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Graphical Representation of Data & Data Analysis
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1. The aims are to learn how to:

a. represent the experimental data graphically. b
b. calculate the physical parameters from graphs. Cy CL:JM\_/__):") !@\-A'_d’ e T
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e e Scientific experiments are often carried out to discover the relationship between two
S '~ parameters. The experiment is designed so that the change in one parameter
z e (independent parameter) produces a measurable change in the other parameter
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The independent parameter is the parameter that is changed intentionally. The
dependent parameter is the observed/measured parameter., i e - =
J9+p 8 A T W Ls

¢ The data collected in any experiment is often organized into a table.

Data may be correlated [Mrs. Grieser's math site*].

o positive correlation: increasing -;VL?:S’ .. 3_L/,>—_" b[f"/ ?
o negative correlation: decreasing ety e L,}J‘/ el

o relatively no correlation: no apparent relationship between the data
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e Graphs of the collected data are often used to calculate unknown parameters of the

experimental system if the system’s formula is known.)(/9.§ C(__gajj,fwé \a e D/E.é:\'
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The independent parameter is shown on the x-axis and the dependent' parameter is
shown on the y-axis.
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Axes of the graph should have an appropriate scale. The scale should show all the points
clearly without having them too close or too far apart. The scales for the two axes can be
different depending on the given values. The used units, if there are, should be displayed

on each axis. FV/JJLUL-//(-MJL_;\MC]M»L/)\ \_)\}JLQJ\ uﬁé\yl os S P
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e There are several types of mathematical relatlon are plotted in graphs, two-
dlmen5|ona| stralght -line (or curved-line) graph is most common. _ . p
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The general equation for a straight line is I ™
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where x is the independent variable, y is the dependent variable, m is the slope of the

straight line and b is the y-intercept, that is, the value of y when x equals zero. In this
equation both m and b are constants. See figure 1.
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Figure 1. slogf and intercept in the linear relation. @}\ Valocts 2AZi5 2}\ 259
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3. The Line of Best Fit ~Pls<ble, JJS/')

e The line of best fit is the line that passes through as many points as possible, with
the remaining points grouped equally above and below the line, and spread out
along the line rather than concentrated at one end.

e The line of best fit is used to estimates the value of a physical parameter that is not

actually recorded and plottedm\/ leg.L\q,J A?&-'—'J(/w))\\e}\f‘wir""'
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1. Arrange your data in a table (independent variable versus the dependent variable)
2. Making a scatter plot: Describe any correlation seen. DeC|de whether the data can be

modeled (does it show correlation?). J/b‘,v/’(_}‘ oo AT R [rs - 2
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3. Adding a line fit: “Eyeball” a line that appears to fit the data closely. There should be

about the same number of points above or below the line drawn as shown in figure 2.
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NOTE: If the formula plotted in the graph is in the form of vy = mx, the fitting line should
C\E,E::), pass through the point (0,0)
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Figure 2. The line of best fit for scattered data.
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To find the slope of the fitting Tine:

o Choose any two points on the line of best fit (i.e., (x1,y1) and (x2,y2)), not necessarily
two data points. Next, draw a right triangle using these two points as shown in
figure 3.

o Subtract the two y-coordinates from one another and subtract the two x-
coordinates from one another. Divide the y-coordinate's result with the x-
coordinate's result. Reduce the number if at all possible. The slope is SINETR
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Figure 3. Calculation of the slope of a fitting line.
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Errors Types
Absolute Error (E): The difference between the experimental (measured) value and the

true value. Then, E has sign (+/-) and physical units:

E = Exp. value — True value = X, — X;
Relative Error (E,): The absolute error corrected for the size of the measurement or

expressed as the fraction, %, or parts-per-hundred (pph) of the true value E, has a sign,
2J el |- v L
but with no units: MLWW}’JW‘(P'P oz lgds )
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= o E=[(X. - X)/ X]*100%
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HomeWorks:

1. Calculation of an unknown parameter when the system’s formula is known

According to the laws of motion, the velocity of an object moving in the x-direction with a
constant acceleration a, at time tis given by

Uy = Uyo T Ayt
If the experimental data of the object velocity and the time is tabulated as

Time (s) The object velocity (m/s)
10 48
20 73
30 108
40 133
50 165
60 193
70 228
80 253
90 285

Draw a line that appears to fit the points. Then, calculate the initial velocity of the object
V,o and the acceleration of the motion a,,.
Answer: v,,~15m/s & a,~3 m/s?.

2. Derivation of formula from data

The table below shows the number of woodpecker clusters in a forest. Write an
equation that models the number of active clusters as a function of the number of years
since 1990. [Mrs. Grieser's math site *]

Year 1992 | 1993 | 1994 | 1995 1996 @ 1997 1998 @ 1999 @ 2000
Active clusters 22 24 27 27 34 40 42 45 51




1) Make a scatter plot.
2) Does the plot show a correlation? If so, we can fit a line to the data.

3) Draw a line that appears to fit the points (use a straight tool such as a thin pencil or
dry spaghetti strand to help fit the line).
4) Write an equation for the line — find 2 points on the line.
e two points
e slope
e equation
* https://sites.google.com/site/mrsgriesermath/
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Free Falling Experiment
)\
\}%o}é"n(/gy,—é\ 5P 5o\ WPl L 2 loe il tluep DI g lueS o luep - |

1- Measure the acceleration of a falling object assuming that the only force acting

on the object is the gravitational force.
q/JL}.C‘JLuu)—PU/[ﬂ-[‘d“,L«MUN'g_)(/v, 2

2- Prove that the measured acceleration is the acceleration due to gravity.
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Free falling of an object:

An object that is moving only because of the action of gravity is said to be free

falling and its motion is described by Newton's second law of motion. C"“‘}) b ae s Laios
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When an object falls through a vacuum is subjected to only one external force, the -
gravitational force, expressed as the weight of the object.
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So, the acceleration of such object a = the acceleration due to gravity g.
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Then the motion of a free-falling object could be descrlbed as in the following
equation:

2
. d=y— yo—voyt+ gt
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Where d is the distance between the initial and flnal vertlcal positions and vy, is

the initial velocity of the free-falling object.
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If the initial velocity is v, = 0 so d= +%g t?
~ sl \ Us 5L ) AS
We can rewrite the equation as: 2d = g t?
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When drawing &2 (x — axis )and 2d (y — axis) . the result will be a straight

line passing through the origin and its slope =g




2d (m)

Slope =g (m/sec?)

>t2 (sec?)

=l

3. Procedures

s ANe )| pEinind
We will use the following link of the PHET simulation:

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion en.html

1. Use the PHET simulator by clicking on the above link. Then, choose “lab” icon

(B2 o) 2 AowJ@yléwbPHfTGB e
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2. Adjust the cannon to be in the vertical position (6 = 90°) assuming the air

resistance is 0. i\ oy
a_s il o And pe
3. Adjust the initial velocity to 5 m/s.

PV ps prp) 5 S0 GAb)

4. Launch the ball by pressing this button
Vo2 o520y Ly (005 s lir)) ) coer gy
, place

5. Measure the maximum height (dmax) and time (tmax) using this i |con

the cross on the object at its maximum height.
CL;JA-A..DM\M\ ol — (% Aﬂ"—’\’ 5 33-/\5‘\2} \st
6. Repeat steps 3 to 5 for different |n|t|al velocity of (10 15, 20, 25 and 30 m/s)
9 Shat Ars® e
7. Calculate the value of 2(dmax) and (’E::x for each measurement.




Initial Values
Height: 0 m
Angle: 90
Speed: 20 m/s

( Cannonball l V]

Mass 1.00 kg

(O AirResistance ¢
Altitude om

1I—

Drag Coefficient: 0.47

Initial Speed 20 m/s

g —0— »

5T
4. %esults

Figure 1. Simulation setup and its initial setting parameters

1. You may record your results in the following table:

free fall experiment
Inputs Calculated values
Initial Maximum height Maximum 2d
velocity dmax (M) time ( r;ln;x
(m/s) tmax (sec)
10

(tmax)? (sec?)

12

14

16

18

20

22

24

26

30

Table 1. Measured data
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2. Using the relation:

1
d=y-y,=5gt*
:9L~ud»rvM»lw}&ﬁﬂﬂ«o!eprjx/;;gz(tw)ﬁﬁ/ﬂ@ 2d~«wmw‘f"/

f’l"‘ 753. Draw the relation between (2dmax) on the y-axis and (tmax)?> on the x-axis to get a

L J\é\
z straight line passing through the origin with slope = the acceleration due to gravity.

Acceleration due to the gravity (g) = Slope = ....... m/s? 7
.8 J\»ak} [ Mcuf\a,d\:uwdb _J.aélzd"’/

4. Compare your result with the theoretical value of the acceleration due to gravity

(9.8 m/s2)




Experiment 2:
Vectors

1. Aims

1. Learn how to represent a vector in space and determine its components.

2. Determine the resultant of adding two vectors.

2. Theory

Any vector quantity can be represented as a line segment where its length
represents the magnitude of the vector, and the angle 8 represent the direction of the
vector as shown in figure 1. A vector can be resolved into two components; x —component
(ax) and y — components (a,), their magnitudes can be determined using the equations:

ax=acosb

ay=asinb

(1)
(2)

where a is the magnitude of vector @ and © is the angle the vector a makes with the
positive x — axis counterclockwise. We can use the following two methods to determine

the resultant vector ¢ for two or three vectors:

B 15 139 & 303 4 120 a 70
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70 @

120

Figure 1. Vector representation
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Analytical method
To determine the resultant vector, each added vector should be resolved into x and y
components. Then, solving for the components of the resultants vector.
Cx= A+ By 3)
C/=Ay+By (4)
where Cy is the x-component of the resultant vector, C, is the y-component of the resultant
vector. The magnitude and direction of the resultant vector can be calculated using the

following equations:

A= (o2 + (R, (5)

0r = tan™?! (i—y). (6)

X

1- Graphical method

The resultant vector is calculated using head to tail method. Starting with drawing the first
added vector. Then, draw the second added vector so that its tail is at the head of the first
one. The resultant vector is that drawn from the tail of the first to the head of the last
vector. The magnitude of the resultant vector is represented by the length of the line
segment, while the direction is the angle it makes with the positive x-axis counter clock

wise.

wl
Ql

-

(a) (b)

Figure 2a shows three vectors using PHET simulation, while figure 2b shows the method

of adding such vectors using head to tail method.




3. Procedure and Results:

Part |: Finding the components of a vector

We will use the following link of the PHET simulation:
https://phet.colorado.edu/sims/html|/vector-addition/latest/vector-addition en.html

1. Open the vector addition PHET simulation. Select Explore 2D screen. The screen can be
divided into sections as shown in figure 3.

2.Click on the P-panel and mark Values and 0.

3. Drag a vector d from vector panel (2) to graph paper (1) and move the tail of the vector
to the origin and make the angle to be zero. Choose a certain length of the vector by

moving its head to the length you like to have (figure 4 is an example).

O Sum —p
B No vector selected & Values
“‘ Panel 3: Vector magnitude/angle and components & As
T &
Components
w

Vector panel (2)
/3|
73

- ' 2 -r T * T J ’v - X / ; P'I)(]l'el
I Graph paper (1) ) {

A A

Figure 3. Simulation setup (Part |)
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O Sum —»
4 0.0 (V Values
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Components
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U ! >
l 10 20
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Figure 4. Example of vector creation

4. Write down the values of the vector’'s magnitude, angle, x-component, and y-

component from panel (3) into column 2, 3, 4, 7, respectively, in Table 1 (below).

5. Find the x-component of the vector d by using the formula a, = a cos(0) and record the

result in the column 5 of Table 1.

6. Find the y-component of the vector d by using the formula a, = a sin(0) and record the

result in the column 8 of Table 1.

7. Increase the angle of the vector by pressing on its head and move counter-clockwise,

but without changing its length. Repeat the experiment steps (4 — 6).

8. Repeat step 7 at different angles of the vector till an angle of 90°.




Table 1: Components of a Vector

No.

magnitude

angle

X-component

y-component

obs.

a

0

From
panel 3

Calculated
ax=a cos 0

Error % | From
panel 3

Calculated | Error %
a,=asin 0

Column
1

Column 2

Column
3

Column 4

Column 5

Column 6 Column 7

Column 8 Column 9

0

10

20

30

40

50

60

70

Ol NOD|LNND|WIN|F-

80

=
o

90

Part ll: Finding the resultant of adding two vectors

1. Select EQUATIONS screen of the vector addition PhET simulation as shown in figure 5.

2. Adjust the suitable lengths and orientations of vectors d and b. You can control the

component lengths of a vector using the base panel (5).

a+b=7¢

a-b=7¢

_‘}:_ Equations panel (4)/

a+ b+

=0 1

¢ 10.0
2+ |16 =32

& —>
(# Values
& A¢
@ #

Components

(o) (=)
(o) (o)

O

— R

10

Figure 5. Simulation setup (Part Il)
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+»x Base vector panel (5)
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3. Record the length, angle, and components of vectors a, b, and the resultant vector c
from panel (3), after clicking on each of them, in the respective cells in table 2 (below).

4. Calculate the x- and y-components of the vectors a and b using the formulas ax = a
cos(0), bx= b cos(B), a, = a sin(0), and b, = b sin(0) and record the results in the respective
cells of Table 2.

5. Calculate the x-component of the resultant vector ¢ by ¢y = a,+by

6. Calculate the y-component of the resultant vector ¢ by ¢, = a,+b,

7. Calculate the magnitude of the resultant vector using the formula: || =

Je+ ()"

8. Calculate the angle of the resultant vector using the formula: 6 = tan_l(cy/cx)

9. Repeat steps (2-7) at different components of vectors a and b through Panel 5. Record
the observed values in table 2. Compare between the observed and calculated values and

determine the error.

Table 2: Addition of two vectors
First trial

First vector Second vector Resultant
calculated observed | Error %
Magnitude | a=10 Magnitude | b=10 | x- Cx=0x+by= %
component
Angle 0= Angle 0= y- C=a,+b,= %
component
X- Ox= X- bx=b Magnitude R 5 %
component | cos 6= | component | cos 0= Ic] = \/ (c)? + (Cy) =
y- a,= y- b,=b | Angle 0, = tan™! (C_Y)z %
component | sin = | component | sin 6= cx

Second trial

First vector Second vector Resultant
calculated observed | Error %
Magnitude | a= Magnitude | b= X- Cx=0x+by= %
component
Angle 0= Angle 0= y- C=a,+b,= %
component
X- Ox= X- bx=b Magnitude R 5 %
component | cos 6= | component | cos 6= Ic] = \/ (c)? + (Cy) =
y- a,= y- b,=b | Angle 0, = tan™! (C_Y)z %
component | sin = | component | sin 6= x




Third trial

First vector Second vector Resultant
calculated observed Error %
Magnitude | a= Magnitude | b= X- Cx=0x+by= %
component
Angle 0= Angle 0= y- C=a,+b,= %
component
X- Ox= X- bx=b Magnitude R 5 %
component | cos 6= | component | cos 6= €l = (ex)? + (Cy) =
y- a,= y- b,=b | Angle 0, = tan! (C_Y)z %
component | sin = | component | sin 6= cx




Experiment 3:
Newton's Laws of Motion

1. Aim

Verification of Newton's laws of motion, first and second laws.

PART I: Newton's First Law of Motion

2.1. Theory

Newton's first law of motion states that an object at rest remains at rest and an
object in motion remains in motion with the same velocity unless acted upon by what
we call an unbalanced force. Let's break this law down by defining some key terms;
velocity and unbalanced force. Velocity is the speed of an object in a specified
direction. An unbalanced force is an external force that changes the motion of an
object. When an object is at rest or moving at a constant velocity, all the forces acting

on it are balanced.

3.1. Procedure # A

We will use the following link of the PHET simulation:
https://phet.colorado.edu/sims/html/forces-and-motion-basics/latest/forces-and-

motion-basics_en.html

Figure 1. The setup of the “Net Force” window of the PHET simulator




For the first part of Newton's law, open the simulator. Then, press on “Net Force”

icons and choose two equal objects and pick them up as shown in figure 1. If
two equal forces (balanced forces) acted on the object it will remain at rest (first part

of Newton law).

For the second part of Newton's law, open the PHET simulator using the above link. Then

choose the “Friction” icon

. The window shown in figure 2 will be presented.

(W Forces m=>
(& Sum of Forces
(W Values

(W Masses

(W Speed
Friction

—&— | and mark on “Sum of force”, “Values”, “Masses”,

1. Click on yellow panel

“speed “.
2. Pick up any box and places on the 50 kg box, see figure 2
3. Adjust the applied force at 90 N (you can choose any value).

4. Adjust the opposing friction force at 60 N (you can choose any value), then the

resultant force will be 30 N.
5. Start the simulation.
6. The box will start moving with a certain speed.

7. Decrease the applied force or increase the friction force until the difference

between them is zero (balanced forces).

At that point, you will notice that the box continues moving with a constant speed

(zero acceleration), which demonstrates the second part of Newton's first law.




[ Forces and Motion: Basics x 4+ = =] X
O @ File | CyUsers/khali/Desktop/forces-and-motion-basics_en.html ¥

(@ Forces m>

(™ sum of Forces

W Values

(M Masses

(@ speed
Friction

“ :
= I il 36
(200 kg — ; — io k‘g/\ | (80 k?; (1 100 kg [ T2 1

Forces and Motion: Basics ﬂ ,
Frictior

P Type here to search i ) -

Figure 2. Simulation setup for the “Friction” window.

PART lI: Newton's Second Law of Motion

2.2 Theory

Newton’s second law states that the force on an object is directly proportional to its
acceleration when the mass is constant. It also states that when force is constant,
acceleration is inversely proportional to the mass of the object. The purpose of this

simulation is to demonstrate these two relations.

3.2. Procedure # B

1. Open the PHET simulator using the above link. Then click on the “Acceleration”

icon . . The window shown in figure 3 will appear.

Setup the simulation as shown in figure 3.

Pick the 50 Kg box from below.

Set the applied force at 70 N, and move the friction to "None".
Run the simulator by clicking on ® icon.

Record the acceleration of the box.

Repeat the above steps for masses of 80, 90, 100, 130, 140, 150, 180, 200, 250 kg.

©° N o U oA W N

Record your data and tabulate them as shown in table 1 below.




= X

| [3 Forces and Motion: Basics x |+
O @ File | C:/Users/khali/Desktop/forces-and-motion-basics_en.html 5 =

(# Forces E=p>

Speed (O sum of Forces
( Values

(M Masses
(& Speed [~
(M Acceleration —=—

Friction

None Lots

Forces and Motion: Basics

R Type here to search

Figure 3. Simulation setup of the “acceleration” window.

Table 1. Measured data (Method A)

Applied force= 70 N
Mass Acceleration.
(kg) (m/s’)

50
80
90
100
130
140
150
180
200
250

20




4.1. Results for procedure # B

1. From the table, plot mass (kg) against acceleration (m/s?).

2. From the graph, find the acceleration when the mass of the object is changed to

120 kg and 220 kg.

21




3.3. Procedure # C

Arrange the simulator as shown in figure 4.
Apply forces of values from 10 N to 100 N to a box of mass of 50 Kg.
Run the simulator and record acceleration.

Record your data as shown in table 2 below.

A N

Using the data from table, plot force versus acceleration

[ Forces and Motion: Basics x == - 8 X

QO @ File | CyUsers/knali/Desktop/forces-and-motion-basics_en.html ok @

(@ Forces m=>
peed (O Sum of Forces
(W Values
(@ Masses
cceleration: 0.20 m/s” [ZSpeed
i

(W Acceleration —=—
Friction
one L

-

Forces and Motion: Basics

P Type here to search

Figure. 4. Simulation setup window for procedur # C

Table 1. Measured data

Mass =50 kg
Force Acceleration.

) (m/s?)
10

20
30
40
50
60
70
80
90
100

22




4.2. Results for procedure # C

1. From the table, plot force (N) against acceleration (m/s?).

2. From the graph, find the acceleration of the object when the applied force is

changed to 55 N and 75 N.

23




Experiment 4:

Projectile Motion

1. Aim

The purpose of this experiment is to study the main characteristics of a projectile

motion. For a given initial velocity, the projectile range and height will be measured

at various initial angles and will be also calculated by modeling the motion of an object

at constant acceleration.

2.Theory

Projectile Motion

e An object may move in both the x and y
directions simultaneously

e The form of two-dimensional motion we will
deal with is called projectile motion

Assumptions of Projectile
Motion

e The free-fall acceleration is constant over the
range of motion
o It is directed downward

¢ Itis reasonable as long as the range is small
compared to the radius of the Earth

e The effect of air friction is negligible

e With these assumptions, an object in
projectile motion will follow a parabolic path
o This path is called the trajectory

Range and Maximum Height of

a Projectile

e When analyzing projectile
motion, two
characteristics are of

special interest ve="0
e Therange, R, is the v ®
horizontal distance of the '
projectile h
e The maximum height the 0. l
projectile reaches is h 0 " ®
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Projectile Motion Diagram

Projectile Motion —
Implications

e The y-component of the velocity is zero at the
maximum height of the trajectory

e The acceleration stays the same throughout
the trajectory

Range of a Projectile, equation

¢ The range of a projectile can be expressed in
terms of the initial velocity vector:

~vsin26,
g
e This is valid only for symmetric trajectory

R




The total time of motion Height of a Projectile, equation

2v; sin(6;) . . L
t(total) = ——— e The maximum height of the projectile can be
found in terms of the initial velocity vector:
he vZsin® 6,
29
e This equation is valid only for symmetric
motion
3.Procedure

We will use the following link of the PHET simulation:

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html

1. Use the PHET simulator by clicking on the above link. Then, choose “lab” window by
clicking on its icon-. The window presented in figure 1 will show up.

. Adjust the initial velocity at 20 m/s.

. Adjust the gravity at 9.80 m/s?.

. Do not select the air resistance (without air resistance).
. Make the launching from the ground (at 0 m).

. Complete the table below at different launching angles.

N o U~ wWwN

Record your data and tabulate them as shown in table 1.

x |+

O O File | CyUsers/khali/Desktop/projectile-motion_en.html

Projectile Motion

P Type here to searct

Figure 1. Simulation setup of the “lab” window
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Table 1. Measured data

vi=20 m/s

Inputs Measured values Calculated values

0 (deg.) R (m) h (m) t (total) (sec) R (m) h (m) t (total) (sec)

0

25

35

40

45

55

65

70

75

85

90

4. Results

1. Calculate the range R (m), height (h) and the total time t(total) using the equation
appended in section 2..
2. From the table, plot the input angle (6; (deg.) versus range R (m).

3. From the graph determine the angle at which the range (R) is maximum.
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Experiment 5:
Hooke’s Law
1. Aims:

1- Verification of Hook's law.

2- Determination of the spring constant.

2. Theory:

When a force F is applied to an elastic material, it either stretches or compresses

in response to the applied force.

- In mechanics, the force applied per unit area is known as stress (i.e., stress=F/A),
and the ratio between the material compresses or stretches extent AL to its initial

length L, is known as strain (i.e., strain= AL/ L,).

- Hooke's law states that within the elastic limit, the strain of a material is
proportional to the stress that produces it, so that Stress/Strain=C where C is a

constant known as modulus of elasticity whose unit is N.m™~.

- Mathematically, Hooke’s law is commonly expressed as:
F o AL, then

F =- K.AL
where

e Fisthe force applied on the spring (Restoring force).

e ALis the extension length.

e Kisthe constant of proportionality which is known as spring constant in
N/m. So, K could be defined as the applied force needed to produce a unit extension of
the spring.

e The negative sign means that the force exerted by the spring opposes the

spring's displacement.
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If the applied force F is the weight of a mass m hanged on the spring (see
Figure 1), we will get

F=mg=-K.AL
Therefore, in order to verify Hooke's Law, we must verify that the applied force F

(or mg) on a spring is proportional to the distance to which the spring is stretched

where the constant of proportionality is K (see Figure 2).

F(N)

Slope=K (N/m)

woasasAudy ‘5002 ©

> AL (m)

Figure 1 Figure 2

3. Procedure

We will use the following link of the PHET simulation:
https://phet.colorado.ed u/sims/html/masses-and-springs-basics/latest/masses-and-springs-
basics_en.html

1. Use the PHET simulator by clicking on the above link. Then, choose “Stretch”

icon by clicking on . Then a new window will appear.

2. Set the two springs at two different spring constants (K; and K;) as shown by the
red arrows in the below picture. Then, Click on the “Unstitched Length” button

| Spring Strength 2 (@ Unstretched Length
Small Large (O Resting Position

n ’ O Movable Line

Spring Strength 1
Small Large|

o 0e 0z 0L

09 0§

Two springs of different
spring contstants -

02
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3. Drag the unstarched Length dash line (blue line) to the end of the mass-load-

free springs to measure their original lengths as shown in the picture below.

Spring Strength 1 4] L1 2 J Spring Strength 2
Small Large Small Large

n‘ I} P ‘llv.

4. Hang one of the masses to the spring and measure the final position of the

spring’s edge (which is equal to the change in the spring’s length AL).

(@ Unstretched Length -
(O Resting Position -
(& Movable Line =

Spring Strength 1
Small

Spring Strength 2
Small Large

We use the movable line, therefore the
extension will equal the distance between
the blue and the red line on the ruler

The extension in our case is about 6.5 cm

5. Repeat the above steps with different masses.

6. Plot a graph using your readings, the applied force (mg) vs. the increase in the
spring length AL.

7. You should convert the unit of the mass from gram (g) to kilogram (Kg) and the

unit of the length from cm to m. So that K will take the units of N/m.
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4. Results

1. You may record your results in the following table:

" " .
Weight xtension xtension Sprlng constant
Mass
(@ Mass (kg)
& F=mg AL (cm) AL (m) K=F/AL (N/m)
50
100
250

2. Draw the relation between F on the Y-axis and AL on the X-axis, we get a straight

line passing through the origin where its slope is equal to K, as shown in Figure

2.

3. Repeat the above steps to determine the spring constant K, of the right spring.

4. Determine the green unknown mass by hanging it to the spring and measure the

corresponding extension.

F(N)
A

The unknown
mass in Kg = F/g

The measured
extension inm

Slope=K, (N/m)
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Experiment é:
The simple pendulum

1. Aims:

1. Study the simple harmonic motion of a simple pendulum.

2. Measure the acceleration due to gravity (g) on different planets.

2.Theory:

The simple pendulum consists of a small sphere (bob) suspended by a string whose
mass is negligible in comparison with that of the sphere. The string length is very
much larger than the radius of the sphere. Under these conditions, the sphere has a

transitional motion along a circular arc (see Fig. 1).

the mass bob, m

e
The string of length ——
w=mg ? \ angular displacement

Fig. 1. Diagram Analysis of the Simple Pendulum.

For a small angle (0) between the string and the vertical direction, the period of

oscillation (T) is given by:
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where (L) is the length of the pendulum measured from the top of the string (at the fixed

point) to the center of the bob.

The time period (T) of a simple pendulum does not depend on the mass or the initial
angular displacement, but depends only on the length (L) of the string and the value of

the gravitational field strength (g).

3. Procedure

We will use the following link of the PHET simulation

https://phet.colorado.edu/sims/html/pendulum-lab/latest/pendulum-lab en.html

1. Open the Pendulum Lab PhET simulator by clicking on the above link. Select LAB.

O Velocity = E 1 f Length 1 070 m
Acceleration => > 0.
0O i 2 « ._l‘ l_: >
Energy Graph E
[ Mass 1 1.00 kg
= 01 15
o g g—®
. Gravity 9.81 m/s
i 0 25
o dpg—®
8= Friction
|_I None Lots
= - N Period
25 100:00.00 . 00000s )
H : L
1 2 : Y
(W Ruler
(& Stopwatch A @ Normal
(@ Period Timer ‘ 0(‘! i‘ \") ]y QO Slow \_)
Pendulum Lab A

Fig. 2: Panel of PhET for simple pendulum.

2. Click on lab screen and use the length controller to control the length of the
pendulum (L), set L=1 m.

3. Set mass = 0.5 kg, gravity = Earth, Friction = None, Stopwatch = ON, and Speed =
Normal.

4. Drag the pendulum bob to an angular displacement (amplitude) of a small angle

(<10 degrees). Let the mass to swing and the bob oscillates periodically.
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5. Start the stopwatch and count the time of 10 oscillations of the bob. Then, record

the periodic time (T) in the given table 1 below.

6. Repeat the previous steps for different lengths of (L) for the same mass of the bob

assuming the same angle.

7. Record the length also in the table 1.

8. Repeat steps 4 to 8 for moon instead of earth, but it is enough to click on period

timer (on the lower left corner of the lab screen) to measure the periodic time of

one full oscillation (T).

9. Plot a graph of T? versus L.

Table 1. Experimental data

Planet

Earth Moon

L (m)

T for 10 oscillations | T(s) | T*(s?) | T(s) T? (s?)

()

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

4. Results

1. Calculate the experimental value of g on earth and moon from the slope of the

graphs using the following equation: g =

the slope)

41T

2
. (refer to Experiment 1 to calculate
slope

2. Compare your calculated g value to the theoretical values of g for earth and moon

that are known to be 9.8 m/s? and 1.62 m/s?, respectively.

3. Determine the acceleration of the bob due to gravity on “Planet x
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Experiment 7:
Determination of the acceleration due to gravity using a spring

1. Aims:

1- Demonstration of the simple harmonic motion of a mass hanged on a spring.

2- Determination of the acceleration due to gravity using a loaded spring.

2. Theory:

The simple harmonic motion is a special type of periodic motion where the restoring

force on the moving object is directly proportional to the object's displacement

magnitude and acts towards the object's equilibrium position. See Fig. 1.

. : /k
y=Asinwt= Asin_ |—t
m

Figure 1. A representation of the simple harmonic motion of a spring.

The period of the oscillation T of a mass m at the end of the spiral spring depends on the

mass m attached to the spring and the spring’s constant K. The periodic time can be given

T—ZT[\/ﬁ — T2 =4q2 (D
B K - K’

According to Hook's law, if the applied force F is the weight of the mass m hanged on the

spring (see Figure 1), we will have

37




|F| =mg = KAL, (2)

and then,
mg
K=—, 3
AL 3)
By substituting Eq. (3) into (2), we get
Ar?
T2 = —AL, (4)
9

Therefore, by plotting the relation between T2 on the Y-axis and the extension AL on the
X-axis, we obtain a straight line passing through the origin where its slope = 472 /g . From
the slope, one can determine the acceleration due to gravity where g = 412 /slope, see
Fig. 2.

T? (sec?)

A

an?

4n?
slope= —and g =
g slope

= AL (m)

Figure 2.
e Note that we can use Eq. (4) to determine the spring constant by plotting the relation
between T2 on the Y- axis and the loaded mass m on the X-axis, so we get a straight

line whose slope = = 42 /K, as shown in Fig. 3.

T2 (sec?)

A

ar?

4m®
slope= —and K =
K slope

m (Kg)

Figure 3.
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3. Procedures

We will use the following link of the PHET simulation:
https://phet.colorado.edu/sims/html/masses-and-springs-basics/latest/masses-and-
springs-basics en.html

1. Use the PHET simulator by clicking on the above link. Then, choose “Lab” icon by

clicking on - Then a new window will appear.
2. First, determine the original length of the spring L,. Here, let us consider the

unstretched length line (blue line) as a reference line (or benchmark line) at the edge

of the spring.
Mass [ 2309 ‘(' ) ‘ Spring Strength 1 (& Unstretched Length ===
)50 300 — Small Large (O Resting Position -
< ) > — ‘ ‘
& g.—, ‘__n—' (O Movable Line ---
C—
g"’” (O Period Trace
—— i
e O velocity =>
g = (O Acceleration =
—
To change mass = @y ]
——_
Ruler and Timer < i ’

3. Attach the smallest mass (100 g) to the spiral spring. Then, measure the corresponding
extension AL using the “resulting position” line (green) and the ruler. As well as the
movable line (red) can be used in this measurement.

Note that:

e we may use a small spring strength to increase the observed extension.

e to measure the extension precisely, we may use the slow button to be able to stop
the oscillation at a proper time. After recording the extension length, we can change
the mode to be normal again.

4. Use a stopwatch, to record the time for 20 oscillations then divide the measured

time by 20 to obtain the periodic time T for one complete period.
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5. Repeat the above steps for different values of mass, with an increase of 50 g, to
obtain the corresponding extension.

6. Convert the unit of the length from cm to m.

ass

M 1009
@ 5]
From here we can change the'mass then
measure the corresponding extension

gring Strength 1 (& Unstretched Length -—
La

@ 1o

|

|

[
I

|

|

|

Ruler and Timer =7 L]

|

VYV g

o056 08 0L 09 05 L0y 06 02 OF
m
|

|

4. Results

1. You may record your results in the following table:

Extension Extension
2

Mass T | T | s(m/s)=2 AL

(&) AL (cm) AL (m)

100

150

200

250

300

2. Plot the relation between T2 on the Y-axis and AL on the X-axis, we get a straight

2
line passing through the origin where its slope equal slope = % as in the

following graph.

2

3. Calculate the acceleration due to gravity using the relation: g = prpe




T? (sec?)
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Experiment 8:
Conservation of Mechanical Energy

1.Aims:

1- Verify the conservation law of mechanical energy.

2- Calculate the object velocity using the conservation law of mechanical energy.

2.Theory:

Conservation of Energy
Energy cannot be created or destroyed, but is merely changed from one form into
another.

The total mechanical energy of an object (Ey) = Kinetic energy (Ex) + Potential energy

(Ep).

The kinetic energy is given by (Ej, = %mvz), where m is the mass of an object and v its

velocity.

The gravitational potential energy is given by (Ep= mgh), where m the mass of an object,

h is the height above the surface of earth and g is the acceleration due to gravity.

The conservation Law of mechanical energy
The total amount of mechanical energy, in a closed system in the absence of dissipative
forces (e.g. friction, air resistance), remains constant.

Ey = Ey + E, = constant

For different heights an object from the surface of earth (hy, h, and hs), we can then write:
1 2 1, 1 .,
Ey =mgh, + Emvl =mgh, + Emvz =mgh; + Emv3

1
i.e., mgh;+ Emvlg = constant
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When an object lunched vertically by an angle 8=90° and when neglecting the air
resistance, so the gravitational force will be the only force acting on that object. Its

motion could be described by the following equation:
v, = Vg, — gt,
where v, is the launching (initial) velocity and v,, is the velocity at any time t

3. Procedures

1. We will use the following link of the PHET simulation:
https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-
motion en.html

1. Use the PHET simulator by clicking on the above link. Then, choose “lab” window

by clicking on its icon.. The window presented in figure 1 will show up.

2. Adjust the cannon J;ato be in the vertical position (8;= 90°) and untick the air
resistance icon. Here, the motion of the projectile is the same as a free-falling
object.

3. Choose the initial velocity to be vy, = 30 m/s and the object mass (m) to be 1 kg.

4. Launch an object by pressing this button

5. Position #1 (at the maximum height of the motion);

- Measure the maximum height (hmax) and time (tmax) using this icon ®E, by
placing the cross mark on the object at its maximum height. Here, the final velocity
= 0. Calculate the total energy (Em1) = Kinetic energy (Ex1=0) + Potential energy (Ep1=
mgh1) where hi= hmax

6. Position # 2 at t, = 1 s, repeat steps 4 and 5 to calculate the total energy (Emz) =

Kinetic energy (Ey, = imvzz) + Potential energy (Ep,= mgh;) where the object

velocity can be calculated from v, = v, = v, + a,t wherea, =-g=-9.8 m/s2.
7. Compare the values of the total energy obtained at positions # 1 & 2 and check the

conservation law of energy.
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8. Position #3 at t3 = 0.5,
Measure the height of the object h; and calculate the velocity v; at t = 0.5 using
the conservation law of mechanical energy by comparing the total energy at

positions #1 and 3 according the following equation

mgh, + %mvf = mgh; + %mvg, where v; = 0

Initial Values
Height: 0 m
Angle: 90°
Speed: 30 m/s

( Cannonball [ V]

Mass 1.00 kg

(O AirResistance «*\
Altitude Om

— &
¢ m Drag Coefficient: 0.47

0m A
L —
Initial Speed 30 m/s
 ——f) &

Figure 1. Simulation setup and its initial setting parameters

4. Results

Part I: verifying the law of conservation of energy
m=1kg, vy, =30m/s, g=9.8m/s?

Position #1

h]_: hmax =....m, tl = tmax S S,
Potential energy Ep1 = mg hmax = ....X.....X...... =...... )} and the kinetic energy = E},; =
1

—vaz{=05incev1=0.

The total energy Emi = Ep1+Epq = ...... +oe =)
Position# 2
h,=....m, ta=1s, v, =vy —gt=....m/s




Potential energy Ey; = mgh, = ...X....X...... =...... ) and Kinetic energy = E},, = % muvi =

— 2_
> X X (een e )= J
The total energy Emz = Epa + Ego= ... =)

Part Il: Calculation of the velocity of object using the conservation law of energy

Position #3

h3=....m, t3=0.5 S,
Potential energy Ey3 = mghs=...Xx...X..... =.....) and Kinetic energy = E;, = 12 muvi =
Lx X (e )= J
2
The total energy Emz = Epz+ Ep3 = ...... + ... =...J

Velocity calculation:

Using
2 1 2
mvi + mgh, = 5 M3 + mgh;
h1= hmax, v,=0 m/s
hs=...., V3=.... M
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