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EQUIPMENT NEEDED: Force Table, 3 pulleys and pulley clamps, 3 mass hangers, mass set, string, metric
ruler, protractor, 2 sheets of paper.

1- PROPOSE

The purpose of this experiment is to use the force table to experimentally determine the force which balances
two other forces. This result is checked by adding the two forces by using their components.

2- THEORY

This experiment finds the resultant of adding two vectors by two methods: experimentally and by components.
(Some general details on adding vectors, specifically forces, will be given by the lab assistant).

Note that in all cases, the force caused by the mass hanging over the pulley is found by multiplying the mass
by the acceleration due to gravity.

A- Experimental Method
Two forces are applied on the force table by hanging masses over pulleys positioned at certain angles. Then
the angle and mass hung over a third pulley are adjusted until it balances the other two forces. This third force
is called the equilibrant (Fy) since it is the force which establishes equilibrium. The equilibrant is not the same
as the resultant (Fy). The resultant is the addition of the two forces. While the equilibrant is equal in magnitude
to the resultant, it is in the opposite direction because it balances the resultant (see Figure 1). So, the
equilibrant is the negative of the resultant:

E"’.’

Figure 1: Equilibrant balances the resultant.



Figure 2: Components

B- Component Method
Two forces are added together by adding the x- and y-components of the forces. First the two forces are
broken into their x- and y-components using trigonometry: F4, = A, + A,jand Fg = B0 + B, j where A, is
the x-component of vector F 4 and { is the unit vector in the x-direction (see Figure 2). To determine the sum of
F 4 and Fg, the components are added to get the components of the resultant Fg:

Fp = (Ay +By)i+ (4, + B,)j = Rl + Ryj.
To complete the analysis, the resultant force must be in the form of a magnitude and a direction (angle). So,

the components of the resultant (R, and R,, ) must be combined using the Pythagorean Theorem since the
components are at right angles to each other:

Fp = /R,% +R;

The angle is found with the help of trigonometry:

R R
tand =2 = 0 =tan (2
Ry Ry
3- SETUP
Force Table Clamp Ring
with Pulley

Center
Post

Figure 3: Force table

1) Assemble the force table as shown in the Figure 3. Use three pulleys (two for the forces that will be added
and one for the force that balances the sum of the two forces).

2) Screw the center post up so that it will hold the ring in place when the masses are suspended from the two
pulleys.



3) Hang the following masses on two of the pulleys and clamp the pulleys at the given angles: Force A =50 g at
0° Force B=100 g at 120°. You may use the coordinate system shown in Figure 4. (Throughout the experiment
take the magnitude of the gravitational accelerationas g = 9. 8m/s?)

Figure 4: Coordinate system on the force table.

4- ANALYSIS

A) Application of Component Method

Since Force A =50g at 0° Force B = 100g at 120° (g = 9.8 m/s?), to determine theoretically what mass
should be suspended from the third pulley and at what angle, first calculate the magnitude and
direction of the equilibrant (F) by using the “component method”. To this end, you should record
the vector components of Force A (F4)and Force B (Fg) to the Table 1 and compute the magnitude
and direction of the equilibrant. (Recall that the equilibrant is exactly opposite in direction to the

resultant).
Fp=—————-— +—-——===- J(N) FR=\/R,%TR}2,=?
Fy=—=—--- it - j vy
Fp=————-- I+—===== JWN) | Fg =?
Fp=——=--- i+-—- - HONES 5 =

Table 1: The components of the force vectors.

B) Application of Experimental Method

e By trial and error, find the angle for the third pulley and the mass which must be suspended from it
that will balance the forces exerted on the strings by the other two masses. The third force is called
the equilibrant (F ) since it is the force which establishes equilibrium. Recall that the equilibrant is the
negative of the resultant:

_FE:FRzFA-l_FB'



Ring Method of Finding Equilibrium: The ring should be centered over the post when the system is in
equilibrium. Screw the center post down so that it is flush with the top surface of the force table and no
longer able to hold the ring in position. Pull the ring slightly to one side and let it go. Check to see that
the ring returns to the center. If not, adjust the mass and/or angle of the pulley until the ring always
returns to the center when pulled slightly to one side.

e Record the mass and angle required for the third pulley (i.e., the equilibrant) to put the system into
equilibrium in Table 2. Show all your computations and the forces (F 4, F, Fr) on the protractor.

Mass=m = Fg

Fp=—————— - JIN) | O =

Table 2: Equilibrant obtained from the experiment.

Compare the results obtained in Table 1 and Table 2:

Method Equilibrant (F)
Magnitude Direction (0)
Experimental:
Fp=—————- ft—————— jany |5 Op =
Component:
Fp=-——-—-- i+ jay | FET O =

Table 3: Comparison of the two methods

Comparing an experimental value to a theoretical value

Percent error is used when comparing an experimental result E with a theoretical value T that is
accepted as the "correct" value.

T —E|

A = percent (relative) error = lT X 100%

Fractional or relative uncertainty is used to quantitatively express the precision of a measurement.

A
percent (relative) uncertainty = E

Measurement = (measured value + uncertainty) unit of measurement

1) Determine the percent errors between the experimental value and the theoretical value of the
magnitudes and angles. What are the possible two reasons of those errors?

2) Find the precisions of measurements made for the magnitudes and angles.
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The protractor on this page is a version of the degree scale on the top surface of the Force Table. It can be dupli-
cated, trimmed, and used as an overlay on the Force Table for drawing and tracing the string positions.
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Experiment 2: Projectile Motion
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Figure 1: Experimental set-up

Principle

A ball is fired by a spring at different velocities and at different angles to the horizontal. The
relationships between the range, the height of projection, the angle of inclination, and the firing
velocity are determined.

Equipment

Recording paper; Ballistic Unit; Speed measuring attachment; Two-tier platform support; Balls;
Meter scale; Barrel base expert

Tasks

1. To determine the range as a function of the angle of inclination.
2. To determine the mathematical nature of the projectile motion.

3. To determine the gravitational acceleration g, using the data collected from the experiment.


https://www.phywe.com/en/recording-paper-1-roll-25-m.html
https://www.phywe.com/en/ballistic-unit.html
https://www.phywe.com/en/speed-measuring-attachment.html
https://www.phywe.com/en/two-tier-platform-support.html
https://www.phywe.com/en/steel-ball-d-19-mm.html
https://www.phywe.com/en/meter-scale-l-1000-mm.html
https://www.phywe.com/en/barrel-base-expert.html

Theory and evaluation
If a body of mass m moves in a constant gravitational field (gravitational force), the motion lies in
a plane (see Fig. 2).

g e - "

Figure 2: Movement of a mass point under the effect of gravity

2
If the coordinate system is laid in this plane (Fig. 2) and the equation of motion m%r(t) =mg
wherer = xI + yjand g = —gj is solved with the initial conditions

r(0) = 0 + 0,
Vo = vycosPpi + vysin ¢pj

to obtain the coordinates as functions of time given by

x(t) = (vocoso)t,
1
y(€) = (wosing)t — = gt*.

From these results, one finds the maximum height h and the maximum range s of the projectile
as a function of the angle of projection ¢ given by

v

h = ﬁsinz(p,
vg

s = —sin (2¢)

! . - o
-
s // ,
| L

(o] 20

Figure 3: Maximum range s as a function of the angle of inclination @ for different initial velocity vy.

Data in Fig. 3: Curve 1: vy = 5.3 m/s, Curve 2: vy = 4.1 m/s, Curve 3: vy = 3.1m/s
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Figure 4: Maximum height of projection h as a function of the angle ¢ of inclination for the initial
velocities as in Fig. 1.

|

The maximum range is reached at an inclination angle of 45° for every initial velocity. Fig. 5 shows
the range for an angle of 45° plotted against different initial velocities vg. By choosing a logarithmic
scale, a regression line can be applied to the measured data and used to determine the maximum
range for arbitrary initial velocities.

0y T Note
' : /L To ensure an accurate determination of the
— ' / initial velocity, the time taken for the ball to
[ - B cover the measuring distance must be

. considered. Depending on the angle of
inclination, the ball already leaves the light

8=
|

& barrier with a reduced velocity. If v,y is the
/ ‘ experimentally determined initial velocity we
' ' '/ obtain as actual initial velocity:

Vo = /Véxp + g d sing

! : : where d is the distance between the striker
- / ' and the center between the light barriers.
/ [
/ Caution:

1) Do not load the launcher while your head
: or body is in the line of fire.

— . B 1 2) Do not allow anyone to get hit by the ball.
3) Do not perform any launch unless every

/ - member in your group is aware and ready.

4) Do not load the launcher for the angled
launch unless your instructor is present.

5) You must put the ball in its place, first, and
then load the launcher.

6) Do not put your finger inside the launcher.

0,1

1 10
L_p

-1
ms
Figure 5: Maximum range as a function of the initial

velocity v, with a fixed angle of inclination @ = 45°.



Procedure (Experimental Method)

Maximum range: Use the ready setup and load the launcher for the minimum initial speed while the initial
angle is variable. For each individual angle (in the Table 1) you launch the wooden ball and record its range
in the Table 1.

Table 1: Range of the ball versus the initial angle with constant initial velocity vy.

0] 30° 35° 40° 45° 50° 55° 60°

s (m)

Vo

vésin (2 ¢)

Using the Table 1, sketch the graph of the range s with respect to the initial angle of the projectile motion
¢ in the following graph area.

60
59

20 25 30 35 40 45 50 55 60 65 70
(O(degree)

Figure 6: A graph of s versus ¢.




Measurement of gravitational acceleration

a) Using Table 1, plot the least square line s(m) versus v3sin (2 ¢) (m?/s?) in the following graph
area.




b) Based on the least square line which you have already plotted, and the equation of the range
2
of the projectile motion i.e., s = %"sin (2¢) , find the experimental value of the gravitational

constant g. This can be done simply by equating the slope of the least square line of the graph and
the slope of the equation s with respect to v3sin (2 ¢) which is nothing but m = é. Note that to

get reasonable answer from your analysis, you must use the units of the quantities involved in
your calculation correctly.

c) If the theoretical value of the gravitational acceleration is g = 9.81 m/s? find the
percentage error.

Questions:

1) In the first graph what is the nature of the graph s versus ¢?

2) What are the possible sources of errors in this experiment? (Show at least two reasons)

3) If one launches the ball vertically i.e., ¢ = 90° what will be the maximum height? (Express
your answer in terms of v, and g)

4) If one launches the ball horizontally i.e., ¢ = 0° what will be the range? (Express your
answer in terms of v, , g and height)



Experiment 3: Newton’s Second Law
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Figure 1: Experimental set-up s ci e ntifiric
Xplorer GLX ports

Theory

Newton's second law is given by | Tl pEEPar dipors
Fnet = ZF) == ma)

where F,.; is the total force an object, m is the

mass, and d stands for the acceleration.

@ Temperature — 2 ports

@ Voltage — 1 port

The way to test this theory is to apply a force to an object and measure its acceleration. In this
experiment, you will learn how to measure the acceleration by using the sonic ranger, getting data
(with Xplorer), and draw its associated graph with Excel. To do this, you will use a setup such as the
one below.

M2

Analyzing this motion may seem difficult, but it is not. By using the Free Body Diagram technique, one
can get the following equations (all the frictional forces are ignored during the computations):
T - Mzg = _Mza
T = Mla



By subtracting the above two equations from each other, we obtain
M,g = (M; + M;)a (1)

In this experiment, you will vary the force, keep the total mass of the system constant, and measure
the corresponding acceleration. M, will be the sum of the mass of hanger and the various masses
hanging on it. The mass reduced from M, should be placed on M;. Thus, the total mass (M; + M) will
always be remained constant.

Procedure

e Start with 0.045 kg for M,. This will consist of the hanger (which is 5g = 0.005 kg), two 10g and
one 20g masses: [M, = (5 + 20 + 10 + 10) x 1073kg = 0.045kg]

e To find the acceleration, you will take the data while the cart is moving towards and away from the
sonic ranger. For this aim, you will use the Xplorer GLX device. Thus, you will obtain the following
data tables of “distance versus time and time square”. While doing this, you will reduce the mass on
the hanger (i.e., M, ) and keep the total mass constant (M; + M, = 800g = constant).



Fill the following data tables:
Table-1: When M, = 45g and M; = 755g
d(m)
t(s)
t2(s?)

Table-2: When M, = 35g and M; = 765g
d(m)
t(s)

t%(s?)

Table-3: When M, = 25g and M; = 775g
d(m)
t(s)

t2(s?)

Table-4: When M, = 15g and M; = 785g
d(m)
t(s)

t2(s?)

and draw the graph by Excel.
e For each data table, draw the graph of d (m) versus t2(s?) by using Excel program.
« Find the slope of the least square line of each d(m) versus t%(s?) graph and calculate

the associated accelerations. (Hint: Recall that d = %atz).
e Copy the obtained accelerations to the following table:
Table-5:
M, (kg) 0.045 0.035 0.025 0.015
a(m/s?)

Finding Gravitational Acceleration
e By using Excel plot the least square line of a(m/s?) versus M, (kg) graph.

« Find the slope of the least square line of a(m/s?) versus M, (kg) graph.

e Use Eq. (1) to find the experimental value of the magnitude of gravitational acceleration g:

e If the theoretical value of g, = 9.81(?2), find the percentage error and the precisions of

measurements made for the magnitude of the gravitational acceleration.

T —E|

A
Recall that "A = percent (relative)error = lT X 100 & Percent (relative) uncertainty = E



Questions

1. What physical property does the slope of a Force v Acceleration graph represent?

2. Inthe absence of an external force, a moving object will
a) move with constant velocity.
b) stop immediately.
c) slow down and eventually come to a stop.
d) go faster and faster.

3. You are standing in a moving bus, facing forward, and you suddenly fall forward as the bus comes
to an immediate stop. What force caused you to fall forward?
a) Gravity.
b) Normal force due to your contact with the floor of the bus.
c) Force due to friction between you and the floor of the bus.
d) There is not a force leading to your fall.

4. A 20N weight and a 5N weight are dropped simultaneously from the same height. Ignore air
resistance. Compare their accelerations.
a) The 20 N weight accelerates faster because it is heavier.
b) The 20 N weight accelerates faster because it has more inertia.
c) The 5.0 N weight accelerates faster because it has a smaller mass.
d) They both accelerate at the same rate because they have the same weight to mass ratio.

5. Who has a greater weight to mass ratio, a person weighing 400 N or a person weighing 600 N?
a) the person weighing 400 N
b) the person weighing 600 N
c) Neither; their ratios are the same.
d) The question can't be answered; not enough information is given.



Experiment 4: Conservation of Energy
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Equipment: Roller Coaster Complete System; Photogate Heads; Smart Timer

Introduction

A car is started from rest on a variety of shapes of tracks and the speeds of the car at various points
along the track are measured using a photogate connected to a Smart Timer. The potential energy
is calculated from the measured height and the kinetic energy is calculated from the speed. The
total energy is calculated for two points on the track and compared.

The height from which the car must be released from rest to just make it over the loop can be
predicted from conservation of energy and the centripetal acceleration. Then the prediction can
be tested on the real roller coaster. Also, if the car is released from the top of the hill so it easily
makes it over the top of the loop, the speed of the car can be measured at the top of the loop and
the centripetal acceleration as well as the apparent weight (normal force) on the car can be
calculated.

Theory

The total energy ( ) of the car is equal to its kinetic energy (K %mvz) and its potential energy

( = ), where is the mass of the car and is the speed of the car.  is the acceleration due
to gravity and is the height of the car above the position, where the potential energy is defined
to be zero. If the friction is ignored, the total energy of the car does not change. The Law of
Conservation of Energy is stated as

= Y K U K U

initial initial final final



A-Step Procedure

Figure 1: Step Configuration

1. Follow the Path-1 seen in Figure 1. 5. Calculate the final total energy of the
car.
2. Place the car (without extra mass
attached on it) to the starting point at =
the leftmost of the track and measure
the height ( ) of the car from the
surface of the table. Note that the
center of mass of the car is 6. How much energy is lost? Where
approximately at the slot where the does it go?
flag is inserted.
&DUTV WDUH PDVWV LV =

3. Place the car at the top and release it
from rest. Use the photogate and
Smart Timer (set on the Speed: One 7. Calculate the percent of total energy
Gate Mode) to measure the speed of lost.

the cart at the bottom of the step.
L %Lost %= 100
4. Calculate the initial total energy of E
the car.
= 8. Attach the 50g mass to the car and
repeat steps 2 through 8 above.

= % =

Questions
1. How does increasing the mass of the car change the total energy?

2. How does increasing the mass of the car change the speed of the car at the bottom?
3. Does the car lose a greater percentage of its energy when it has the extra mass or not?

2



B-Loop Procedure

Figure 2: Loop Configuration

1. Follow the Path-2 seen in Figure 2.

2. Place the car (with_attached extra
mass 50q) to the starting point at the
leftmost of the track. Recall that you
have already measured the height ( )
of the car from the surface of the table

5. How much energy is lost? Where does it
go?

inA2part.( = . ) 6. Calculate the percent of total energy
= lost.
3. Calculate the initial total energy of the %Lost %Zest 100
car. i

7. By using the speed of the car at the top
of the loop and the centripetal acceleration
formula, compute the magnitude of the

4. Calculate the final total energy of the car. apparent weight (normal force) on the car.

Question

1. Comparing the result of section B with the result obtained in section-A, for the car with 50g

extra mass, which car does have the greater speed at the right end of the track since they have

almost same height difference? How does energy conservation explain your answer?



C- Critical Height

Figure 3 Figure 4

1. Follow the Path seen in Figure 3.

2. Measure from the center of the loop to the center of mass of the car (without extra mass) at the
top of the loop (see Figure 4), and obtain =7?

3. Measure the distance from the center of mass of the car at the top of the loop to the table ( , =?).

5 =

4. Using Conservation of Energy, compute the critical height ( ; =7?) from which the car can be
released on the left end of the track, so that the car will just lose its contact with the surface at the

top of the loop. At that moment, the critical speedis = =+v .
1
( 15 2+ 2)

5. Place the center of mass of the car at the 4 position and release it from rest.

Question

Does the car make the loop over? Explain why or why not?



Experiment 5: Conservation of Linear Momentum and Kinetic Enemgy
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In a collision process on an air track to check that linear momentum and total kinetic energy are

conserved.
APPARATUS

Air track, gliders with flags, electronic timers mounted to pbates.

Figure 51

THEORY

On an air track, in principle, the friction is reduced to zero. Foréhisonit becomes very suitable
to make collision experiments on an air track. For ploigposewe use two gliders with variable

masses on the air track and two plgaites to recorcelectronically the time intervals. E: ler

51
has a flag on it with a length dfiL sr ? I. (seeFig. (5.1)). Prior to the collision welenote the
speeds of objectdhe gliders) by REwith mass/ (Eand Re(with mass/ 9. After the collision
these kcome RE&Nnd Re," respectively.Accordingly, the conservation principle of linear

momentum is expressed by



| sBRE/ R LF/sBE/ R

Since the air track is a ortBmensional object the process takes place indimension only, say
the TFaxis. Depending on the directions wélocities,the velocities can at most b&in sign.
Similarly, the conservation principle for the total kinetinergy in an Elastic Collision can be

expressed by
2/ ®REE/ *R-L-/ ® @~/ *R «~ 52

Let us remind that each kinetic energy term is automatically positive. In order to make sure that
no potential energy due to gravity is involved tharaick must be perfectly horizontal. This must

be checked in the beginning before the experiment is staktedt we aim in this experiment
essentially is to check the validity B. (5.1) andEq. (5.2).

The most important part of the experiment is to findsiheed correctly. For thipurposewe use
photaates that electronically record time passage for egicler. If the time is recorded byR&nd
the length of the flag on the glider igthen from the relation

3
R - 53
L ¢’

we can find the speeB@&nd similarlythe other speeds. In order to make the experiment simpler,
so that we can conduct better measurements we assume throughout the experinfigrit that
that is one of the objec{d ¢) is at rest initially. This casts our equations of linear momentum and

kinetic energy conservations into the forms
I sRLF/IsRE/R 54
5 5 v = 5 :
—6/ CEGEI:—GI ® CHE-é/ R'e~ 55

so that we have to find only threpeed insteal of four.

EXPERIMENTAL PROCEDURE

First you have to check that the air track is perfectly horizontal with zero inchnatigle. Then

putthe masseprovided in the table belown each glidr. Make the arrangement as ilgH5.1).



One of thagyliders (/ 9 at rest is between the two phgates while the other one/( (Hies outside
the photgates. Before we move @with initial speed RCEve turn on the pump of the air tragtk

maximum levelso that friction becomes zero.

As | (passes through one of the plgdtes its time will be recorded. Fill the following table
knowing that theare masgsof the gliders are same and equalltg gy x k& s rG CThe two
gliders will collide and thy will pass through different phajates. In this way their times
( RERE='J @)'will be recaded andspeed will be found from Hj. (5.3).

RAW DATA
REQ| REQ| P*Q Rdlir F!'CEEr R R LEr | &G G|/ «:GC
RE P & Ps
1 r rdasr ralsr
2 r rdsr ro s
3 r raur raisr
4 r raur ro s

DATA ANALYSIS

We shall be knowing nowRERE* J @ to be substituted into Eq$.4) and 6.5). If Eq. 6.4)
is satisfied this will meathat in the process of collision linear momentum is conse&ietlarly,
Eq. 6.5) will tell us that the total kinetic energy is conserved in the process.

In such an experiment we must admit that a few percent error between tlamdefighthand
sidesof Eqgs. 6.4) and b.5) are tolerable. The students must be able to explain about the possible
numerical differences in those equations. For example, is the collision exactly elastic? Is there

some energy loss taking place in the collision process? How?
CAUTION

If the difference between the letind righthand sides of Exj(5.4) and (55) are big that means

the data taken is not recorded correctly. So, please repeat the experiment and reduce your errors as



much as possible. For example/if(Bomes ta stop after collision you should increase its initial

speed so that it will gain enough speed to pass througihtitegateafter the collision
QUESTIONS
1) What are the differences betwedastic,inelastic andompletelyinelasticcollisions?

2) Can you give an example for each different case?





