the tangent lines. Show work (including units) and decide
if your answer to #3 was correct. P
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Part 3: Moving closer to a formal definition of instantaneous velocity

Y, = () SUC) metess
Consider the function s(7) = #* showsron the graph below. Suppose & 7

phawe SULZ8™ this function represents the position (meters) of an object at time 7 it _n
ot (seconds). How can we find the object’s instantaneous velocity at \ ¢ Bk gLy a )

X (b ) a particular point in time, for example at r =2? Is i i : [l
s ple at 1 =27 Is it even possible \I 7

to do so? On the given function s, the point (2, 4) has been labeled .

along with a second arbitrary point (g, @®). Answer the following . {34

questions. Many of the answers will be expressions in terms of a. A\ /

1. What does the quantity s(2) represent? ‘What is its value? 4- = Js
5(2) 1S Hre dZterce  oF paa'ﬁ-ﬁn of— e abje,m‘- ‘ Secon
i velers e himee T =7 seconds.

S() = (@) =Y metess, -
2. What does the quantity s(a) represent? What is its value? -
HO) (5 He positen of ‘e sbjcct in neders af— tame t=a Seonds.

5(0,} = (@)= & paters .
3. Write an expression for the total change in the object’s position on the time interval [2, a].
As(0) = s(o) — s(2)
= a¥-4 pees
4. Write an expression for the ij ect’s average veloc{ty on the time interval [2, a].

P%Vd"/}fROC; S)-5(2) - @ttt metess

5. We can use the object’s average velocity on the interval [2, a] to approximate the object’s
instantaneous velocity exactly at the time ¢ =2. Of course, as the interval [2, a] gets smaller
and smaller (i.e., as the value of @ gets closer and closer to 2), the closer the average velocity
will approximate the instantaneous velocity. /& ?—Y af o:’—')
a—71 ¢ (z—<
a.  Calculate the average velocity of the object on the following time intervals. Show work.

2z
[2,2.1] (2.0 -1 A _Wg_ [1.9, 2] 4 ~(18)" 3.9 m

@’zd—] i~ . ot P

o %d; [2,2.01] V2% 4.0 [1.99,2] 4— (1.95)* |

y 2,2. Zz.0\) = 400 .99, — (1. - %.9% m—m

(/L::: ‘ LEBTT sec Z=J-7% e

C .

o T Z.00\)- Y =

N [2,2.001] (Z-2\)=4 _ 4,000 w1992 A= 3T g eaq

a— 7.00\ — 2 > Z-/-997 sec
Hie o’ 5 "

g5 loses [2,2.0001] (2-200) -4 = &) Gl e [19999,2) P (?.3999) - 2.9999 »~
ot X ] — 2 —1.9999 sec
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b.  Just how small must we make the interval [2, a] in order to get the exact value for the
instantaneous velocity at r =2? The answer is infinitely small! If we find the limit of
the average velocity as the time interval [2, a] shrinks to zero (i.e., as (a—2) — O ora
— 2), we will know the exact value of the instantaneous velocity at time # = 2. Use the
result of the previous question to estimate the answer. Then, find the limit algebraically,
using the expression for average velocity that you wrote in #4.
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c.  What is the sign of the average velocities on the interval (—,0)? Yhy‘? I

u& m}\‘ss%m ‘-H»vﬂc:giltz C:f( pp:s:gm of

shvéch s decressniy.
d. Whatis the sign of the average velocities on the mterval(O oo)? Why?
The velowy vedoes wll \m—ﬁaw\'\v‘?— on (0,®) becamse
%_,._,5\3?1, i chrhvv ¢ Hee Sustoce o Po‘&ct\‘-m of e
sped™ s inoreusiny,

So, formally average velocity is the ratio of a change in position (distance) to a change in
time. Velocity can be positive, zero or negative, depending on the direction traveled. If two
points on the position function s(¢) are (a, s(a)) and (b, s(b)) then

change in posztzon As  s(b)—s(a)
A(ZQC/ el Veloc1ty Wi = change in time At b-a

- Speed is the magnitude of velocity and is always positive or zero. Speed. = ‘ Ve\ouq"-{l
cdosolte Vals e presem? wosenrtude
When you drive around town you calculate your average speed because you are not concerned
about the direction you are traveling, only the distance you are traveling.

Instantaneous velocity refers to the velocity at a particular point in time.

s6)-s@ | e bre
b—a \ Hne eyt (b2

’\;Kf.) ¢ +|  Instantaneous velocity = %1_1;2

It is also the slope of the tangent line to the curve at that point. simatderc .. - ( b «-ou) —* 0




Part 4: How Do We Measure Speed? How About Velocity?

1. Match the points labeled on the curve with the given slopes.

Slope | Point v Dﬁﬁ\‘m/ N E .

3 e F

T (vw\%

0 E

| A B

) m

2 O _ 'b«;“ e

\/ (secnt)

2. For the graph, arrange the following numbers in : D

ascending order. _ '

4 the slope of the graph at A >0
2 the slope of the graph at E =O
{ the slope of the line EF < O
£ the slope of the line AB 2> O
“Z_the slope of the graph at C < ©

\

3. Suppose that the graph is of the velocityys. time of a butterfly in flight. When the velocity
is positive, the butterfly is flying upward. When the velocity is negative, the butterfly is .
flying downward. Match the labeled point(s) with the appropriate description. Some Wf‘vdocdy

Seed=(vel| E /

descriptions may fit more than one point. l ;\_‘1

m
~_E__the butterfly is flying the fastest S¥E60 ‘g’?&}
= the butterfly’s velocity is increasing but at a
decreasing rate
C,’O the butterfly is in a dive toward a tasty flower
A the butterfly is flying the slowest SW¥aEY
the butterfly’s velocity is decreasing

i% E the butterﬂy s speed is decreasing

4. Find a point on the graph where the butterfly changes
direction. Label it G. There may be more than one.

7(fm5certep’r3
G, Gu




