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Abstract

- The effect of using computer in practical physics Iab on the
achievement of university first year students and their attitudes
toward physics.

Prepared by: Ziad Mohammad Qabajah.

Supervised by: Dr. Ghassan Abed Al-Aziz Sirhan

The purpose of this study was to investigate the effect of teaching practical
pflysics lab by computer on the achievement of university first year students,
compared with the traditional way of teaching, in addition to identify the changes in
student's attitudes toward physics.

The sample of the study consisted of 44 students (24 males and 20 females)
students selected from physics lab (0302103). The sample represented (17.5%) of the
population of the study. The population of the study was (253) students selected from
the first year students of the college of science and technology/Al-Quds University in
tfle academic year 2002-2003. Students in the sample were randomly divided into two
equivalent groups: The experimental group was taught by using the computerized
educational programs, while the controlled group was taught by using the traditional
method.

| An achievement test and attitudes questionnaire toward physics were used to
measure student's performance and their attitudes toward physics. Descriptive and
qualitative statistics were used to analyze the data such as the mean, standard

deviation, t-test, and two way ANOVA,
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The results of the study were as follows:

1-

There were statistically significant differences at (o = 0.05) on means of
students achievement in physics lab, due to teaching methods and the gender.
There were no statistically significant differences at (o = 0.05) on means of
students achievement in physics lab due to the interaction between teaching
method and the gender.

There were statistically significant differences at (¢ = 0.05) on means of
students attitudes toward physics due to teaching method. |
There were no statistically significant differences at (@ = 0.05) on means of
students attitudes toward physics due to gender and to the interaction between
teaching methods and gender.

In the light of these results the researcher recommended using the computerized

~method effectively in teaching physics to increase the achievement and the attitudes

level of the students toward physics .Either in the theoretical and practical courses.

G-
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Qu: The following questions are all related to the experiments you already
performed. Answer them by true or false.

1}  The slope = (of the graph of the net force acting on a system versus
‘acceleration) represents JHerthe total mass of the system. (T )

2)  The acceleration due to gravity can be determined from the graph of (y
versus tz).( T)
{Hint: y is the vertical displacement < sele 43/¥] and t is the time of fall}

3)  The kinetic coefficient of friction (k) does not depend on the materials

of the objects in contact.( F )

4) The restoring force is responsible for turning back the spring to its
equilibrium position when it is pulled.("T )

5)  The spring constant (k) has the units of kg/s.( F )

6) The period gustd oo ilof an oscillating spring does not depend on its
spring constant (k) . ( F )

7)  The time of a free falling object is mass dependentaa; . ( F )

8) In the constant force part of the (Atwood s Machine or force & Motion
.Experiment); the acceleration does not change when the mass of the
object changes.( F )
| (8 marks)

QQ2: Choose the correct answer:

I} The slope and y-intercept ¢sal abialof the velocity versus time graph

for a frec falling object represent:

a) Acceleration, initial position. b) Distance, initial velocity.
¢) Velocity, initial position. Acceleration, initial velocity.
2) The coefficient of friction has no units because it is defined as the ratio

Zusil between two:

a) masses resting on top of each other. b) forces parallel to each other.

c) forces anti parallel to each other. @forces perpendicular to each other,
3) A block of mass 5.0 kg rests on an inclined plane e s siweof angle is

30". The value of the static coefficient of friction () is:

a) 5.0 cot 30° @tan 30 ¢) 5.0tan 30° d) 50.0sin 30'.
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4) If we suspend an object of mass 400 g, on a spring whose spring constant
k= 40 N/m, and pulled the object down and let it oscillate, then the

period of oscillation is:

a)2.2m ®o2x 00027 d)20=
3) If the mass of an object is 200 g, then its weight is equal to:
a) 1960 dyne  b) 1960N ©) 1.96 dyne (@)1.96 N

6) A student in the lab measured the acceleration due to gravity g, he
fqund that g is equal to 9 m/s’, assuming that the theoretical value of g is
eéual to 9.8 m/s?, then the percentage error in his measurement is:
a) 10.5 % (b)8.16 %
c}2l % d) None of the above
7 Consider the ticker tape trace below for an acceleration of a car. From the trace,

the direction of the net force which is acting upon the car is:
| L e
a) to the right 0 the left

¢) can not be determined d) None of the above

8) If the fat person sets in place of the small one, then the acceleration of the

cart

o |l
a5 increases @decreases
c) stays the same d) doubles

(12 marks)
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Q3: You are given the following data for a rectilinear motion of an object:

V (m/sec) 0 2 4 8 6
t (sec) 0 2 4 6 8
1) Plot the data as a graph of v versus t (connect using straight lines), and
answer question (2-5).
L
50
S
= & - l :
|
i - - l, -
E 2
RS
2) The acceleration of the object betweent=0sand t =2 s is:
ay?2 m/s’ b) 0.5 cm/sec
) 0.5 cr/s? @1 m/s?
3) In the time interval between t =2 s and t = 4 s the object is:
a) at rest b) moving with constant velocity
@accelerating d) decelerating
4) The velocity of the object at t =5 s is:
a) 6 cm/s b) 6 cmv/s®
()6 ms d) 7 s/m
5) The distance traveled in the first 4 seconds is:
a) 4m @8 m
c) 16 m d) 24 m
(10 marks)
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Q4: Consider the graph shown below that represents the motion of an

object and answer the following questions:

10

Position x(m)

Y T 14 T g 1
0 2 4 6 8 10
Time t(sec)

1} The value of the acceleration of the object between t=0s, and t=2 s is-
B R e

2} The time interval at which the object is at rest is 2seco Hsec

3) The instantaneous velocity of the object att =5 s is X ¥

4) The interval at which the object accelerates is --‘-’f—g—-c--c--:-.é s=c

Zero_

3) The value of the total displacement of the object is ~==

(10 marks)
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Qu: The following questions are all related to the experiments you already
performed. Answer them by true or false.

1) The slope b (of the graph of the net force acting on a system versu

acceleration) represents (Basthe total mass of the system. ("7 )

2) The acceleration due to gravity can be determined f e graph of (y
VErsus tz).(

int: y is the vertical displacement 42 selef 417¥] and t is the time of fall}

The kinetic coefficient of friction (lix) does not depend on the materials

of the objects in contact.( JF)/ .

4) The restoring force is responsible for turning back the spring to its
equilibrium position when it is pulled.(‘V

5) The spring constant (k) has the units of kg/s.( 4~ ) --

6) The period ust! o iof an oscillating sp r g does not depend on its
spring constant (k) . ( -F )

7) The time of a free faling object is mass dependentiday V -

8) In the constant force part of the (Atwood's Machine orce & Motion

Experiment); the acceleration does not change when the mass of the

object changes.(F )

(8 marks)
Q2: Choose the correct answer:

1) The slope and y-intercept ¢#wal abilof the velocity versus time graph

for a free falling object represent: T

. ¢) Velocity, initial position.
2) The coefficient of friction has no uxi

- a) Acceleration, initial position. é i mitial velocity.

ecause it is defined as the ratio
Ll between two:

- a) masses resting on top of each other. b) forces parallel to other.

- ¢) forces anti parallel to each other. for

3) A block of mass 5.0 kg rests on

rpendicular to each other.

inclined plane (file s siweof angle is
30", The value of the static coefficient of friction () is:

2) 5.0 cot 30 (6)tan 30 ¢)5.0tan 30" d)50.0 sin 30,
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4) If we suspend an object of mass 400 g, on a spring whose spring constant
- k=40 N/m, and pulled the object down and let it oscillate, then the
- peried of oscillation is: ..
P a)2l2n T c)0.02n d)20xn

e mass of an object is 200 g, then its weight is equal to:

060 dyne b) 1960 N ¢) 1.96 dyn?}@%fh‘/ '

ent in the lab measured the acceleration due to gravity g, he

egdal to 9.8 m/s’, then the percentage error in his measurement is:

2) 10.5 % M

)21 % d) None of the above
7) Consider the ticker tape trace below for an acceleration of a car. From the trace,

the direction of the net force which is acting upon the car is:

} . . . - . * . . . - "@
@ e right b) to the left

¢) can not be determined d) None of the above

8) If the fat person sets in place of the small one, then the acceleration of the

" cart

a) increases

c) stays the same d) doubles

(12 marks)
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Q3: You are given the following data for a rectilinear motion of an object:

V (m/sec) 0 2 4 8 6

t (sec) 0 2 4 6 8

1) Plot the data as a graph of v versus t (connect using straight lines), and

answer question (2-5).

PETY

2) The acceleration of the object betweent=0sand t=2s is:

a)2 m/s? b) 0.5 cm/sec
¢) 0.5 cm/s’ @1 m/s’
3) In the time interval eent=2sand t =4 s the object is:
a) at rest b) moving with constant velocity
@ccele 1fig d) decelerating

4) The velocity of the object att =5 s is:
b) 6 cm/s’

d) 7 s/m

a) 4m

¢) 16 m

(10 marks)
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Qa4:

objeét and answer the following questions:

Consider the graph shown below that represents the motion of an

104

Position x{(m)

e
a 2 4 B

Time t{sec)

o 4
-
o

The valkl\eqof the accelgration of the object betweent=0s,and t =2 s is-

Y :
L~ . _ 02— Ll)/
The time interval at which the object is at rest is 7 .

The interval at which the object accelerates

The value of the total displacement of the object ism-c-)/

(10 marks)

o
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46.2 700 | 21 | 153 84.3 8
49.8 42.9 22| 515 51.4 9 -
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(8)dala
Kinetic Friction

Objectives:

Determination of the static and kinetic coefficients of friction .
To show that the coefficients of friction are independent of the normal force.
To compare the coefficient of static friction (,) with the kinetic friction ().

e To determine the direction of frictional force.

Equipment Needed.

Photo gate/Pulley system (ME- 683 8)
Balance (SE-8723)

Friction Block w/Hook (003-04708).
Mass and hanger Set (ME-8967)
String (SE-8050)

Universal table clamp (ME-9376).

AP bl e

Theory:

|
How can we walk on the earth’s surface?
Results from motion of one surface while in contact with another,

The direction of the frictional force is always opposite to the body’s motion. From
different experiments it is observed that frictional forces depends on the nature of the
materials in contact only, and friction force is directly proportional to the normal force.
Where the normal force is defined as the reaction force of the plane or surface on the

object, and acts with 90° the each surface..

Hence,
F.aN

|
F.=const x N

F, friction force

N: normal force
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Part 1: The coefficient of friction on a horizontal plane

When a force F is applied to the block parallel to the surface and no motion occurs, we
say that the applied force is balanced by an opposite force of static friction F, exerted on
the block by the table along the surface of contact fig (1)

N

¥ 3
—

F;
Mg

Fig. (1)

As the magnitude of the applied force increase, Fs increase’s to a maximum value

given by:
F, = p.N where i is coefficient of static friction, in case of motion Fig. (2) p is the

coefficient of kinetic friction
N

L

Fx M
‘///T///////
/ T
Mg
. m
Fig (2) —
|
According to Newton’s Second Law: l
Faa = ma mg

The net force acting on the system is: ZF = mg - Fi,
ZF=mg-Fk=(M+m)a
But Fx = N
And N=Mg
Solving for px we get
_mg -(M +m Ja

; Hy = Mg
This is the demonstration of coefficient of friction for a horizontal plane. We can
investigate the coefficient of friction for an inclined plane.
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Part I; Computer Setup:

1. Connect the Science Workshop interface to the computer, turn on the interface, and

turn on the computer.
2. Connect the Photogate’s phone plug to Digital Channeil on the interface.

3. Open the document titled as shown:
Data Studio, P21 Kinetic Friction DS

The Data Studio document has a workbook display. Read the instructions in the
workbook.

Part 11: Sensor Calibration and Equipment Setup

You do not need to calibrate the Photogate/Pulley system.

1. Use the Pulley Mounting Rod to attach the
Pulley to the tab on the Photogate.

2. Use the Universal Table Clamp to mount the
pulley rod vertically at the edge of a horizontal
surface, such as a tabletop.

3. Measure the mass of the Friction Block. Record the mass
in the Data Table in the Lab Report section.

4. Use a piece of string that is about 10 centimeter
longer than the distance from the top of the horizontal
surface to the floor. Attach one end of the string to the block.

5. Put the string in the groove of the pulley. Attach the mass hanger to the other end of
the string. Setup the block and Photogate/Pulley system as shown. If you are using
a PASCO mass hanger, you can attach the string to the mass hanger by wrapping the
string through the notch three or four time.
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Part III ‘A: Data Recording-large, Smooth Surface:

—

Place the block so its largest smooth side is on the horizontal surface.

Put enough mass on the mass hanger so that the block will slide on the surface
without needing an initial push. Measure and record the value of the TOTAL
hanging mass (remember to include the mass of the hanger).

Pull ithe block away from the photogate/Pulley system unti! the hanging mass is
almost up to the pulley. Hold the block in place. Turn the pulley so the photogate’s
beam is not blocked (light — emitting diode on the photogate is not lit).

Begin data recording.

Release the block.

End data recording before the block hits the pulley. Do not let the block hit the
pulley.

The data will appear as Run # 1

Repeat the procedure to obtain a second run of data for the same hanging mass and
surface.

The data will appear as Run # 2.

Part I1I B: Data Recording — Different Mass of Block

1. Double the mass of the block by placing a mass approximately equal to the mass
of the block on top of the block.

2 Measure and record the total mass (M) of the block and additional mass in the
Data Table.

3. Double the hanging mass. Measure and record the total hanging mass (m) in the
Data Table.

4. Record one run of data as before to see how the different mass affects the

coefficient of kinetic friction.
Part ITI C: Data Recording ~ Different surface Area

1. Remove the additional mass from the block and from the mass hanger, return the
block and mass hanger to the original state from Part JII A.

2 Place the block so its smallest smooth side is o the horizontal surface.

3 Record Data. Compare this run to the data from Part ITI A

Part III D: Data Recording — Different Surface Material

1. Place the block so its largest “rough” side is on the horizontal surface.

2. Put enough mass on the mass hanger so that the block will slide on the surface
without needing an initial push. Measure and record the value of the TOTAL

hanging mass in the Data Table in the Lab Report section. Remember to include
the mass of the hanger.

3 Record one run of data as before to see how the different material affects the
coefTicient of kinetic friction.

4. Place the block so its smallest “rough” side is on the horizontal surface.

Record data using the same hanging mass you used for the largest “rough” side so

'you can compare this run to the data for the largest “rough” side.

w
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Part III E: Data Recording — Different Hanging Mass

1.

(L]

Data Recording Summary:

Return the block to the original orientation as in Part [II A (largest smooth side
down).

Put an amount of mass on the hanger that is larger than the amount you used in
Part II1 A. Measure and record the total hanging mass in the Data Table.

Record data as in Part III A.

Repeat the process using four larger totals for the hanging mass. Be sure to
measure and record the total hanging mass for all three trials.

Run # Part & Description

ITA, Largest smooth side of block

IIA, Largest smooth side of block

11IB, Larger mass of block and hanging mass
111C, Smallest smooth side of block

HID, Largest, rough side of block

11D, Smallest rough side of block

11IE, Larger hanging mass 1

IIIE, Larger hanging mass 2

1ITE, Larger hanging mass 3

Nl B I R Pl Bl fa

Analyzing the Data:

1. Determine the experimental acceleration for each of the data runs.

« Click in the Graph display to make it active. Find the slope of the velocity vs.

time plot, the average acceleration of the block.
' In Data Studio, Select Run #1 from the Data Menu ( ) in the Graph

- display. If multiple data runs are showing, first select No Data from the Data

" Menu and then select Run #1.
Click the “Scale to fit” button { ) to rescale the Graph axes to fit the

- data. Next, click the “Fit” menu button ( ). Select “linear”.

« Record the slope of the linear fit in the Data Table in the Lab Report section.
Repeat the above procedure for each of the remaining data runs.

. {Using the mass values and the acceleration value, determine and record the

coefficient of kinetic friction for each data run in the Data Table.

Record your results in the lab report section
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Resullts & Calculation — Kinetic Friction:

In relation to the direction of motion, in which direction does the kinetic frictional

force act?
Data Table:
Run M m Aexp Uk
Total block Total hanging | Acceleration CoefTicient of
mass Mass (mlsz) Friction
‘ (kg) (kg)
Run # 1
Run # 2
Run #3
Run # 4
Run#5
Run # 6
Run # 7
Run # 8
Run#9
Run # 10
Run#11
Run # 12
Summary:
Run # Part and Description uk
1. TIIA, Largest smooth side of block
2. THA, Largest smooth side of block
3. 11IB, Larger mass of block
4, I1IC, Smallest smooth side of block
5. 111D, Largest rough side of block
6. [1TD, Smallest rough side of block
7. IIIE, Larger hanging mass 1
8. NIE, Larger hanging mass 2
9. IIIE, Larger hanging mass 3
10. IIIE, Larger hanging mass 4
11. | IIIE, Larger hanging mass 5
12. I[IE, Larger hanging mass 6
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Questions:

1. How does the coefficient of kinetic friction vary with the mass of the block?

2 How does the coefficient of kinetic friction vary with the area of contact between
the block and the horizontal surface?

3. When you used the different type of material, how does the coefficient of kinetic
friction vary with the area of contact between the block and the horizontal

surface?

4. When you used the different type of material, how does the coeflicient of kinetic
friction vary with the area of contact between the block and the horizontal
surface?

5 How does the coefficient of kinetic friction vary as the speed varied due to the
different hanging masses?

6. What is the relationship between the coefficient of kinetic and the mass, surface
area, or speed of the object?

7 When the mass of the block is increased, does the force of kinetic friction
increase? Why?
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(10)3>ts

Friction

I. OBJECTIVE

The mazin objective of this experiment is to determine the static and kinetic
coefficients of fricition between & wooden block and a wooden surface,

tI. EQUIPMENT NEEDED.
* Wooden hlock.
* Inclined plane,
* Pulley.
* Mass hanger.
* Weights.

* Stopwatch,
* String.

Stopwatch.

* Sheets of linear graph pipers.

I, THEORY

Friction arises when a body sildes on the surface of another body. Friction forces

act along the tangent to the surface on which the body slides. Frictional frices
required to drag a body

aie
along a surfuce even though the surface i horizontal so that
there s no resisting force due to gravity and even though the speed is unifrom so that
na foree is required to produce accleration.

Common experiences, considered in conjuncion with Newton’s laws of motion, h

elp
relate this model. Imagine

4 fairly massive block at rest on a horizontal surface. Now
apply a small external foree F, directed along the surface (x-axis), to this hiock. The
resutt: the block remains al rest (Fig 5.1).

Fe

—

my N )

Applied external furce und static frictional Force.,

{»

.

!l
Fig. 5.1
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By Newton's sccond law (Fea) = max, the net force along x must be zzro, because
the block does not move (as = 0). So there must be some other force Fogp which acts
in the apposite dlirection to "cancel” the applied external force T

(Fext) + Fopp= (Fex)s = max = 0 (5.1}
i.c., Fopp  hus the same magnitude and acts in the direction opposite (anti- parallel)
to the appliad force. This force is due to friction, which in essence is "contact foree". F
is referred to as the frictional force, or more accurately, the static frictional force, and
generally is denoted by fs.

Now slightly increase the magnitude of the applied external foree ... the block still
does not move. The above dynamical analysis still applies, i.e., fs still acts in the
direction opposite to and has the same magnitude as Fen . What this situation reveals
is that the magnitude of fs has changed: since Fen is larger and the block still doesn't
move, fs must have increased as well. In some way, the frictional force "responds’ to
the charge in Fea in such a way that Newton's second law {with ax = ) is satisfied.

It is also within common experience that if this process is continued, that is. if Fext
grows ever larger, the block will eventually begin to move, i.c., it makes the trunsition
from being at rest (ax = 0) to a cuse of nonzero acceleration. At a certain point, Fex
bectimes large enough to overcome the static friction, and the block hegins to move.
As the above argument demonstiates, this is also the point at which fo s largest
(fs)max occurs at the transition from static to dynamic.

The model describing this behaviour was developed empirically. Tt was found
e:xperimentally that this maximum static frictional force is proportional 10 the normai
farce N which acts on the object (perpendicular to the surface):

(fomax o (N; (5.2)

The constant of proportionality is called the coefficient of static friction and

generaliy denoted by the lower-case Greek letter [-“ ("mu"):

(f)may = WN (5.3
[thie subscript s again indicates "static™]. The value of the coefficient is determincd by
the neture of the two curfaces in contact. Notice that since (fmac  and N are both
forces, the coefficient pgis dimensionles.. The full range of static situations is thus
described by the ineyuality

fsg NMs (5.4)
and agin, the equality holds only for the transition from rest to motion.

Consider now a slightly different situation. Suppose an external force is applied to
the block to push it along the surface (Fig 5.2). Kinematical measurcments reveal that

the: acceleration the block exhibits is not thit which would result  just from Few (ic.
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a measured = Fex /m). This of course confirms a fact also known from experience:
fricitors does not "go away" just Decause a hody is in motion. There is still some force
oppsing the applied Foree, resalting in a smaller ax,
Maore empirical work has establis hed that here, too, (his different frictional force (the
Kinetic frictional force, fi) is proportional to the normal froce M, but with a
different constant of proportionaity;

fi= "’Lk N (5.5}

Where '« is called the coefficient of kinetic friciton,

—m——— e

Fig 5.2 App! ivd external force und kinetic frictivnal force.

Typicully, }*; < M. This is not something that could have been predictad a
priori; it simply emerged fr¢m the empirical evidence that for virtually ail surfaces,
the coefficient of kinetic fricvion is less than the coefficient of static Friction.

Furthermore, relations usied to caleulate kinetic coefficient of friction for systeins
which undergo constant velv wities are different from accelerating system relations. for
this reason, we shall study the theoretical relations for both cases.

A: Constant velocity mation.

Consider first the mestior: of a block of mass m on a horizontal plane as shown in
Fig.5.3.

Fig 8.3 Torce applied to g block on a horizental plane by M.
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T'ne external force is supplied by the tension in a string. As with the earlier
Ne wton’s law experiment, the string is passed over a pulley and connected to a
stispended mass (whose weight, in an indirect manner [i.e., via the string], pulls or: the
‘olock). For this situation, a dynamical analysis of the system gives.

M= M/m <z g 77 107 (5.6)
wly = iy

Consider now another situation where the block is placed on the surface, which is
then inclined to some angle & [measured most accurately by trigonometric means] (Fig
5.4). Here, a componet of the biock’s weight constitutes the force which friciton

opposes. For this system,

)«l= tano (5.7)

Fig 5.4 forces acting on a block on &n inclined plane.
B: Accelerating Motion,
For a complete study, one nas to examine the determination of kinctic friction in
case of accelerating systerns. For this purpose, let us first consider the Forizontal case
(Fig 5.3) and let us assume the sysiem moves with an acceleration a. The equation of

motion can be written as:

Mg-fi = (m+ M (5.8)

Knowing that fi = B« N = Mmg, when this is substituted into equation (5.2). we get
Mg - )J-k mg = (m + M)a (5.9}

Arrange equation (5.9) to ge
Me= M/m {{m+ M)/mg]a (5.10)

Equation (5.10) can be rediuced to eguation {5.6) in case of constant vzlocily motion,
that is, when a = (1

Now, let us consider lhe-se cond case, when the block is placed on the surface which
is then inclined 1o some angle @ as shown in Fig. 5.5. Dy applying Newton’s second

law on the motion, we pet
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Mg - mgsing - = (m+ M)a (5.11)
also,
N -= mg cosp (5.12)

cand
fo= PN = Lmg cos (5.13)

Fig 5.5 force applied Lo mass m on inclined plane by weight of muss M
substitute equation {5.13) into cquaton (5.11) and rearrange the result, we ger,
}LF [Mg - mg sin® - (m + Ma]/(mgcose)} {5.14)

Equation (5.14) can twe reduced (o equation (5.7) by assuming the system moves

with constant vefocity (o = (1) and also by letting the block on an inclined plane with

no driving mass.

'Y, EXPERIMENTAL PROCEDURES

A. DETERMINATION OF THE STATIC COEFFICIENT QF

FRICTION
In this case, the applicd force is increased untill the transition point is reached.
Here, one wants to find the minimum force necessuary e cause the biack G
move. in the horizontal system, this will translate to finding the smallest
suspended. weight.
For tha ‘nclined system, increasing the angle increases the component of weight
acting along the board,
1. Weigh the wonden block to the nearest gram and record its mass, name it m
Do not forget to include the uncertainty in your measurements,

2, Weigh the mass hanger, mn . and record its mass.
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3. Arrange the apparatus as shown in Fig 5.3. Do not forget to adjust the plane
to be in horizontal position and to adjust the orientation of the pulley so that
the string is parallel to the plane,

4. add weights to the hanger untill ti:e block just start 10 move without tapping
the table or without any initial pusk to the block. Record the mass added to
the hanger, name it, m1 . Now add m to the mass hanger and denote the
total mass {mn + m )} as M.

5. Repeat procedure 4 three times using the same load. Record your data in
DATA TABLE 1.

6. Add masses to the wooden Block in steps of 100 gms for masses up to 1000gm
an: repeat steps 3, 4 and 5. Enter all measurements in DATA TABLE 1.

7. Use equation {5.6) to caiculate pes and complete DATA TABLE 1.

In arder to calcutate the static coefficient of friction for a wooden block which

rests on the top of an inclined plane, do the following

a. Place the wooden biock on the top of an inclined plane as shown in Fig.
5.4 and increase the angle of inclination slowly untill the block just starts

10 move.

b. When the block just starts 1o move fix the plane at that angle and measure

the angle of inclination €
¢. Repeat procedure b three times and find the average value of B -
d. Calculate the coefficient of static friction fLg by using equation (5.7)

B. DETERMINATION OF THE KINETIC COLFFICIENT OF

FRICTION

To find the coefficient of kinetic friction, set the block in motion with a given
applied force. This scction consists of two parts. In the first part one hopes to find
that particular value of the applied force for which the velocity is constznt; while the
second part one hopes 1o find that particular value of the force for which the velocity
is not constant (tac system is accelerating).

The first part can be discerned visually: if too little force is applied, then fk will
soon huing the block to rest. 1 the applied force is too large, then the block will
obviously accelerate. (its speed along the track changes noticeably). the "trick” is to find
just the right amount of external fore: Lo cause the block to move along the surface at
a discernably constant speed.
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1. Constant Speed Precedures

1

2.

. Weigh the wooden block and record its mass.

Weigh the mass hanger and record its mass. You can use the values

recorded in part A,

. Arrange the appiratus as shown in Fig 5.3

. Add masses to the mass hanger untifl the block moves siowly with contant

speed after the Lable is being tapped.

. Repeat procedure ¢ three times.
- Add 2 100 gmi masses to the wooden block and repeat procedure 4
. Repeat procedures 4 10 6 for masses up to 1000 gms in steps of 100gms.

Record your meas-arements in DATA TABLE 2.

. Use equation (5.6:) to ealculite P and complete DATA TABLE 2.

- Adjust the boarl as inclined plane. Place the wooden block on the plane

and find the smarlest angle of inclination of the plane to the horizontal for
which the blovk slides down the plane with constant speed after the plane
has been tapped. Repeat the above procedure three times and find the

average vitlue of the angle of repose (it is the angle of inclination), B

10. Use equation (5.7} to calculate, Iu_k.

11, Accelearting System Procedures

[x*]

L8]

Arrange the appasiatus as shown in Fig 5.3

. Load the hanger with masses untilt the block moves.

- Measure the time: required the block to traverse a distance x on the planc

by using a stopwatch or your watch. Repeat this procedure several times

aad take the average time t.

. Vary the load mas+es added to the mass hanger and repeat step 3.
- Enter your measurements in DATA TABLE 3.
- Use equestion (5.30) to caleulate o and complete DATA TABLE 3.

. Now srrange the @ pparatus as shown in Fig 5.5 and repeat procedores 2 16

<

. Entes your measturements in DATA TABLE 4.

. Repeat procedure 7 several times for different angles of repose. {nter yaur
£

measvrements ¢ HATA TABLE 4,

10. Uss equations (5.14) te calculate ,.Lk and complete DATA TABLLE 4,
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V. DATA ANALYSIS

Propagate errors using crrot propagation rules. In this casﬁz. the error can be found
aceording 5 !
T AM/MP (Bm/m) (5.15)
On the other hand, jyu for a block resting on an inclined plane can be found
according.
AW = [ tan (6 +58) - tane) (5.16)
orf using ‘
D = [d(mne)/d@] AO (5.17)

Wheve A8 in equation (5.17) is measured in radians.
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Student Name: Section: . Date

FLab. Pariner(s):

EXPERIMENT & Friction

-

LABORATORY REPORT

{. OBJECTIVE(S)

1. DATA ANALYSIS
A. DETERMINATION OF THE STATIC COEFFICIENT OF
FRICTION.
1. Consider a system as the one shown in Fig 5.3 . Plot the free-body-diagram

for both masses.

2. Derive equations (5.6) and (5.7) for the case of static friction

3. Enter all measurements taken for the determination of static coefficient of
friction in DATA TARBLE 1.

mher =
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DATA TABLE I

I T T I L
FOf tr ialsl mb + mrp =m [mh+ miz M I},\,s M/m |
f t ; i 1
| | | | |
——— : e
2 | | 1 |
] | | |
I | | | |
——— : % |
¢ | | | I
} ! ! l |
K i | 1 |
L ! ) | ]

From DATA TABLE 1
a. Calculate ’.L; according to equation (5.6).

The averuge value of }ls is

b. Plot M versus m and calculate the average value of Hs from the graph.

¢. Calciutate the eorror in }.L; . Show your work
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4, Static coefficient of friction calculations for a block placed on an inclined plane

a. Angle of inclination measurements : (including error propagation)

B‘ = 9].4_-_1.\6,=
Gl.—.' 92_4_ Ael=
9;: 8”:.36 =

3 = Gabroe
b. Static coefficient of friction Ps , 18

}Js = tang =

¢. Estimate the error in the calculated value of st in this case. Show your

work,

B. DETERMINATION OF THE KINETIC COEFFICIENT OF
FRICTION.
I. Constant Speed Resulls
i. Eater your measurements in DATA TABLE 2.

me =

ma o=
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DATA TABLE 2

r T - I T

|
HOF TRAYLS m | M | }J.u |

& [ T N i
e e S e
& I |
P e e
~ R N R |
S e S B e
k I T B R i
U R [V SR SR SN BAUURRY (U R

2, Caleutate HK hy

. Using equation (5.6), Complete DATA TABLE 2. Calcutate the

average value of P, ’

b. Plottingt M versus m. The slope of your plot is the average value of PK.

3. Compare the vatues obtained in part a and b in siep 2.
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2. Calculate Mw according to equation (5.10).

B. The motion takes place on an inclined plane.
3, Enter your measurements in DATA TABLE 4.

DATA TABLEA4

[ T
M{gms} m{gma}
l |

1 !
[

T

a=2x/

1

|
|

~)

L 1F

— — - —

e e — 1 —

| |

| | 1

I | ]
| | B

L

4. Calculate ’L.,_ according equation (5.14)

S. Compare all results abtained for ,.lp. Write down your commenys.

6. Compare the }J.K vajues with the }J-; values. Write down your

comments?
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