Unit | Reading — Graphical Methods

One of the most effective tools for the visual evaluation of dataisagraph. Theinvestigator is
usually interested in a quantitative graph that shows the relationship between two variablesin the
form of acurve.

For the relationship y = f(x), X isthe independent variable and y is the dependent variable. The
rectangular coordinate system is convenient for graphing data, with the values of the dependent
variable y being plotted along the vertical axis and the values of the independent variable x plotted
along the horizontal axis.

Positive values of the dependent variable are traditionally plotted above the origin and positive
values of the independent variablesto the right of the origin. This convention is not always adhered
to in physics, and thus the positive direction along the axes will be indicated by the direction the
arrow heads point.

The choice of dependent and independent variables is determined by the experimental approach or
the character of the data. Generdly, the independent variableisthe one over which the
experimenter has complete control; the dependent variableis the one that responds to changes in
the independent variable. An example of this choice might be asfollows. In an experiment where a
given amount of gas expands when heated at a constant pressure, the relationship between these
variables, V and T, may be graphically represented as follows:
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By established convention it is proper to plot V = f (T) rather than T = f (V), since the experimenter
can directly control the temperature of the gas, but the volume can only be changed by changing the
temperature.



A. Curve Fitting

When checking alaw or determining a functional relationship, there is good reason to believe that a
uniform curve or straight line will result. The process of matching an equation to acurveis called
curvefitting. The desired empirical formula, assuming good data, can usually be determined by
inspection. There are other mathematical methods of curve fitting, however they are very complex
and will not be considered here. Curve fitting by inspection requires an assumption that the curve
represents alinear or simple power function.

If data plotted on rectangular coordinates yields a straight line, the function y = f(x) is said to be
linear and the line on the graph could be represented algebraically by the slope-intercept form:
y =mx + b,
where m isthe slope and b is y-intercept.

Consider the following graph of velocity vs. time:
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The curveisastraight line, indicating that v = f(t) isalinear relationship. Therefore,
v=mt+Db,

here slope = _Av Y2l
wnere Ope—m—At —W
From the graph,
8.0 m/s
_ — 2
M=7005 =0.80 m/s- .

The curve interceptsthe v-axis at v = 2.0 m/s. Thisindicates that the velocity was 2.0 m/s when the
first measurement was taken; that is, whent=0. Thus, b=vg=2.0m/s.

The general equation, v = mt + b, can then be rewritten as
v = (0.80 m/s? )t + 2.0 m/s.



Worksheet 1: GRAPHING PRACTICE

For each data set below, determine the mathematical expression. To do this, first graph
the original data. Assume the 1st column in each set of values to be the
independent variable and the 2nd column the dependent variable. Write an
appropriate mathematical expression for the relationship between the variables. Be
sure to include units!

Data set 1 Data set 2
\Y P A t X
(m3) (pa) (s) (m) 1
A 40 A .03
5 8 - 2 A2
1 4 . 5 75 —
2 2 1 1 3 A
4 1 2 12
5 .8 3 27
8 5 EEE— 4 48 IS
10 4 5 75
Mathematical expression #1 Mathematical expression #2
Data set 3 Data set 4
A W t Y 1
(mont (Ibs) (s) (m/s)
hs)
1 7.3 3 10 —
2 9.4 1.2 20 A
3 10.5 2.7 30
4 12.0 4.8 40
5 13.0 7.5 50 R
6 14.3 10.8 60 -
7 15.2 14.7 70
8 16.7 19.2 80
Mathematical expression #3 Mathematical expression #4




** Additional required reading for thisunit is chapter 2 in Conceptual Physics. It isthe expectation that you**
**read this befor e you come to class.**

Worksheet 2

1. Consider the position vs. time graph below for cyclists A and B.
X A

(m)

55 t (s)

a. Dothecyclists start at the same point? How do you know? If not, which is ahead?

b. Att=7s, which cyclist isahead? How do you know?

c. Which cyclist istravelling faster at t = 3s? How do you know?

d. Aretheir velocities equal at any time? How do you know?

e. What is happening at the intersection of lines A and B?



2. Consider the new position vs. time graph below for cyclists A and B.
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a. How does the motion of the cyclist A in the new graph compare to that of A in the previous graph
from page one?

b. How doesthe motion of cyclist B in the new graph compare to that of B in the previous graph?

c. Which cyclist has the greater speed? How do you know?

d. Describe what is happening at the intersection of lines A and B.

e. Which cyclist traveled a greater distance during the first 5 seconds? How do you know?



Worksheet 3

Sketch velocity vs time graphs corresponding to the following descriptions of the motion of an
object.

1. Theobject ismoving away from the origin a a -+ ’Jf?’
constant (steady) speed. :
T I e
T
{3
2. The object is standing still. 2.
W brrrrrrrrmrrnnnniiiiians S
T
() :
. . C )
3. The object moves toward the origin at a steady speed .
for 10s, then stands still for 10s. :
T I S
1
L
. . {42
4. The object moves away from the origin at a steady £
speed for 10s, reverses direction and moves back :
toward the origin at the same speed.
T I e
T
{3

Draw the velocity vs time graphs for an object whose motion produced the position vs time graphs
shown below at left.
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Worksheet 4

1. Robin, roller skating down a marked sidewalk, was observed to be at the following positions at the
times listed below:

t(s) X (m)

P
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0.0 10.0 = A S S U RN
St - i | 1 1 1 '
Lo TR S N S NS S S R
10 120 Do
e REt DTt R R R
2.0 14.0 A A
S T
5.0 20.0 A O S A S S
S
= [ 1 [ 1 1 1
8.0 26.0 S St R Sl Sl Sl Sl
S T S R S
10.0 30.0 2 it e i i i
- [ [ | ! | l W
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t(s)

a. Plot aposition vs. time graph for the skater.

b. How far from the starting point was he at t = 6s? How do you know?

c. Write amathematical model to describe the curvein (a).

d. Was his speed constant over the entire interval? How do you know?



2. Thefollowing data were obtained for a second trial:

t(s) x (m) Z
= %
0.0 4.0 E frrdnonn koo
® il
2.0 10.0 2 R
20 | 160 I
6.0 22.0 p AR A S S
8.0 28.0 ;’“T"T"T"“."'T"'.’"
10.0 34.0 oo
-:'.-'.-';.-'.d':-'.-'.d'.-'.-'.J.-'.-'.d'.-'.-'?xszx}zxszx?zxsz)xzxs?{:ﬁ/gffA

t(s)

a. Plot the position vs. time graph for the skater.

b. How far from the starting point was he at t = 5s? How do you know?

c. Was his speed constant? If so, what was it?

d. Inthefirst trial the skater was further along at 2s than he was in the second trial. Does this mean that
he was going faster? Explain your answer.



3. Suppose now that our skater was observed in athird trial. The following data were obtained:

t(s) X (m) P
0.0 0.0 —_
R S S T S T
N T R R T R A
2.0 6.0 T S N I S S
40 12.0 SR R R S . U
60 | 120 2 Rk R e Rt et
80 | 80 Poboidonon
100 | 40
12.0 0.0 'u;"."."}'.".";".".".".".;.".".".".";’if.fi.':.fiffi:f.fiff.':f.fif.a‘éﬁ/’f:fA
t(s)

a. Plot the position vs. time graph for the skater.

b. What do you think is happening during the timeinterval: t =4stot = 6s? How do you know?

c. What do you think is happening during thetime interval: t = 6stot = 12s? How do you know?

d. Determinethe skater's average speed fromt =0stot = 12s.

e. Determinethe skater's average velocity fromt=0stot = 12s.

10



Worksheet 5

2. From the position vs time data below, answer the following questions.

x (m)

10
10
10

t(s

a. Construct agraph of position vstime.

¥ (mis)

“

b. Construct agraph of velocity vstime.
ZX (m)

B L R N N LR

-
-

t(s)

£

-

10

1
1
1
1
1
1
PR I T Speia S
1
1
1
1
1
1

>

TTAaTTaITTAITTTTTroT T TeT T
1
medecdacdaclacb b cab o

1 1
1 1
TTAaTTITTAITTrTTTreT AT T
1 1
B T I B N e
1
1
TTAaTTITTaATTTTTrT T AT TeT T
1
cedecdeacdeaclccbacbacak -
1 1
1 1
1
1
1

1
1
inie R My M il Sl i
1
cmdecsdeacsdacdcacabecckhcak ae
1
1
TTaTTaAaTTaATTTTTrTTrTTe TS
1
B e I T I R S ST S

1
-—d - .

1

1

1 1
-_—b e m -

1

1

1

1

1

1

1

1

1

1

1

1

1
e e =

—— -

- -l - -

—_— -

-_——bl b -

B R R R EEEE LR R E R L

-_——bl -

—————

N L

—— -
1

——r -

[ et i i e Tt I Ey By T T
1 1 1 1 1 1 1 1 1 1 T
Loodo ol odo Lo JdooodooL_Jdoo_
1 | 1 ] 1 I 1 | 1 1 T
1 1 1 1 1 1 1 1 1 1 1 .
T I T Iy e e
1 | 1 ] 1 I 1 | 1 1 T
1 1 1 1 1 1 1 1 1 1 T
Ledecb cde b e de ek o d e ek e d e e o
1 1 1 1 1 1 1 1 1 1 o
1 1 1 1 1 1 1 1 1 1 1 M
R e SR e e s
1 1 1 1 1 1 1 1 1 1 1 M
1 1 1 1 1 1 1 1 1 1 T
r-1--r-A--r-9--r-9--F-°9--r-"°%
1 1 1 1 1 1 1 1 1 1 T
1 1 1 1 1 1 1 1 1 1 1 M
r-1--r-A--Fr-9--rFr-9--F-°9--r--
1 1 1 1 1 1 1 1 1 1 1 M
1 1 1 1 1 1 1 1 1 1 o
[ e Bl il Bl il Ml sl Ml iy Ml el
1 1 1 1 1 1 1 1 1 1 T
LA N _C_a_ v _a__v_a__v_x
0 i 0 d 0 i 0 i V i [
1 1 1 1 1 1 1 1 1 1 1 M
T T T I S R S [P B I
1 1 1 ] 1 | 1 | 1 1 [
1 1 1 1 1 1 1 1 1 1 o
L e e e T L
1 1 1 ] 1 | 1 | 1 1 P
1 1 1 1 1 1 1 1 1 1 1 M
B A LA PR PP IPAPL AP NPAP PP

(Fy

10

(B)

(4]

d. Determine the displacement from t = 3.0s to 5.0s using graph B.

e. Determine the displacement fromt = 7.0 sto 9.0 susing graph B.
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Worksheet 6
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X Vs. t graph

Vv vs. tgraph

Written Description

Object moves with
constant positive
velocity for 4 seconds.
Then, it stops for 2
seconds and returns to
theinitial positionin 2
seconds.

Object A starts 10m to
theright of the origin
and moves to the | eft at
2m/s.

Object B starts at the
origin and moves to the
right at 3m/s.

13




Review

1. Consider the position vs time graph at right.

a. Determine the average velocity of the object.

b. Write amathematical equation to describe the
motion of the object.

2. Shown at right isavelocity vstime graph for

an object.

a

Describe the motion of the object.

Draw the corresponding position vstime
graph. Number the x - axis.

How far did the object travel in the

interval t =1stot =2s7?

M 1 1
.
505-1-4--

What isthetotal displacement? Explain

how you got the answer.
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3. Johnny drivesto Wisconsin (1920 miles) in 32 hours. He returns home by the same route in the
same amount of time.
a. Determine his average speed.

b. Determine his average velocity.

c. Compare these two values and explain any differences.

4. Consider thev vst graph below.

b
7.
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e T ! [y S
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mod_oo_L_d__o_L_J

a. Describe the behavior of the object depicted in the graph.

5. A racecar travels at aspeed of 95 m/s. How far doesit travel in 12.5 s? Use the appropriate
mathematical expression and show how units cancel.

6. A ball rollsup ahill with avelocity of 2.5 m/s. It is being accelerated with a constant 0.4 m/<%.
What isits velocity after 3.0 s?

7. A racecar dowsfrom 50 m/sto 22.3 m/sin 2.8 s. What isthe cars acceleration?

15



Worksheet 7: Stacks of kinematics curves

Given the following position vs time graphs, sketch the corresponding velocity vs time and
acceleration vstime graphs.
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For the following velocity vs. time graphs, draw the corresponding position vs. time and a-t graphs
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Worksheet 8
While cruising aong adark stretch of highway with the cruise control set at 25 m/s (=55 mph), you

see, at the fringes of your headlights, that a bridge has been washed out. Y ou apply the brakes and

cometo astop in 4.0s. Assume the clock starts the instant you hit the brakes.

1. Construct qualitative graphical representations of the situation described aboveto illustrate:

a Xvst
b. vvs.t
C. avs.t
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3. Construct aquantitatively accurate v vst graph to
describe the situation.

4. Onthev vst graph at right, graphically represent the
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car’ s displacement during braking.
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5. Utilizing the graphical representation, determine
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how far the car traveled during braking. (Please
explain your problem solving method.)
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In order to draw the a vst graph, you need to
determine the car’ s acceleration. Please do this, then

sketch aquantitatively accurate a vst graph

6.



