Distance, Displacement, and Position

Introduction: What is the difference between distance,
displacement, and position?

Here's an example: A honey bee makes several trips from the hive to a flower
garden. The velocity graph is shown below. What is the total distance
traveled by the bee? What is the displacement of the bee? What is the

position of the bee?
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Warm-up
A particle moves along the x-axis so that the acceleration at any time tis
given by:
a(t)=6t—18
Attime ¢ = O, the velocity of the particle is v(0) =24 and attime £ =1,
the positionis x(1) = 20 .

(a) Write an expression for the velocity v(¢) of the particle at any time £.
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(b) For what values of £ is the particle at rest? yhga V('E):o
-1kt +24=0
L~¢e+4=0
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l-t =y, £

(c) Write an expression for the position X(¢) of the particle at any time [ .

x(#)= fuode
x(£)= S(st‘-ltt +24)dt
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(d) Find the total distance traveled by the particle from ¢t =1 to t = 3.
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Warm-up Answers

(@) v(r)=3t*—18t+24
(b) t=2.tr=4
(C) x(t)=t"—-9t* +24t+4

(d) Total Distance = 6



Now, using the equation from the warm-up find qthe following
WITHOUT A CALCULATORY): :

(a) the total distance from 0 to 4 1
v(£) =31k +24 3 "
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(b) the displacement from 0 to 4
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To find the displacement (position shift) from the velocity function, we just
integrate the function. The negative areas below the x-axis subtract from the
total displacement. b

Displacement = | v(¢)dt

To find the distance traveled we have to use absolute value.
b
Distance traveled = J. ‘ v(t)‘ dt
a

To find the distance traveled by hand you must:

Find the roots of the velocity equation and integrate in pieces,
just like when we found the area between a curve and x-axis.
(Take the absolute value of each integral.)

To find the distance traveled in your calculator you must:

Integrate the absolute value of the velocity function.



Example 1: Find the displacement and distance traveled using the velocity

graph below.
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Example 2: Given V(¢)=5cost, 0<r<2x
Analytically:

(a) Determine when the particle is moving to the right, to the left, and

stopped. 1 De~iv TSt (vse V‘t))

Sheped P4 = 4
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(b) Find the particle's displacement for the given time interval.
Eog .l
5- 5costdt = Jsint \ ,
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&

) Find the total distance traveled by the particle.
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Sher b= PpoSinen
A parti along the x-axis and its position is given by the graph of the velocity function v ft/s
Given x(0) = -25fand the graph of v(t) for 0= t = 16

=

(a) Does the particle begin moving right or left?

right ble vi€d>0
(b) When is the particle at rest? L b [
e+t=1l sees ble vle)zgd
(c) What is the maximum velocity? | r f f

1 ftlsec @ +=0

(d) What is the maximum speed of the particle?

Y f€feec @ €713 speed=[{ld

(e) When is the particle moving to the left?

(v,1e) ble vlE) 20

(f) What is the fotal distance the particle
24430+ $11¢ =(g0 £\

(g) What is the x—coor*din(‘ﬂie. of the particle’s position when it is farthest to the right?
~2s+ §,'viE)ok= -25+ sq-ﬁqﬁ. )

(h) What is the displacement of the particle for [0, 16]?

oVt = 130 -3 - 1§ =(2$ =t
m-cwdmmﬁ of the particle’s finishing position?
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2. A bug begins to crawl up a vertical wire at time t = 0. The velocity v of the bug at time, t, where t is [0, 8], is
given by the function whose graph is shown above.

i) At what value of t does the bug change direction?

(a) 2 (b) 4
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i) What is the total distance the bug traveled from+ =0 to + = 82

(a) 14 (0) 11 (d) 8 (e) 6



3. An eguation of the line tangent to the graph of y =cos(2x) at x = I"V i < O)
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4. Anobject moves along the x-axis with initial position x(0) = 2. The velocity of the object at time t=0 is given
by ¥(7) = smgr}

(a) What i is he acceleration of the object at time + = 42 T - )
- 2,
ald= V)= Ten(5y) aN=% Cos(l ) ) 36
(b) Consider the following two statements. b
Statement I: For 3« t < 4.5, the velocity of the object is decr
v(‘b) SinTY =Zo V(4)= sin¥T = i T

Statement II: For 3<t< 4.5, the speed of the gbject is incre
[”vc: =0 1 W = CsTrue

Are either or both of these statements corre 17 For each statement prowde a reason why it is :

correct or not correct. wor
80"4\ o covrsect (S(C oloove.
(¢) What is the total distance traveled by the object over the time interval [0, 4]7 .' s'n Jt dt
]

(d) What is the posi'rion of the object at time t = 42
a + Smn—f dt ' -‘Q 39T
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5. Two runners, A and B, run on a straight racetrack for 0 <f =10 seconds. The graph above, which consists of
two line segments, shows the velocity, in meters per second, of Runner A. The velocity, in meters per second, of

24¢ 1 S
Runner B is given by the function v defined by v(¢) = ) N . . . ..
2t+3 L
< - T + +
(a) Find the velocity of Runner A and the S8 - e
velocity of Runner B at time t = 2 seconds. R R I
Indicate units of measure. “g § T L
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A 1 M’S E ® T M ‘ S ;3’ g :i": + T+ o + + + ? Or + +
(b) Find the acceleration of Runner A L/ |+g |
and the acceleration of Runner B at time + = 2 L/ . . . . . . .
seconds. Indicate units of measure. N A e e e
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(¢) Find the total distance run by Runner A and the total
distance run by Runner B over the time interval 0 <7 <10 second
Indicate units of measure. 10
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