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EXPERIMENT 1

ANALYSIS OF DATA

LAB REPORT

Date: .6.L.2/.2a1% .ccvirvrrnnnannn

Name: .. Khnled.... Al-#ases....  Partner's Name: .I.bmiu'ﬂ..g,lw."e!'th

Registration No: Registration No.

(]
SeCcHOI: vovvvrerenes 1.'."! ................. Instructor's Name: £-aa...0.947.,

PURPOSE

To learn basic data analysis and use it to uncover correlations and

empirical relationships between experimental variables.

Note: For this lab, a thorough reading of the Introduction and Appendix B is

required.

I. INTRODUCTION
The data for this lab have been collected from an experiment that has

already been performed. The basic procedure of the experiment consists
of filling a cylindrical container with water to a certain height (h) and
measuring the time (f) it takes to drain the container by allowing the
water to escape through a circular hole with diameter (d) at the bottom
of the container. The height and diameter (h and d) are the independent

variables of the experiment, and time, t, is the dependent variable.
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The objective of the experiment and the analysis that you will carry out
is to find an empirical relation t(d,h), i.e. one that is based on the data,
relating the time to the height of the water and diameter of the hole.
The relation being sought has the form ¢ = Ah*d? where A, 0, and p are
constants. You will determine

- oaand B,

_  the empirical relationship between £ and h when d is fixed, and

- the empirical relationship between £ and d when h is fixed.

You will use graphical representation of the data in order to visualize

the correlation between the variables.

I1. PROCEDURE

In order to arrive at the empirical relation #(dh), the height and
diameter, i and d, were varied and the resulting variation of the time ¢
was observed.

The standard way to carry out such an experiment is to fix one
independent variable, d for example, and vary the other independent
variable (1 in this case) and measure the time (for each value of k). Then
one repeats the procedure for a different d but the same values of h. In
this manner Table 1.1 is obtained.

It is clear that at fixed d, larger h (more water) should result in larger ¢
(more time is needed to empty the container). On the other hand, for a
given h, t is expected to decrease when d is increased (a larger diameter
allows for a higher flow rate of water).

Note that in a row in the table, h is constant and d is varied, while for a
column, 4 is constant and h is varied. For example, the first row has the

following time values for h = 30.0 cm: 73.0 s for d = 1.5 mm 41.2 s for
d = 2.0 mm, etc. f
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t(s)

h (cm) d=15mm | d=2.0mm i=30mm | d=50mm
30.0 73.0 41.2 18.4 6.80
10.0 43.5 23.7 10.5 3.90
4.0 26.7 15.0 6.80 2.20

1.0 13.5 7.20 3.70 1.50
II1. DATA
8. Use the data in Table 1.1 to fill in Table 1.2
Table 1.2
t (s)

d (mm) n=10cm | h=40cm | h=100cm | h=30.0cm
1= 13.5 2:7 “3.5 73.0
20 /.10 \S .0 2% 7 it Y
3.0 23.70 630 \o.5 V2 Y
>0 |50 270 3. 90 6- 8o

9. For h=30cm, use Tables 1.1 and 1.2 and fill in Table 1.3.

Téble 1.3

t (s) d (mm) 1/d? (mm-2)
6‘80 5.0 o'oq
\%‘\'\ -::f\g o
L\\-‘}_ .0 o )
73.0 \.S 0 Y
10.For d = 2.0 mm, fill in Table 1.4 below:
Table 1.4
t(s) h (cm) Logio ¢ Logioh
7.’20 \\o 0. 857 D
IS o Y, o \v 176 a 6ol
23 .7 \o 1o | 137y |
U\ a2 0.0 \.6\4 Tk
25 |
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V. ANALYSIS OF DATA

1. Plot your results.
cale that utilizes at least 2/3 of the sheet of graph paper, plot on
the function t(h) (i.e., t vs. h) for
th a

Using a s
the same graph paper (using the same axes)

each diameter (d) used. Connect the data points from each case wi

smooth curve, and label each curve with the corresponding d.
Similarly, on a second sheet of graph paper, plot the function d(t) (i.e., d vs. t)
for each value of the height (7). Connect the points corresponding to each

value of i with a smooth curve and label each curve with the appropriate

value of h.
- Plot t versus 1/d2 for h = 30 cm.

- Plot Logiot versus Logioh for d =2 mm.

Use your graphs to answer the following questions:
2. From your graph of (k) versus (t) for d = 1.5 mm, extrapolate the

curve toward the origin. Does it pass through it? Would you expect it

to do so? Explain.
Yese by bl velakion... bekwsn.. hob.. .22 Ezaba)....

v

OF B il bR 28Rk

........
--------------------------------------------------------------
---------------
-----

3. What type of relationship (direct or inverse) do you see between the

time t and diameter d for a fixed value of h? Why?

.Irw.ez.se,..b.emu.se....é.j....éﬂﬂ ..... guiaph....wlea. L. valse........
..QF.....f:.‘».«A....b.i.amz.l:{(.[.d)....\'AC/. eades ,}‘\u. e, 06, bae

it LEY . 0R.C00A8ES oo

4. From the graph oft versus 1/4d2, determine the empirical relationship

between time t and hole diameter d for h = 30 cm.

.............
----------

--------

---------
---------
........
------

--------

-----

----------------
----------------
-----------------------
---------
------
ooooooooo
ooooooo
LY
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| relationship from above (between time £

5. Do you expect the empirica
y i for example?

and hole diameter d) to be different for h = 50 cm,

Explain.
/ys, because.... the.... Malue.. ke Nameke (D and
T “Eime (E). il Che 5(...!...5.‘!....’.‘A9. ..... stepe.... M

6. From the previous relation, calculate the time needed to empty the

container if the diameter of the hole is 4 mm.

...... B2 AXES e oo ) lq,(w..... A.0:873

g8z mdegh)t.0 597 ) Logh).,. a0 B

A ¢ \og LK) 2. 093, Jea(®). 40,877, L £ ... h_: TP U
...... leglf) .. 1n9(h!......\-.9...3.5§...:".?...5.3...... , s
&

7. From the Logiot versus Logioh graph, find the emp1r1cal relationship
between the time ¢ and helght h for d =2 mm.

— (6) 310 >

.........................................................................................

..........................................................................................

------------------------------------------------------------------------------------------

container if the height of water was 25 cm.

°- 857
cecesss EF(O ........... L.°>] ............................................. 8 .’lf’ A
....... k=1c;“%1F 15:,53; .S

9. What is meant by an empirical relationship?

LO...Celofgen. . SL(',O. ........ ‘z" N7 ¥ T, é.v.u ......... ahles. ... .Hu\l' .........
é«’.P 025 0A. . 89S BN e

-----------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------

27
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EXPERIMENT 2

MEASUREMENTS AND UNCERTAINTIES

LAB REPORT
Date ..... In/.2{3el4................
Name ..Khaled....al-naser.......... Partner's Name . Lbzahim. ghesheh

Registration No. . Registration No

Section ...... L Instructor's Name

I. PURPOSE:
To learn how to estimate errors in experimental measurements.

II. INTRODUCTION
In this lab you will estimate the density of a cylindrical piece of brass using

measurements of its mass, diameter, and height. You will estimate the error

in your measurements and the resulting error in your density estimate.

III. EQUIPMENT
- Pan balance - Meter stick
- Vernier caliper (Figures 2.1, 2.2) - Micrometer (Figure 2.3)
- Brass rod - Wooden or plastic disc
- Piece of paper tape

29
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g 10 11 12 13 14 15 ;:

(1) Depth measuring (2) Fixed jaw blade
(3) Guide bar (4) Graduated scale

(5) Knife-edge measuring faces for interior measurement
(6) Measuring faces for exterior measurement

(7) Movable jaw blade

(8) Slide (9) Vernier scale

Figure 2.1: Vernier caliper.

I el
l\";]1|1|m L8, 5 v SRNNREN:
ol | ]_"||1{*I'|'j'§’l']'l‘2]’lf|' l l l lla'l
0

e Wy e e o O
Xt |l bbbl alnilimtiml
Johal 1ol Tl 14l sl s A Tal 1ol To] 120

A AN

®
\\__/

Figure 2.2: Reading off 2.4 on the graduated scale and 0.070 on the vernier scale gives
2.470 cm.

24 [+ 0070 = 2470 cm
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6.0 + 0.5 + 0.16 = 6.66 mumn

Figure 2.3: Micrometer, reading off 6.66 mm.

IV. PROCEDURE
PART 1: ESTIMATING Tt

1. Measure the diameter (D) of the wooden disc using a vernier caliper

(one trial). Record the result and uncertainty (AD) in Table 2.1.
2. Wrap a piece of paper tape around the circumference of the wooden
disc and measure the length (C, circumference) of the tape using a

meter stick (one trial). Record the result and the uncertainty (AC) in
Table 2.1.

3. Calculate the fractional errors in the diameter (A—DQ) and the

AC
circumference (? ). Record the result in Table 2.1.

PART 2: DETERMINATION OF DENSITY

The density p is defined as the ratio of mass m to the volume V of an object;
p = m/ V. In other words it is the mass per unit volume. In MKS, the unit of
p is kg.m?3, The density of water is 1.0 g/cm3 which is equivalent to 1000
kg/m3,

In this part you will determine the density of brass by measuring the mass

31
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N

of a brass rod using a pan balance, and calculating its volume. The latter is

given by V=n (d/2)
this:

4 Measure L using a vernier caliper.

2L, where Lis the length of the rod and d its diameter. For

5. Measure d using a micrometer.
6. Repeat each measurement five times.

7 Measure the mass of the brass rod once.

V. DATA ANALYSIS
PART 1: ESTIMATING 7t

1. Record your data in Table 2.1 below:

Table 2.1
AD T
D= 27.65 m™ AD =+ 0-5%% me = £.4Y %o
ld o= 1A am AC=4 o.a5 - . |BS_ w2 #1e™
o C

n=._€.....:....\\‘;\.&ﬁ ........ D T R L
S 2,745 <

..............................................................................................

-------------------------------------------------
.....................................
........

3. Calculate the error, Ar, in your estimate of n. Show your calculations

2 2
Remember: AT =T- \/(@j +(A_C)
D C

in detail.

--------------------------------------------------------------
---------------

---------------
........................................................
--------------------
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p[' :I E'AI * loo
A

4. Compare your estimate of n with the accepted value (Taccepted=3.14159).

k.7 }.E..:.ﬂ.)z‘.lv.? ..........................................................
A -
FERIERALIELE Ty

3.\1\5

.................
--------------------------------------------------------------------------

i
m
&

--------------------------------------------------

......................
---------------------------------------------------------------------

--------------
.............................................................................

PART 2: DETERMINATION OF DENSITY
1. Record your measured values of L in Table 2.2 below.

2. Calculate the error, AL, in the average measured length and enter the

result in Table 2.2. Al = ¢ (Li~L )2
i a(n-1)
Table 2.2
Trial No. Li(cm) (LI—E)Z (cm?) L= 243 (cm)
1 Z‘ul.’a cm (3 Tt
2 [ guse| 250070 |
el — -5 2
3 g U35 2B fo e Zi(Li—L)Z: Sels cm
= l=
4
5
AL =+ / 5*lo* éL_: 3 ulb ,@(o‘\‘\
4 L
z 9.25’4.\“'1

3. Record your measured values of d in Table 2.3 below.

4. Calculate the error, Ad, in the average measured diameter and enter

“the result in Table 2.3.

33
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N\

Table 2.3

. —=\2 2 a: o) 'S)O‘ (Cm)
Trial No. d; (cm) (di" d) (cm?)

' g 2.6\ ¢ 15"

2 0:.¢l G\ ¢ \o.s 5 L

—\2

3 8.5438 2wy et i;(d,-—d) _ . 2830

4

5

g C:.Olti'c:{-

A
i

— o028l

5. Record your measured value of m in Table 2.4 below. Estimate the

error Am and calculate the ratio Am )

m
Table 2.4
m= “4o, g
Am = a. 0 g
Am »
m 7-0% ¥ (o

Remember: |Am | is the smallest division of the balance used.

6. Calculate p, the density of the rod, using the value of n, determined in

part 1, and the measured values of h, d, and mass m, determined in

part 2.
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£

V|
2 2 32 72
Am\" (Am)" [ 2Ad AL)
i =p-. || — — |+ = -
7. Calculate Ap using Ap=p \Km ) +( . ] +( 5 J ( T
Show the details of your calculation. .2
)2 2 -

Ap=...2-ﬂ.2...v~...I..(3.~.p.\:u.\p.‘.‘.‘.).?..t(.\3.%...3.6..x,\.g.‘.‘.)..:4.-.(2»«.9.~.q2.31)..+[ 2416 wfo )

20

8. Order the errorsAn, Ad, AL, and Am according to their contribution

to the error in p.

........

H 3.8
e_.é'-'- ...... o e A U T AR AR
b V|
T A
LL =L A R R T TP PPPPPPPPPPPPPS
L pa. |
Y P L N U 0 L WU PP
B0 TR
all _— =
.................... T T S T W o e =N SOOI
O ™ 7

9. The accepted value of p is: paccep;‘ed =83 é/ cm3. Your measured value

is in the range [p—Ap , P+AP]. Is Pacceptea within the range?

oL T 08 0 AU T AR 2 A e
L2 ‘1729\9‘%7‘ ‘57@(0"\) ..... sk i in b Cange
10. Justify your answer in step 9.
L because...... bhe.. Malwe . Loagerhe) 2. 83 alem? .
NS R i.n...kke....cangc....[fl:."?.'.7.5.?..1..8.‘..3.2] ................................. i -
............................................................................................ ({'\
11. State and discuss three sources of error in this experiment. |
L Ungerk i, miecs 00 blu e I~
) LR N O el CAMBR e ;
..3.)....Une~49e.d:d.....\/f:\.\m....q:.G....ﬂ.....c.%...qF fhe...0A09% ... f
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LAB REPORT

Date .2o/2/ 20l o0veeaa,
Name %. Klas\ed... a\-nases,

Registration No. . Registration No. ..

Section ... 2. \.............. Instructor's Name .Eaaa.. . Pasc. ..

1. PURPOSE:

To study and analyze motion with variable acceleration in one

dimension.

IL. INTRODUCTION - THEORETICAL BACKGROUND

Kinematics is the study of the purely geometrical aspects of the motion of
an object or particle, such as its trajectory in space, its displacement,
velocity, and acceleration, and how they vary with time, without reference
to its mass or the forces acting on it,

Motion of a particle or an object is described by measuring its position with
respect to a coordinate system as a function of time. In this experiment, you
will analyze motion along a straight line, also called rectilinear or one-

dimensional motion.

49
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If the object’s positions at different times (preferably at regularly spaced

time intervals, Atf) are recorded, one can then obtain the displacements

made during the time intervals, which are used to calculate velocities and

accelerations.

Assuming the object is moving along the x-axis, the displacement Ax 1t

makes during a time interval At, when it moves from an initial position with
coordinate ¥; to a final position with coordinate X is defined as:

Ax =x;—X; (4.1)
The average velocity of the object during this time interval is defined by:

- _2_’;_ 4.2)
If, during the same time interval, the velocity of the object changes from an
initial value v; to a final value v;, then the average acceleration of the object
during this interval is defined by:

a= v (4.3)

At

In this experiment, you will pull a ~ 1.0-m long paper tape along a straight
line, such that its acceleration is variable both in magnitude and direction,
and you will analyze the resulting motion. A record of the tape's motion as
a function of time is obtained with the help of a device for measuring time
called a ticker timer, shown in Figure 4.1 below. It is an electrical device that
has a little screw-shaped hammer that vibrates vertically at a rate of 50 Hz.

The tape is threaded through the device and under a carbon disc placed

right below the hammer. As the tape is pulled through while the ticker

timer is on, the hammer strikes the carbon disc at a rate of 50 times each

second, leaving a dot on the tape with each strike. The distance between two

dots on the tape is the distance covered by the tape in 0.02 s.

50

Scanned by CamScanner




Note that Ax is always positive in our experiment, because motion is always
in the same (pbsitive) direction. This means that the velocities are also
positive in this experiment.

Since the tape moves as one unit, all points on it have the same velocity and
acceleration at each instant during the motion. Therefore, the motion of any
dot on the tape is representative of the tape's motion. Let us choose one of
the first few dots left on the tape by the ticker timer, and analyze its
subsequent motion by measuring its position with respect to its initial

position (directly under the timer's hammer). In what follows we will refer

to this dot as the 0t point.

Let the initial time fo = 0, and the initial x-coordinate and velocity of the
0th point be Xo = 0 and Vo = 0, respectively. At a later time i=1,223..),
the dot's position and velocity will be denoted by X; and V;, respectively.
The dots on the tape will be used to analyze the motion of the 0th point.

Table 4.1 shows the definitions of quantities, their symbols, and the

equations used in the analysis.

Figure 4.1: Ticker Timer.

ail
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IIL. PROCEDURE

SEE TABLE 4.1 FO

1.

7.
8.
£

. Count five dots after the 0t point and circle the last one. At this point

R THE USED VARIABLES

Thread a ~1.0 m tape through the ticker timer and under the carbon

disc. See Figure 4.1.

Connect the ticker timer to the electrical power source.

While the ticker timer is turned on, pull the tape while

simultaneously swinging your hand in a random fashion to ensure

that the resulting acceleration of the tape is varying in ma gnitude and
direction.
Make sure you have at least 50 clearly defined dots on the tape before

starting the analysis.
. Usually the first few dots on the tape are not well defined and you
can neglect them. Draw a circle around the first clearly defined dot;

this will be your reference 0 point (Xo = 0, fo = 0). See Figure 4.2.

t1 = 0.1 s. See Figure 4.2.
Repeat the above step for £2=0.2s,t3=03s, ..., tin=1.0s.
Measure X; by a ruler. Record the measurements in Table 4.2.

Calculate AX;. Record the results in Table 4.2.

Note: ;

The displacements AXi, AX>, AXs etc., are covered in equal time
intervals, At = 0.10 s, and their values should be filled in squares in
Table 4.2 corresponding to the center of the appropriate time interval.
For example, the values of AX1, AX>, AX3, etc. should be filled in the
Squares corresponding to t = 0.05 s, t = 0.15 s, t = 0.25 s, etc. This is

b - : .
ecause we will approximate the instantaneous velocity at the center of

at : .
time interval by its average over the interval.

52
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Table 4.1
Note that all quantities (position, displacement, velocity, and acceleration)

in the table are those of the 0th point

Symbol | Definition and Notes

t; Time taken by the 0th point to reach position X;.

X; Position of the 0th point with respect to Xo at £

At Regular spaced time intervals to study the motion.
At =ty - 1

For this experiment At=0.10 s.

AX; Displacement made by the Oth point during At.
AX,‘ b Xi - X,'-1

In this experiment, AX, is always a positive quantity

<

Average velocity
.
At

7, =

V

i has the same sign as AX. Therefore,vi is always a positive
AV quantity.
Velocity difference due to change of average velocity during At.

AVi = ‘7;1 _Vi

AVi may be positive or negative.

|

i Average acceleration, and defined as the velocity difference per
unit time interval At,
_ AV
ai -
At

4; has the same sign as AV,-. Therefore, it can be positive,

negative, or zero. A negative sign indicates a decrease in velocity

with respect to the previous one. Its absolute value will

determine the maximum and minimum accelerations.
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IV. DATA ANALYSIS
A) AVERAGE VELOCITIES AND ACCELERATIONS
» Answer the following questions
From your recorded measurements in Table 4.2, can you determine during

which time intervals the average velocities and accelerations are maximum?

minimum?

Velocity

Time interval during which the velocity is maximum:

Time interval during at which the velocity is minimum:

Acceleration

Time interval during which the average acceleration is maximum: ............

Time interval during which the average acceleration is minimum:

1. CalculateV,,AV;, and @, .

2. Record the calculations in Table 4.2.

Table 4.2 - Useful Notes V
- The average velocities ( ) are computed for equal time intervals of

At =0.10 s and entered in the squares corresponding to the centers of

the appropriate intervals (similar to the AX;'s).

The successive velocity differences AVl,AVz, AV3 etc. occur over

equal time intervals of At =0.10s.

The velocity differences AV,- and the corresponding average

accelerations are entered at times 0.1 s, 0.2 s, 0.3 s, etc.
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Note:

To determine maximum and minimum ave

V= A% and Af is constant for all displacements. Therefore, V oc AX. That

rage velocities we know that

is, maximum (minimum) average velocity occurs in the interval in which

the maximum (minimum) displacement was made.
.- _AV . o 1
Average acceleration, @ =—, is a function of velocity difference. Hence,
At
to determine maximum and minimum accelerations we should look for
two successive time intervals:
Acceleration is maximum when | AV;| is the largest.
Acceleration is minimum when |AV;| is the smallest.

Acceleration is zero when AV is zero.

50 =
-—-L = 0,072
Sao
oL = ».1 S
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Table 4.2

Index

AV,

ti Xi AX; i 1 a;
(i) (s) (cm) (cmn) (cm/s) | (cm/s) | (cm/s?)
0 0.00 O ¢m
0.05 Vb cm | W\ ems
1 0.10 Vo) em | C cmry | Se enk?
0.15 .6 cm \4 Crmls
2 0.20 2.7 cm 4 €/ bo  cmiQ?
0.25 Z) Cm UL C /e
1
3 030 1/\ l(/,\ . Cb CM/(, %O cmr
0.35 - .
-4 0.40 ~ o ¢ | emss | %0 cali”
0.45 — -
5 0.50 AR IR \2cmrs| 120 Corss’
055 S\‘.)\ c LU cm/ .
6 0.60 705 ¢ \M emrs | [Ue cont
065 \; 7 2 j/ (D) Crls
7 0.70 2YU.3 o \fg Cnlx l%Ocrh/‘aT
0.75 g ben| g¢ cm | ‘ \
8 10.80 27 A \3 cris | 1% cass’
0.85 AAQ cu| AA |
? 0.90 U2 Bcm -7 cmls | =To crrs?
0.95 A cn| AL en |
10 100 | 5o ..
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B) ESTIMATING THE INSTANTANEOUS veLocIiTy FROM THE
MATION OF AVERAGE VELOCITY.

0.6s.

APPROXI

1. Compute the instantaneous velocity at t=
ble 4.3 as listed in Table 4.2

2. Record the data of XinTa
calculate V and

3. For each time interval (3rd column in Table 4.3),

record your result in the last column of the table.
Table 4.3

t(s) X (cm) At (s) AX (cm) ¥V (cm/s)
Ts=0.5 Xs= |24 ¢~
T7=0.7 Xo= 2R cn ol 2.7 em 6‘ CM/s
t4=0.4 X4= 7‘51 M
ts=0.8 X8= 37.4¢n s 3 75 cm 615 cn/fs
503 | X3= Y4 acm =
tg=10.9 Xo= U2.% cm O 2% Cm 6%.17 ol

» Answer the Following questions: -

Considering your data analysis from your paper tape and the-calculations i

' ns in
Table 4.3, can you shrink the interval At' to less than 0.2 s (keeping t; at th
center of the time interval of the calculation)? Explain B

yvesu. becanon.. B ios)ma hanrowy. Ve laciky . s \
Medncrky. s, eql.......

---------

.....

...........

.........
-------
-----------------
--------
--------
-------
.......

Vit (1) = Vinst (t) =....6. 1. Sms
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C) X-t GRAPH
Using the data in Table 4.2, plot X versus . Label your axes and include

their units. Connect the points with a smooth curve (Don't use a ruler). The
slope of the tangent to the X-t curve at a given instant represents the
instantaneous velocity at that instant. The X-t graph can be used to
determine:

_ The instantaneous velocity at any time during the motion.

_ The average velocity for any time interval during the motion.

_ Time intervals during which the moving object is stationary, speeding

up, or slowing down.

» Answer the following
a) Calculate the instantaneous velocity at t = 0.6 s from the slope of the
tangent (Figure 4.3) to your X versus t graph at t = 0.6 s. Show your

calculations in detail on your graph.

' AX
Slope:Xt—

X(cm)
memmmgmme
>

t=06s 1)

Figure 4.3: Displacement versus time (non-uniform motion):

= .06l S.
Vinst (ti)= Kﬁ‘é? ........ cm/s.

=N
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Compare the calculated instantaneous velocities with the value from Table 4.3.

Lrocr.. bable A C—.‘wz....ms}.-m.%.qo.ew.s....\Ja,\s».eib...e.q.w\.:..éf.f.m/f.
and. Alom.... é.L:....g:.».eh...Be}.w.ze?n(.xd)....V.m>..=..65.'.6.7...<.3!:7/.: ...........
bl ua\ags.... 006 clate. dooench L pblal S

rvals does the velocity increase, decrease, or remain

b) During which inte

constant? Mark the correct answer for each time interval by a (¥) in
Table 4.4.
Table 4.4
~ w | |e [ | [2 |2
Slialdals (SIS |22
' S E2R3 38223
S S S =] =] = S <)
Increase \ ~ | N 7 O | \7 ~ |\
Decrease
Constant

D) V -t GRAPH
Refer to Table 4.2 and plot a histogram of V versus time. See Figure 4.4

below. Label your axes and include their units.

Instantaneois [}
velocity at t; \
o i |f \ BRA
‘va \ { \ ll
Q i
S TR
= 1L
! \
1
!
M
ti—l tf tf+1
Time

Figure 4.4: Histogram of V' versus ti
' : me.
The height of the darkened line represents the value of the instantaneous velocity at .

A velocity-vs-time graph can be used to determine:

The instantaneous velocity at any time.
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The total displacement from the area under the curve.

The acceleration from the slope of the graph.

The intervals during which the velocity is constant, increasing, or

decreasing.

In your histogram, connect the successive mid-points of the horizontal

segments with straight lines.

By joining two successive mid-points with straight lines we are assuming

that the acceleration is constant during the intervals separating the points.

Therefore, the calculated average velocity for the time interval [#-1,ti+1] will

equal the instantaneous velocity at the middle of this interval, at t. See

Figure 44.

» Answer the following:

a) Use the graph to determine the value of the instantaneous velocity

at t = 0.6 s. Show your work on the graph.
Vinst (F=0.68) = ... 8 cm/s.

Compare with the instantaneous velocity from Table 4.3 above. Discuss.

..... VTR T 7Y TR AR R o W B S L v 10 U
LN G.{F!?......f‘/.\i.%.\"f;\:@;,! ....... S C S FAT VA S S kles ace .
ceamal ke eadnathadi

b) Determine where the velocity is increasing, decreasing, or

constant. Indicate the correct answer for each time interval by a v

in Table 4.5.

Table 4.6
LD LD 7o) LD
S |9 |2 | ¥ |8 |8 IR |8 |8
t(s) > | S |2 |8 | |° |s |S |°
1 1 1 1
Lo L6 To) 0 0 )
S |2 |d |8 | = |8 |<¢ |B [
Inc :\, S N = = = = S S
e NN AN \ ~N N \,
Decrease
= - N
Constant
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V ' igure 4.5 below.
calculating the area under the V -T curve; Se€ Figure

Record the area in Table 4.6. This area represents the displacement

made by the 0t point during the chosen time interval.

t

Wi

~ Velcoity
W

Wik,

N

—
7 Time

o~

Figure 4.5: Finding the displacement from the area under the Velocity-Time graph.

Table 4.6

L= o040 5 tf= a. % ¢

2

L
Area under the curve from V-t graph= 7.7 +~ = / 5.2 e
Displacement from the paper tape = = 1 /

e LS

Do the two measurements agree? Discuss/

yes ., becavnse (-Lg /e

waedr Rl Cwrne e Rqual Fo

Fhe integratign oF (3 Velooyy (V) Elab  ie cawd ko

JANY Y is placereal:

E) a-t GRAPH

Refer to Table 4.2 and plot a versus t. Label your axes. The a-t graph can be
used to determine the maximum and minimum accelerations.
Record your results in Table 4.7.

Table 4.7
Maximum Acceleration Mifiimum Acceleration
Aunax 1B (), Ain = 7/170 G 251
(o= o7 o =7 o f <
62 />
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SpecIFIC HEAT CAPACITY OF METALS

LAB REPORT

Date .. 27/ 320 i

Name .. Khaled..._.alzan9¢7........ Partner's Name . Lbsshic... ghath

Registration No. Registration Nc

SecHON oo ™ e,

I. PURPOSE .
To determine the specific heat capacity of a metal sample using a

simple calorimeter.

IT. INTRODUCTION:
Heat is a form of energy. When two objects at different temperatures

exchange heat in isolation from their surroundings, one observes that the
two objects reach a common final temperature, a condition called thermal
equilibrium. We say that heat flowed from the hotter object to the colder
one.

In thermodynamics femperature is a relative measure of the hotness (or
coldness) of an object or a thermodynamic system.

If a system in a given phase, at initial temperature T, absorbs (loses) an

amount of heat Q and does not undergo a phase change, its temperature
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increases (decreases) to a final value Ty Experiments show that for a wide

range of matefials and temperatures, Q is proportional to the temperature

difference AT = T¢- Ti.

The proportionality constant is called the heat capacity C. We thus write
Q=CAT (11.1)

That is, the heat capacity of a given quantity of a substance (at a given

pressure or volume, in a given phase) is the heat flow to the substance

required to raise its temperature by one degree Celsius (without changing

its phase).

In MKS the unit of heat flow is joule (J)

The calorie (cal) is another unit for measuring heat flow, defined as the

amount of heat necessary to raise the temperature of 1 g of water from 14.5

*C t0 15.5 °C at a pressure of one atmosphere (1 atm). 1 cal =4.18 |

Thus, the MKS unit for heat capacity is J /°C or cal/°C.

For a substance in a given phase, at a given temperature and pressure or
volume, we define its specific heat capacity, denoted by c, as the heat flow
needed to raise the temperature of 1 g of the substance by 1 °C. The MKS
unit for heat capacity is J/g.°C or cal/g.°C.

For example The specific heat capacity of water, at constant volume, is

cw=1cal/g.°C

Clearly, the heat capacity C of M grams of the substance is related to the
specific heat capacity of the substance by:

-
= (11.2)
Therefore, Equation 11.1 can be written as:
Q=cMAT

(11.3)
In physics, the process of measuring heat transfer is called calorimetry and

is em :
ployed, among other things, for the experimental determination of

122
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specific heat capacities of substances.

In this experiment, a metallic container, with known mass (M) and known
specific heat capacity (c1), is filled with water (mass Mw). This is our
calorimeter. The calorimeter (container + water) is initially at a given
temperature, T:, usually room temperature. A piece of the substance (a
metal here) for which we want to measure the specific heat capacity is
heated to a temperature T2 > T, and then immersed in the water. The metal
loses heat to the calorimeter and the metal-calorimeter attains a state of
thermodynamic equilibrium, reaching a common temperature 1.

Assuming that heat losses out of the metal-calorimeter system are
negligible, the zeroth law of thermodynamics states that the heat gained by
the (container + water) is equal to the heat lost by the other part of the
system (the metal piece).

Measuring the final equilibrium temperature, Tj, the specific heat capacity of
the metal can be calculated.

The calculations are simple and detailed in the following;:

Heat flow to the calorimeter = Heat flow from the piece of metal

Qgainea (by calorimeter) = - Qus¢(by metal) (11.4)
Using Equation 11.3, we can write
(Mic1+ Mucw ) (Ty- Th) = Maca (T2 - T (11.5)

where M1, My, and M, are the masses of the container, water, and piece of
metal, respectively. c1, c,, and c; are the corresponding specific heat
capacities.

Defining the variables:

X=Mic1+Mycy,, Y = T¢-Ti,and Z = T» - Ty (11.6)
We have
o = XY
2 S M, Z (11.7)
123
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[II. EQUIPMENT
A double-walled calo

rimeter (made of Aluminum) (Figure 11.1)
Thermometer - Metal piece - Balance

Water - Beaker - Heater

- e
| N

2 3
2
|
|
1. Insulator 2. Outer cup 3.Inner cup 4. Wooden cap
Figure 11.1: Double-walled calorimeter.
IV. PROCEDURE

The metal samples to be used in the following procedure have been

immersed in a pot containing boiling water for a sufficient time, prior

to the start of the lab.

Record all your measurements in Table 11.1 below.

. Weigh the mass M; of the inner cup. Pour about 50-60 g of tap water

(mass M) into the cup. Allow the cup and water to reach thermal

equilibrium.
Measure the common temperature of the water and cup (Th).

Measure the temperature of the boiling water (T2), which is also the

temperature of the metal sample.

Quickly Transfer the metal sample from the boiling water into the
calorimeter cup. Stir well.

M .
easure the final temperature (T}) of the metal-calorimeter system;

124
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this is the maximum temperature reached by the thermometer within

a few seconds after the transfer.

6. Remove the metal sample from the calorimeter, dry it, and weigh it

(Mz).

IV. DATA ANALYSIS
1. Using equations 11.6 and 11.7, calculate the specific heat capacity of

the metal (c2). Record your calculations in Table 11.2.
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Table 11.1

Symbol | Definition Measurements Units Errors

a Specific Heat Capacity of Calorimeter | 0.22 cal/g°‘C |-

Cw Specific Heat Capacity of Water 1.00 cal/g°C |-

M Mass of Calorimeter Us. 79 g AMi= 4 .,
Mass of Calorimeter + Water (Ma=

My g AMg = o-al
Mi1+My)

M, Mass of Water (Mg, —M1) =7 W g AMp= o6 oV}

Th Initial Temperature of Calorimeter |7 ATi=  o.25

T, Initial Temperature of Metal o °C AT:= | 4¢
Final Equilibrium Temperature for

Ty 24 "C ATy= 615
Calorimeter + Water + Metal

M, Mass of Metal 99.9 g AM2= & o\ Y

[ Digi¥al)
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4 (MW Cw Q) (Te-Ti) = Ol ( Vo -Tc)
@ _
./ X (ﬁw(w+"'"c‘) ) ’ X 7 - T -Tc
, s K 2
x s (77405 1) £ (77T 22 — . A2
(X = 87T-M8An Table 11.2 2 A7)
87,‘18‘\"\u6.5

W

/
X= ¢7.489Y  Cal/c w67

= _ X8 . o.0%d \/g.¢
Y é'5 c’ “ M2 /

Z= 7é7 C-,

9 Use the relations in the table

below and calculate the error Acz, and

express your final result as c2 £ Aca.

. . = M,—”-F—_
3. Record your calculations in Table 11.3 belOV\{/-,;w_‘;"'[( IR ( 0:353 )1 +(°R” : )'z"
ACa = ‘.: ( g2 9.4 GAM ‘ £ 67 B

2 \
AX2 (AYY? (AZ) (AM, ) - s
= %) +(F) (% (WJ e

J

AX = J@UAMw)2+(C1AM1)2 E ".”‘{{ ‘:'3 ety - (27 +o,al,1

e T ——"

2

—

\) ‘,{"‘(2)’31 +(O(2$ 3

U

AY = J(aT;)? +(aT; )?

AZ = J(AT,)? +(aT; )?

- (1) £ (o 29

Table 11.3

AX= Is) -o\%Z? Cq‘/(,a
AY = 0'353g Ca Acx = C)-d-g Hg C‘\\/q.z

AZ= 0.3535 ¢°
ctho= (o:o%- 546 STOURY 2
005 /;M)(:u'*‘l)‘{,) —~ (o.ogaq,oJ,q&)

4. Referring to Table 11.4, what is your metal sample? (Show your

calculations in detail)

............

.......................
...............................................................

----------------------------------------

--------------------------
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Table 11.4

etal Symbol | Specific heat (/g °C)
[ron Fe 0.449
Lead Pb 0.129
Magnesium Mg 1.023
Copper Cu 0.387
Aluminum Al 0.900
Gilver Ag 0.235
Silicon Si T 0.703
Tin Sn 0.540

5. What will happen to the heat capacity and specific heat capacity of
your metal sample if its mass is changed by a factor (.. %....)?

Record your answers in Table 11.5.

Table 11.5

Came Change Factor= 72
Physical Quantity Effect Value

bet.c. | Specific Heat Capacity

(= ™M¢ Heat Capacity

A 6. Discuss the possible sources of errors in this experiment.
. 5 ) Cal /e

--------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

7. How much heat is gained or lost for the given metal under the
conditions specified in Table 11.6 below. Use the information from

W s Mg S DTTabIe 11.4.

Table 11.6
Metal Coppes Initial temperature || o ¢°
Mass q9.9 q 3Fina1 Tenr{l;grature | 24 ¢°

Ha-macapT

- A4q.q4 y 0085 [24-9t)
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EXPERIMENT 3

VECTORS - FORCE TABLE

LAB REPORT

Date ./ 3/.20)3 ...,

Name .K'm'lﬂ....ﬂ.'.1n1$¢ﬁ........... Partner's Name .......00———e.nn..

Registration No. Registration No. .... s

Section ...\ oooeeieee Instructor's Name . £am.. Dase.....

I. PURPOSE:
In this experiment, you will subject an object (a ring) to two (three)

horizontal forces whose resultant is not zero, and experimentally determine
the third (fourth) force that will balance them. You will also determine this
force (magnitude and direction) computationally and graphically and

compare your answers. Thus, you will apply your knowledge of vector

addition in a practical setting.

II. INTRODUCTION - THEORETICAL BACKGROUND:

Physical quantities can be classified into either: (i) scalar quantities, or (ii)
vector quantities. A scalar quantity is defined by its magnitude only. Mass,
length, and time are scalars. On the other hand, a vector quantity is defined

by both magnitude and direction. Displacement, velocity, acceleration, and
force are vector quantities.
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algebraically. But in vector addition,

ntities is done . ;
a cation. A vector quantity 1s

Addition of scalar qu

i ' side
ave to take directions into con

h ;
e g in the direct10

n of the vector, with its

represented by an arrow pointin

of the vector.

d by a single
When multiple forces act on an object, they may be replaced DY g

), which 18 their vecto

length proportional to the magnitude

R m. The effect of the
force called the resultant (R r su

result;ant is equivalent to the combined effects of the forces.

Vector Addition

Graphical Methods

To represent a vector in two dimensions on graph paper, two pgrpendicular
axes are set up on the paper. Each axis represents a direction in actual two
dimensional space. The length scales for each axis are chosen such that the
arrow representing the vector fits within the graph paper (see Figure 3.2).

If the scales of the two axes are the same, then the angles made by the arrow

on the graph paper with the two axes are the same as the corresponding

angles of the actual vector in real space. Otherwise, the actual angles of the

vector cannot be determined from the graph and must be calculated from

the vector's components.

To find the sum or resultant of two vectors Aand B, two graphical

methods, the parallelogram method and the triangle method, are used to

- Parallelogram Method

In this method we draw A on the graph paper. Then, from the tail of A, we
draw a vector equal to B. Next, we complete the parallelogram formed by

these two vectors. The resultant, R = A+B, is represented by the arrow

pointing along the diagonal of the parallelogram (Figure 3.1a), beginning at

the tails of A and B (vertex a) and ending at the vertex ¢ (i.e. vector JC)

Thu . o
s, the magnitude R and direction, respectively, of the resultant can be

38
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determined directly from the length of the diagonal arrow and the angle 0 it

makes with A .

- Triangle Method
An equivalent method of finding Ris to place the vectors to be added "head
to tail" (head of A to tail of B, or vice versa, Figure 3.1b). We can move a
vector around on a graph sheet as long as it retains the same magnitude and
direction. The resultant is this case is represented by the arrow pointing
from the tail of A to the head ofB (Figure 3.1b). Just like in the method

above, the magnitude and direction of the resultant can be found directly

from the arrow Ob in the triangle.

a) Parallelogram method b) Triangle method

Figure 3.1: Addition of vectors.

- Polygon Method (Three or more vectors)

If more than two vectors are to be added, the head-to-tail method forms a
polygon (Figure 3.2). Figure 3.2 shows addition of four vectors; the resultant

R=A+B+C+D is the vector arrow from the tail of the vector A to the

head of the vector D . The length (magnitude) and the direction of R can be
determined from the figure.
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Figure 3.2: Polygon Method. Addition of more than two vectors.

Analytical Method (Method of components)

Let A be a vector that lies in the xy plane (i.e., has no component along the
z-direction), with x and y components A, and Ay, respectively, as shown in

Figure 3.3 below. We have:

A, =Acosb 31
A, = Asin® (3-1)
where 0 is the angle that A makes with the positive x-axis, measured

counterclockwise (6> 0).

Denoting the unit vectors in the positive x and y directions by and 7,

respectively, we have:

A= AcosBi+Asin0] (3.2)

[ BaRavEsanRERnNERs

Figure 3.3: Components of a vector.

40
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/ In order to find the vector sum R of a set of vectors A, B, C, etc... in two
dimensions, we follow the following steps: ‘

c¢) Find the x and y components A, By, Cs ... and Ay, By, C, ..., for each
vector using the above equations.

d) The components can be positive or negative depending on their
direction.

e) Add up the x and y components, respectively, to get the x component
(R;) and y component (R,) of the resultant:

R,=A,+B +C +:

(3-3)
R, =A,+B, +C +

s 1/2 1/2
Now, the magnitude of R, denoted simply R, is: R = (Rf +R§) / (Rf +R§)

and the direction of R is defined by the angle 6 it makes with the positive x-

axis, measured counterclockwise.

0= tan“{%) (3.4)

II1. EQUIPMENT

1- Force table - Figure 3.4

2- Four weight holders 3- Four pulleys

4- Different weights 5- Different strings
6- A ring 7- A protractor

The force table, Figure 3.4, consists of a horizontal disc whose rim is

! graduated in degrees from 0° to 360°. The pulley clamp has an indexing
" mark to indicate the angle at which the pulley is clamped.

41
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v

Figure 3.4: Force Table.

IV. PROCEDURE - PART 1
1. On the force table:
- Clamp two pulleys at the rim of the force table such that one is at an
angle of 30° and the other one at an angle of 120°. Hang from the former
a mass m1 and at the latter a mass m2. The values of m1 and mz will be

provided by your instructor. Fill in the table below.

Fi=wi=mg=lex2falodl. N | 61= 30°

lQoD
Fr=wy=mag = 152,225 02 =120°

[oae

g is the acceleration of gravity:a:n;i is approximately equal to 9.80 m/s2 near

the Earth's surface. The force diagram in Figure 3.5 shows the forces.

42
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_With the use of a third pulley and a thi

magnitude and direction of the equilibrium force t
librium position. This third force is called the b

Figure 3.5: Schematic setup of forces in part 1 (

for the case mi1 <1M2)
rd hanging mass find the

hat returns the ring to

alance force; it is

the equi
equal in magnitude and opposite in direction to the resultant of the two
forces.
V. DATA ANALYSIS - PART 1
Find the resultant of the above two forces (magnitude, R and direction, 6g)
by:
a) Experimental method (Force Table)
Balance force (B)= A\ 8s. xg= -%.L, 9L T84 N = 257"
Resulfant R)= 185, xg= \A;Z,% A0 N Or = D:f» 125 = 25:f<@-, ¢7° I -
b) Method of Componer
FreFixtFu ...
B2 Fien0k Fisd] Bn b s LGl 26 e Bisingy v FrseDs
Fr.ze ez aatiend L e i 3-SR I, B s SUUUN WU B S IPON-RYs IV SR T e

—\’:'...-'....Q:.gﬁﬂ ............

....E@.q.JLiEg)E+ (£F)
........(-—..&.?..\f(o.z.lJ}:)1 1 (V7630

(Co. 1767 1)

Or -t (::Ei;\ _Eas {’Q-‘ff)
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¢) Graphical Method

use the plot sheet 1 ge. Follow the rules

n the next pa

For this section,
ed in the introduction of this manual.

explain
R= R T3 AT
Or = .. 863 ....................................... B

Scanned by CamScanner



S
A \
N LY
g \

i N
f \\QJ P
|
|

N
X

Scanned by CamScanner



-PART 2
VL PRQCE?URE of the three

i resultant
1. Follow the procedure in part 1 above tO find the

forces with directions as shown in Figure 3.6.
Use the rhassesrm, mo, and m3 (provided by your instructor).
Fill in the table below.
Fi=w1=mg= %ff.»s‘i.%a. N 01= 320
Pz=wz=ng=.L\%.a?.-$.;..N 02= N uo
F3=w3=m3g=_}.°8£.*f\.f5..:MN 3= ZI5

Figure 3.6: Setup of forces in part 2.

VIL. Data Analysis - Part 2
1. Find the resultant of the above three forces (magnitude, R, and
direction, 6R)

a) Experimental method (Force Table)

Balance force (B)= | .740. x g= 2%43% =245, N [05= |2%°

\eoo

Resultant (R)= 252.xg= . .245. ... N Or= [8o- 125 = 55°

b) Method of Components

.........
------------
---------------------------------
---------------------------
-----------
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—1 s haxt by ALEx5.0:849 %.70:.735, #4247
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a2 )Mk res 1 EXE Lebya kusinlos 51500, 5 F 5505 .
RS S NI LTS R 7 5 S ¢ WA F S oo
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— L L e

e LT 2 b8 R 2 M A
.......................... ¢ ....F;'F'.:{‘.{.g’:.p‘; b [—2.53...

.............. £ o

/"“l“m"'; .........................

{9 i L. L/r,?
¢) Graphical Method tJ s =25 /

Use the graph sheet on the next page. m rules explained in the

introduction of this manual.

2. State and discuss three sources of error in this experiment.

-----------------------------------------------------------------------
------------

-----------------------------------------------------------------------
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EXPERIMENT 10

BOYLE'S LAW

LAB REPORT

Name .. K haded... Dl Mastr..

Registration No.

Instructor's Name . Erae... Dane.

I. PURPOSE:
To verify Boyle's law for a trapped gas at room temperature.

IL. Introduction
According to Boyle's law, the pressure of a trapped gas at constant

temperature is inversely proportional to its volume,

A force F acting perpendicularly to a surface with area A exerts a pressure
given:

P=F/A

(10.1)
In MKS the unit of pressure is the Pascal or Pa=N/m2

It can be shown that the pressure exerted on a surface by a column of fluid
of density p and height I is given by:

P=pgh (10.2)

The atmospheric pressure at a given location is due to the column of air

- 115
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d its value at sea level, at T = 20 °C, is 101 325 PE\
nd i

tion a ‘
above that Jocati the pressure of a column of mercury 760 mm high.

[NIST]. It is equivalent to

103
| aton = 101 325 Pa =760 mmHg (10.3)

i iS
I i i O O ° W e g

of collisions each
trapped in a container, the incessant and huge number

. . - t
ainer's walls will exer
second between its molecules (or atoms) and the cont

. ] « ]
= ] E g

for a trapped gas-at constant temperature, as follows:
P V = constant ~ (10.4)

The standard apparatus to investigate Boyle's law is shown in Figure 10.1.

It consists of a glass tube BC, of uniform cross-sectional area A, closed at the
upper end B and open at the lower end C. The lower end is connected by a
length of rubber tubing CE to an open glass tube DE. When mercury is
poured into the tube, air is trapped in the closed segment BX of length L of

the left tube. A fixed meter stick, placed between the two tubes, is used to

read the mercury levels in both tubes.
e The volume of the trapped air is V = AL.
* The pressure of the trapped gas P, measured in units of mmHg, is

P, + h, where P, is the atmospheric pressure in mmHg, and

h=Y - X is the difference of the mercury levels X and Y in the two
tubes.
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-|--a..l——n-‘-o-i-o-‘——n-{-n-{-n-l-a-‘-o{_

Figure 10.1: Boyle's law apparatus.

II1I. EQUIPMENT
Boyle's Law Apparatus, thermometer.

IV. PROCEDURE

I

Notes: a) The tube BC is held fixed throughout the experiment.
b) Start with the right-hand tube DE at maximum height.

Record the position of the closed end B of the tube BC.

Measure room temperature using a thermometer.

Record this temperature in Table 10.1 below.

Change the volume of the trapped air in the BX segment by lowering
the tube DE.

. Record the scale readings X and Y in Table 10.1

Calculate L = B - X (the length of the trapped gas column) and

h=Y-X (the difference of mercury levels)

Repeat steps 3-4 for a total of eight times,
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Table 10.1

meerature = 20 °C
B= 3%5° mm _
=B - 1/L ~ lo
Scale Readings | h=Y-X L=B-X / ;
(mm) (mm) (mm) (mm)
X Y
=%
281 oo 519 69 [U4.5 # (s
-3
276 7e0 V\(ZV\ 7L’ ‘3~5 s la
-3
271 | b 329 79 [5>.6 * lo
=g
262 | 5ee 23%% 25 V13 o+ e
253 | - 147 47 I
2\/H - SU\ =N .| # e
V.DATA ANALYSIS

1. Plot h versus 1/L. Use the graph to find the value of the atmospheric

pressure P, £ AP, in units of mmHg.

-------------------------------------------------------------

---------------
-----------------------------------------------------------------------------

-----------------------
---------------------------------------------------------------------

2. With the value of the atmospheric pressure known, you can now
calculate the pressure P of the trapped air for each value of h, using

the relation: P = P, + h. Calculate the quantity PL for each (i,L) pair
and enter the values in Table 10.2 below:
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Table 10.2

L (mm) h (mm) P=P,+h(mmHg) |PL (mmHg . mm)
49 G\ 4 = Joo+5q 21219 | = [2)A60= 8I%x(i
24 A -0 +Y2d = (174 | = WV =24 = £y vle
79 29 _Joo #3274 = le2q | =lel1 72 B o
3 % 58 = oo £233:%% | = N3G w28 = B+
o7 \ 47 s Top HIU7s BUT | = BWT £ NT 2 BAs

lo A Se C9ep £54 = B4 | 7 79 el R4

—
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EXPERIMENT 5

FORCE AND MOTION

LAB REPORT

Date ...... ok T i Y5 SO
Partner's Name T0mbizn, . 9kaSth
Registration No. ...

r
Instructor's Name Ernn, Panr

I. PURPOSE

To verify Newton's second law for a mechanical system moving in one
dimension, specifically, the — ationship between the acceleration of the
mechanical system, its mass, and the net force, acting on it. Two cases will
be studied:

1- The net force is kept constant.

2- The mass is kept constant.

I1. INTRODUCTION - THEORETICAL BACKGROUND
Newton's second law of motion gives the relationship between the mass of a

mechanical system (i), its acceleration I, and the net (resultant) force, Ft
acting on it:

-

E, =ma (5.1)

where F,,,,,I =ZF'_-ﬂ , is the vector sum of all external forces acting on the
object.

63
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orce it is inversely

proportio 4 cart on a horizontal

[n this experime

surface, connected b

ystem consists of

g over a pulley to
art can be used to add

nt, the mechanical S
y a light string passin
A pin on the top of the ¢

a vertically

hanging mass (Figure 5.1).
mass to it using slotted weights.

minimize the effect of friction between the cart and the surface,

In order to
urface, rendering

an air track is used to provide a cushion of air above the s

it essentially frictionless.
ith ‘many tiny holes punched

y blows air through

The air track is an aluminum surface w
regularly through it. An electric air blower continuousl

these holes to form the cushion of air.

photogates

(' '
AN .|
|
blower > 1,
-t nt, EEH

Figure 5.1: Air Track - Experimental Setup

7
7 lg 74

and the hanging mass, respectively.

All parts of
th
' e system move together with the sa i
acceleration at every instant ey and

Applying New
ton’s second law to
the cart (with the
addEd maSS) and
the

64

of a given mass is di_recﬂy\
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hanging mass, respectively, gives:
T=(m.+m;)a (5.3)
myg-T=mya (5.4)
Where g is the acceleration of gravity, and T is the tension in the string. Note
that the tension on both sides of the pulley has the same value, because we
consider the pulley as massless and frictionless.
Adding Equation 5.3 to Equation 5.4 gives
my g = (M + ma + my) a. (5.5)
Equation 5.5 can be thought of as Newton’s second law for a system in
which the string and the masses m1and m; are thought of as one single
object with a mass equal to the total mass of the system, (mc + mg + my). The
only external force is the weight of the hanging mass: Fnet = myg, and the
tension does not appear in this equation because it is an internal force.
Since the acceleration is constant with time, its instantaneous magnitude is

the same as its average value, and we have:

Av  vy,-1
g=—=—=-——= (5.6)
where v1 and v2 are the instantaneous velocities at two different positions
along the path of motion, and Atis the time it takes the cart to move
between the two positions.

The velocities v1 and vy, are determined with the help of two photogates

located at the two positions.

When the cart passes between the two arms of the photogate, a metal flag of

width Ax attached to it blocks the infrared light beam. A digital counter

registers the starting time of the blocking ¢ and its duration At.

The instantaneous velocity v of the cart at the location of the photogate can
be approximated by:

o Ax
~ A (5.7)

65
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[11. EQUIPMENT

: k apparatus:
Air track app e _Air blower - Cart

d and leveled by the laboratory technician.

ments of the air track. If you have any

-Photogates

The air track will be assemble

Please do not attempt any adjust
or for assistance.

d with the following buttons:

concerns, then please ask the instruct
The operation of the system is controlle
_ START: starts the timer and simultaneously releases the cart by
deactivating the magnet holding it in its initial position. )
- STOP: stops the timer. N
- RESET: resets the timer before starting a new count.

- SELECT: allows to select the desired photogates.

IV. PROCEDURE - PART 1: ACCELERATION WITH VARIABLE SYSTEM MASS
AND CONSTANT NET FORCE

1. Measure the flag's width Ax of the cart to be used in this experiment,
and record its value in the appropriate tables.

2. Set up the system as shown in Figure 5.1 and note that

* The value of the hanging mass (my) is kept constant at 20 g
during this part to ensure a constant net force.
e No mass is added to the cart for the first run.

3. Press the RESET button.

4. Start the motion by pressing the START button.

5. Do not attempt to move the cart if the air supply is not turned on.
6. After the cart passes the third photogate, press the STOP button.
7
8
9

- Press the SELECT button to choose the first photogate.

. Press the t-button and read off the ¢ value for that photogate.

. Next press the At-button and read off the corresponding At value.
10. Record these values in Table 5.1 below.

11. Repeat step (3) for the other two photogates.

66
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12. Press the RESET button and set up the system for a new run.
13. Repeat steps 2 through 6 three times, adding 25 g to the cart each

time, thus varying the system's mass.

V. ANALYSIS OF DATA - PART 1
1. For each value of m,, use Equation 5.7 and Table 5.1 to calculate the

cart's velocity at each of the three photogate positions.

2. Record your results in the appropriate cells in the table.

Table 5.1

Ax=..... s FETRR cm mp,=20g

m;=0 m,=25¢g m,=50g \h&=75g

t | At v t | At v t | At v t \ At v
() | (8) | (cm/s) | (5) | (s) | (em/s) | (s) | (5) | (cm/s) (S)’E) (cm/s)
0o o Jolo| o [ofo] o [o|o\ o

~ \

o7sTl ot | 565 |ow] oo 5o || o] 76 |ost |osst Ty
{067 o.ozs 1769 [\ [ e N5 : ] (0256 | s | @fHT] AT S
3620 YL B [\WMU[ o= | A\E-T | : il (29 .03 ECY 3] RARY:

3. On one graph sheet, v versus t for each value of the added mass and
draw the best fit line through the data points.

4. Label each line with the corresponding value of the added mass m,.

5. Determine the acceleration (1) for each case from the slope of the

corresponding line, and enter your values in Table 5.2 below:

Table 5.2
) 7 (cm/s?) 1/a (s2/cm)
0 Wbob Cmig® 8-6 417
= AN s | Nerdne
>0 go  cm/S \2:9 v\ &
7 77 onlst \ 30 %\ 6™
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6. Plot m, versus 1/a. ke about the way the

graph what conclusion can you Im

7. Fom " m’s total mass?
celeration of the cart depends on the system s .
ac L » B O Ve R A A
Lle relakionthiP bebete.. £t acedlumkisn .2 [
plakion Thip.. .. PETER0 |
............... ¢ z |~1 -l- o--o---.cn-.--o---...
eni b and ke s.3>.H°—.rns.....L.9/:al ....... as5.....L4
Can.. Ve TR R

8. From your graph, find the mass of the cart, M.

.......................

V1. PROCEDURE - PART 2: ACCELERATION UNDER VARIABLE NET FORCE

AND CONSTANT SYSTEM MASS
In this part, you will use two photogates.

1. Set up the system as indicated in Figure 5.1, starting with

m, =230 gand m, =10 g.

2. Reset the photogates by pressing the RESET button.

3. Press the START button to start the motion.

4 Read off the times 1, f2, At, and At following the same procedure_
from part 1. Record your results in Table 5.3.

5. Repeat steps 2 through 4 three more times, reducing m, by 10 g and

increasing my, by the same amount.

VII. ANALYSIS OF DATA - PART 2
1. For each run, use Equation 5.7 and Table 5.1 to calculate the cart's

velocity at each of the two photogate positions. Record your results in

the appropriate cells in the table.
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Table 5.3
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calculate the average acceleration (a), where
7 For each rull

a=(v2- n)/ (t2- t).

di
our data for the hanging weight (118) and the corresponding

= 2 .
acceleration (1) in Table 54. (Take g = 980 cm /s?)

3. Entery

Table 5.4
. : ion a4
Hanging weight 18 Acceleration
2
(dyne) (cm/s?)
\c b C\SO [’\o.?(\ |
20 ¥ %0 63.57
30 o+ %0 - \i6 1
Uo * Ao ' 190 8C
l1dyne=1gcms2=105N

4. Plot a graph of the hanging weight (m;g) against the acceleration (a).

5. Calculate the slope of your graph. What does the slope of your graph
represent? f
......... B 8022 Y 908 oo
........ \Efwfc:«m\(’/\“’/jr\ : ‘:{

D e .\l

................................... Seerteeraeeeeranae et et essesrensneereenresnreesnesnrene

o
........... (

6. State and discuss three sources of error in this experiment. l{

........ O T Y72 d
T :’?

........ (.. Calseda¥ions RU0aCS oo |

........ (D2 PA52AEN LS oo, i

See also:
http:/ /www.phywe-es. ; . ) J
1199705, e/pll‘;‘;’;o::‘;::\/ index.php/fuseaction/download /lIrn_file /versuchsanleitungen/ ) ;'
g
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EXPERIMENT 7
SiMPLE HARMONIC MOTION
THE SIMPLE PENDULUM

LAB REPORT

Name ... oraded  Al-Mases

Registration No. Registration No.

Instructor's Name . §men.. dsac....

I. PURPOSE
To study simple harmonic motion of a simple pendulum and verify the

relationship between its length and period.
You will also calculate g, the acceleration of gravity.

II. INTRODUCTION - THEORETICAL BACKGROUND
Oscillatory motion is a type of motion in which a particle moves back and

forth over the same path. If the oscillatory motion repeats itself in regular
time intervals (periods), then it is called a harmonic motion There are

several types of oscillatory harmonic motions, simple harmonic motion (SHM)

being the simplest.

Two important characteristics of periodic motion are its amplitude and
period. Amplitude refers to the maximum size of the quantity whose

magnitude is oscillating with time, while period refers to the time interval

85 |
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i in. \
this quantity takes 0 return to a given value aga
There are several types of oscillato
SHM) is the simplest becaus

4 sine or cosine function of time).
oves back and forth

ry motions, among which simple harmonic
e its oscillatory behavior has the
motion (

simplest mathematical form ( |
the moving particle or object m

under the influence of a "restoring" force

lacement of the particle or

In this type of motion,
about an equilibrium position,
whose magnitude is proportional to the disp
object from its equilibrium position.
Two common examples of SHM are:
(1) the vibration of a spring that has been displaced from its equilibrium
position, and
(2) the oscillation of a simple pendulum about its (vertical) equilibrium
position, which'is the subject of the present experiment. |

Simple Harmonic Motion of a Spring
Consider the horizontal spring, with spring constant k, shown in Figure

7.1a. Its left end is fixed to a vertical wall and its right end is attached to a

block of mass m sitting on a smooth, horizontal surface.

x=0 ==
N
| e
@
WMAAA —
/!4 AR
|
. |
b | '
(o [I——
AL VR Rk
|
|
q(ﬁr!ﬂpm’-'i"'!i" :
(C) I VIRV VITREEY |

Figure 7.1: A block with mass m is attach i
LA ed to a horizontal spring. a) the spring is
stretched a distance x from equilibrium, b) the spring is relaxed, aid )c) the Is)pri;glg1 is
compressed a distance x from equilibrium.
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/ We call the position at which the spring is relaxed the "equilibrium

position". If we stretch or compress the spring (while the block is attached to
position and release it, the spring-block

it) a distance x from its equilibrium
ignore friction

quilibrium position. If we

system starts to oscillate about the e
tinue in its oscillatory motion forever.

and air resistance, the system will con

When we release the block, it will move under the action of the spring force

(Fs) which tends to restore the spring to its equilibrium position. This force,

also called a restoring force, is directly proportional to the displacement (%)

of the block from the equilibrium position (x = 0) and is given by the well-

known Hooke's law:

F,=-kx (7.1)
The minus sign indicates that the force and the displacement are always in
opposite directions.
Applying Newton's second law, we have
—kxzmuzmﬁzmiz—x (7.2)
dt dr’

Equation 7.2 is the characteristic equation of simple harmonic motion: The
acceleration @ of a body in a simple harmonic motion is proportional to the
displacement " % "and they have opposite directions.

Rearranging the above equation gives:

Pk
P (7.3)

We define the angular frequency of this SHM by:

0= |
= (7.4)
Equation 7.3 can be rewritten as:
Lx +@x=0
—+® =
At o x=0. (7.5)
87
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interest in physics and is called

yation. Its general solution is

' ial €
homogenous linear second order differential eq

given by: (7.6)

x(t)= Acos (t+9)

() represents the position of

where A and ¢ are two integration constants. X

" . : i t
the block at time £. It is clear that the position oscillates sinusoidally abou

the equilibrium position.

You can verify that the function x(f) is a solution of Equation 7.5 by

plugging it into the left-hand side of Equation 7.5 to check that it gives zero.
The constant A is called the amplitude, which is the maximum displacement
of the block from the equilibrium position. The angle ¢ is called the phase

constant. The term (ot+¢) is called the phase of the simple harmonic

motion. ¢ is zero if at t = 0 the displacement is maximum.

A plot of x(t) versus t is shown in Figure 7.2 (¢ = 0) below.

Position x

A

Figure 7.2: x(t) for a spring-block system. A is the amplitude of the oscillation.

- v

The ti
time needed for the block to make one complete cycle (go from
maxi I i

Imum compression to maximum stretching and then back to maximum

compression) is called the period and is denoted by (T). The number of

88
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f oscillations (complete cycles) that the block performs in one second is called

the frequency and is denoted by (). Obviously, f=1/T.
fis related to o by the following equation:

w=2nf=2nT (7.6)

In MKS, the units of ® are rad/s.

Simple Harmonic Motion of a Simple Pendulum

The motion of a simple pendulum is another example of simple harmonic

motion.

A simple pendulum consists of a mass 1 (also called the bob) that is
attached to a string or to a massless rod of length L. The string or the
massless rod is fastened to a frictionless pivot. When we displace the bob by
an angle 0 from the equilibrium position (8 = 0°) and release it, the bob will
start to oscillate (move back and forth) in the vertical plane about the

equilibrium position, as illustrated in Figure 7.3.

 frictionless pivot

amplitudeie ‘
:  \massless rod

bob's™ ~~ . _ L
trajectory massive bob
equilibrium
position

Figure 7.3: A simple pendulum.
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mgsin©

mg

Figure 7.4: Analysis of forces acting on a simple pendulum.

When the bob is displaced by an angle 0, as shown in Figure 7.4, twWo forces

act on it, namely, the tension in the string T

and the weight mg. Applying
Newton’s second law along the tangential direction:

d2
Y F, =ma, = -mgsin@zngE (7.7)

where s is the length of the arc subtended by the angle 6, and is given by:
s = L6; 0 in radians. (7.8)
The first and second derivatives, ds/dt and d2s/dt2, are: '

i - Lf_ZE d_zs= = @ 7.9
adtdt’da* 0
If 6 is small (i.e., for small displacement of the pendulum), then sin® ~ 6. In

this case Equation 7.7 can be rewritten as:

d*0
P (7.10)

Defining th =8 ' |
g the constant ® \/; » Equation 7.10 can be rewritten as follows:

o
2z T0o=0 (7.11)

Equati
quation 7.11 has the same form as Equation 7.5 above. Again this is a
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n and its solution is:
(7.12)

~ homogeneous linear second order differential equatio
i 0(¢) =6 cos(ot+9)
a(t) is the angular

¢ are two integration constants.
cal) position at

where 6o and
he pendulum from the equilibrium (verti

displacement of t
t & is the angular frequency of oscillation.
is a solution of Equation 7.11 by

t it gives

time t. The constan

You can verify that the function a(t)

plugging it into the left-hand side of Equation 711 to check tha

Zero.
tude of the harmonic motion, (wt+¢) 18 the

Here 6o is the angular ampli
f at t = 0 the angular

phase, and ¢ is the phase constant. ¢ is zero 1
displacement is maximum.

The angular displacement 6 varies with time, taking ¢ = 0, as illustrated in

Figure 7.5 below.
Angular
Position
0
0 — 7 —
5 Y - (Y o U S
Amplitude
0 ] 4 l
V \/ |
_eo__
— 7 —

Figure 7.5: Angular displacement 6(t) for a simple pendulum

The period, T=1/f=2n/® is given by:
T=2n \/z
2 (7.14)
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) m's mass. It n\
he period T does not depend on the pendulu S mass only
that the p

s on the length of the string and the a

Note cceleration due to gravity at the

depend

location of the experiment.

III. EQUIPMENT -
- Simple pendulum apparatus - Stopwatch — Meter stic

IV. PROCEDURE
1. The length of the pendulum (L) is the distance between the point of

support to the center of mass of the hanging bob. For the length in the
first trial use a value L1 (to be given to you by your instructor).

2. Now displace the bob by a small angle 8 (not greater than 15°) and
release it. Measure the time () required for 10 complete oscillations
using the stopwatch. Record your measurement in Table 7.1 below.

3. Repeat step 2 above three more times.

4. Note: Make sure that the plane of oscillations rerhains fixed and
vertical during the pendulum's motion, otherwise the motion is no

longer simple harmonic.

Repeat steps 2 and 3 above for five more lengths, reducing the length
L each time by 10 cm, |
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Table 7.1

L = Length of pendulum

T(0) = Average time for 10 cycles (s)

_ T(lo)

- o |TT0 | @

L (m) Trial 1 | Trial 2 | Trial 3 | Trial4 | T9 (
(s)

L].=Sol»\¢;l ‘8.'1%5 \‘g’z S ?-3' S
L2 =45 st \6.27 | 1,615 7.615%
I3=5, .12 v .21 [ 1426 2.0l S
L4=?5w\.01 9 s [\ s LUy s
LS:Za*-l-: .67 5 6.9 S 0. 3[5
Le=q .\ 5 s o5 ¢ e 15 S

V.DATA ANALYSIS

In the following, for simplicity of notation, we will replace T and T? by T

and T2, respectively.

1. Using the data in Table 7.1, make a plot of T (vertical axis) versus L

(horizontal axis).

2. What type of relationship do you observe between T and L? Is it

linear? Is it consistent with Equation 7.14?

versus L (horizontal axis).
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p do you observe in the previous graph? Is\

t type of relationshi .
et P A1 predictions of Equation 7147

i i tic
stent with the theore |
G ‘ es.. .k J'.s....f.ms:'.s‘yp.o.\....m}.w ............
» .L.fnu( ..... Feloationsasfeee ) I
E/l - ﬂ.ﬂgﬂ .......................................................
5 ------------------------------------------------
........... esented in the TZ versus L graph.

5. Draw the best-fit line for the data pr

. . ?
6. What is the slope of the best fit line found in 5 obtained above!?

.
--------------
----------------
---------------------------------------------------------------

-----------
---------------
------------------------------------------------------------------

Slape. ::.:l:j T Li_,—i_'[,? ...............................................................
L 3

----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------

8. Using the value of the slope that you obtained in 6, calculate the

acceleration due to gravity (g) at the University of Jordan.

-, . 7 . . ,
OO, W D00y R SUUUOL I O GRUORE NN DT, IR VDN . /A SRpRe
Slape |

.................................................................................
------------

-----------------------------------------------
-----------------------

-----------------------
-

9. Calculate the percentage error in your experimentally found g.

L R N N N N A A N N N N SRR Sssseesssesss et nne
.
cesvsssn e PP eI TN TIIEREEE el EeRPIEREITITTIRRRRNSSSE

llllllll
----------------------------------------------------

-----------------------------------------------
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EXPERIMENT 6

CoLLISIONS IN ONE DIMENSION

(CONSERVATION OF LINEAR MOMENTUM)

LAB REPORT

Date.....3/4(. 219
Name Khaled ... al-onses ... Partner's Name . l“ falim !}\e

Kegistration No. Registration No.

® ;
Instructor's Name ..Ermem. . Daac..

I. PURPOSE:
To study conservation of linear momentum and kinetic energy in elastic

and inelastic collisions in one dimension.

I1. INTRODUCTION - THEORETICAL BACKGROUND
The linear momentum and kinetic energy of a object or particle of mass

n moving with velocity ¥ are defined as follows:
p=muv (6.1a)
K=tmo?2= P (6.1b)

When two objects collide in the absence of external forces (or,

71
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givalently, when the resultant external force is zero), then their total
eq '

momentum 18 conserved. This means that the total initial momentum
after collision is the same as that before collision:

pL+P2 =P1F P2 (6.2)
or my Dy +1Mp Uy =1 T +111, T (6.3)
where m1 and m2 are the masses, 7, and U, are the velocities before

collision, 74 and Uy are the velocities after collision.

If no kinetic energy is lost during the collision, then the collision is said

to be elastic; otherwise it is inelastic. Therefore, in an elastic collision:

@ K).before collisions = (Z K)after collisions _ (6-4)
2 1 2 1 12 1 12

S v+ =m,v5 = —my Uy T U (6.5)

2 1Y1 2 2Y2 2 1%1 2 2 Y2

The ratio

r= (ZK)aﬁer /(ZK)before (6.6)

is called the rebound coefficient and is equal to 1 for elastic collisions.

Collisions in One Dimension

Figure 6.1 shows a collision between two objects in one dimension, with

the masses and velocities as indicated.

m, ", n, m,
'Ul '02 'U,l' '02’

a) Before collision b) After collision

Figure 6.1: One-dimensional elastic collision.

Generally the magnitudes of the initial velocities are known. Using

equations 6.3 and 6.4, the final velocities can be found and we have:

72
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m, —m 2m
/ vy = —2—2p 4 272 v,

1
ml + m2 n’ll + m2
2m M, —m
Uy = Lo +—2 "1y,
ny +m, my +1m,

6.7)

This experiment is divided in three parts, described below. The
experimental setup consists of carts moving on a horizontal, frictionless
(air) track. In part 1, we study an elastic collision of a cart with one of
the fixed ends of the track. In parts 2 and 3, we study elastic and
inelastic collisions between two carts.

The velocities are determined with the help of photogates installed at
predefined positions along the track.

When a cart passes between the two arms of a photogate, a metal flag of
width Ax attached to it blocks the infrared light beam. A digital counter
registers the starting time of the blocking t and its duration At.

The velocity v of the cart at the location of the photogate can be
approximated by:

p= 2 6.8
AL (6.8)

1. Elastic Collision with a Fixed Barrier

Here, you will investigate conservation of linear momentum and kinetic
energy when a cart collides with the spring attached to one end of the
track.

For the small cart speeds used in this experiment, the force acting on the
track during the collision with the cart s not sufficient to overcome the
static force of friction between the track and the surface under it. As a

result, the track acts a fixed barrier and remains stationary relative to
the surface under it after the collision.

Effectively, then, the track forms one system with Earth and its effective
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he Earth's mass. Denoting the cart's mass by m,

. this case 18 t

Using Equations ©.

[

mass, M2,

we have mi<<m2

he same speed it had before the

t bounces pack with t
te that the track-Earth

that is, the car
elastic. NoO

collision. Therefore, th

m does exchange moment

e collision is
am with the cart, but t

y small and may be set to

he resulting

syste

velocity after collision, 2 my v1/m2, 18 extremel

zero for all practical purposes.

Similarly, the cart does not bounce back with exactly the same speed as

before collision, but the difference is sO small they can be assumed

exactly equal.

2. Elastic Collision Between Two Carts

In this part, you will allow two carts to collide elastically in one
dimension. The first cart will have a fixed mass 1 and initial nonzero
velocity, while the second cart will have a variable mass m2 and will
initially be at rest. The two empty carts (without masses added to
either) have equal masses. The mass of the second cart will be varied by
adding extra weights to it. A spring attached to one cart on the end
facing the other cart will ensure that the collision is elastic. You will
measure the initial velocity of cart 1 and the final velocities of the two

carts to verify conservation of linear momentum and kinetic energy

3. Completely Inelastic Collision Between two Carts

?n this part, you will allow two carts to collide completely inelastically
1fn one dimension, by allowing them to stick together after collision. The
t;::ts::rt :lll have a fixed mass m and initial nonzero velocity, while

ond cart will have a variable mass m2 and will initially be at rest.

The
mass of the second cart will be varied by adding extra weights to it.

74
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You will measure the initial velocity v of cart 1 and the final common
velocity v' of the two carts to verify conservation of linear momentum.

That is, you will be verifying whether the equation below holds:

my vy = (my +m, )0 (6.9)
III. EQUIPMENT
Air track apparatus:
-Photogates -Timer - Air blower - A set of carts

In this experiment we will use the same air track system of experiment
5. It will be assembled and leveled by the laboratory technician. Please
do not attempt any adjustments of the air track. If you have any
concerns, please ask your instructor for assistance.

Make sure that each cart to be used has a vertical metallic flag installed
at its center. The time taken by the flag to cross a photogate is used to

calculate the velocity of the cart as it passes the photogate.

The operation of the air track system is controlled with the following

buttons:
- START: starts the timer manually.
- STOP: stops the timer manually.
RESET: resets the timer before starting a new count.

SELECT: allows to select 4 photogate in order to read the time At
taken by a cart to pass the photogate.
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"3‘“
[ON AGAINST A FIXED\

OLLIS
1A% PROCEDURE ~ PART 1: ELASTIC C

0 flag

Figure 6.2: Elastic collision of cart 1 against a fixed barrier. P1and P2 are

photogates.

1. Measure the flag's width Ax for one of the carts to be used in this
experiment, and record its value in the appropriate tables.

2. Connect photogate P1 to a power outlet, and place it about 20 cm
from the spring attached to the end of the track as in Figure 6.2.

3. Connect a second photogate P> to a power outlet, and place it
about 40 cm from the spring.

4. Turn on the air blower.

5. Press the RESET button on the timer.

6. Place a cart between the two photogates on the track,
immediately next to photogate 1.

7. Press the START button on the timer.

8. Push the cart towards photogate 1 and the spring.

9. After the cart passes both photogates, press the STOP button.

10.Press the SELECT button to read the times Af; and Ab.

11. Record your readings from above in Table 6.1.

12. Repeat steps 5 through 11 two more times, each time adding an

additional mass (the value of which will be provided by your

instructor) to the cart.
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V. DATA ANALYSIS - PART 1

1. Calculate the initial and final velocities of

the cart, U1 =Ax/ Aty

and U1 = Ax/At, . Record your results in Table 6.1.

v )
7. the rebound coefficient ¥ = l—l—ll Record your results in Table 6.1.
U1
Table 6.1
Ax=.Y......... cm I3 LX
N DEna
| _ [
Mass of cart (g) | At (s) | Ak(s) | (cm/s) | v1 (cm/s) | 7= \01‘
\:505) 0.058 | 0.c™M &9 6712 0.483
125 4 G-oI4 | 02875 = 533 o A7
|56 g 6.\17 | 6.3 39 5\ O A4
3. Answer the following;:
If r = 1 this means that
U SRR LA S . hefare. ont afiel  Co\\Nstont. ..o,
....... ?.\/&....e‘ft\:s:n}....(.&.3.%53:\'.4....c;s.\i\..\'ﬁ.\'.w.).:.................................
If r< 1 this means that
....... Bl Veloailo . before Rl coVisiot o NS
ceecengakel Lan Bl e lec e b Bl Collision.,
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V. PROCEDURE - PART 2: ELASTIC COLLISION BETWEEN TWO CARTS

Figure 6.3: Elastic collision between two carts.

1. Place photogates P1, P2, P'1 at approximately 20 cm, 40 cm, and 60
cm, respectively, from the left end of the track. Do not change
their positions during this part.

2. Turn on the air blower.

3. Record the mass m1 of cart 1 in Tables 6.2., 6.3, and 6.4.

During this part, 1 is kept fixed.

4. Place cart 1 on the track, between photogates P1 and P'1.

5. Record the mass #12 of cart 2 in Tables 6.2., 6.3, and 6.4.

Place cart 2 on the track between photogates P1 and P».

Make sure it is at rest.

Press the RESET button on the timer.

Press the START button on the timer.

With cart 2 at rest, push cart 1 toward it.

o v N @

After cart 1 has passed through photogate Pi' and cart 2 has
passed photogate P», press the STOP button on the timer.
10. Press the SELECT button on the timer to obtain At;, Atz, and A#
from photogates P1, P2, and Py, respectively.
Record the readings in Table 6.2.
11. Repeat steps 4 through 10 three more times, each time increasing

the mass of cart 2 by an amount determined by your instructor.
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VII. DATA ANALYSIS - PART 2

1. Calculate the initial and final velocities of the two carts (initial

velocity of cart 2 is zero) and record the results in Table 6.2.

Table 6.2
mp= ... 28 g v2=0
Before collision After collision
T\ be

m At n # V) Aty v)
(8) (s) (em/s) |\ [5) (cm/s) (s) (cm/s)
o | ooug | 722 \j 9.4 o\s | 29
25 | et | 54 | N | 7ee oo | 543
1S 0.\\7 224 B i 24 .5
oo ovo A3 YU\ E )

In the following,

- Pi K are the initial momentum and kinetic energy of cart i (i=1,2).

p:, K! are the final momentum and kinetic energy of cart 1.

Prot = p1tp2 and Kir = K1 + K; are the total initial momentum and

kinetic energy.

" Pt =P1+ps> and K|, = K; +K} are the total final momentum

and kinetic energy.

2. Calculate the following and record the results in Table 6.3.
* PvP2 piand py
® Pt and p;ot t

3. Calculate the following and record the results in Table 6.4,
* Ky, Kz K", and K},

K, and K,
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oy | Pir |l =Piot  100%
A /'T"'I’T - oo
. (g cm/s)|(g em/9)|(gem/s) P
(gem/9)|(gcm/s)|(g<m/5)|(8 —
® 0 \Wo 2940 | Uobe e
lo UoSo o . .
O Floo o lobl | 70375 %) m —
B 3390| o |-ugs | UST7S| $3Ae| ¢8de A
[ So , —
(90| o |-720 | baco | 4150] 6180
700
Table 6.4
! K’O
2 K1 Ka Kj K5 Kot Kiot - T(ﬁ
o ero (]
() | (erg) | (erg) | (erg) | (erg) | (erg) | (erg) -
e R VAN W&G <y 6%
lao | Wb3s 733 | U321 9| BuLre [WMSE S

0
Ao A Nves., Fatd 0.4 \C\’Z
175 [U\87ee O DY [14%les.y 21596 | 212254 o
K
0

Q, <& a0, TEL LT YU
Tc)o "?Q'?-,Q? \"\{3\2-"-;:) O 71 gty ; £

T e o B a t S
oo | (27%% @] TL3aM% [y a348 te TheliT %4 g 453
lerg=1dyne.1cm=105N102m=107]

4. Within experimental error, was linear momentum conserved in

each of the four collisions? Hint: Use the last column in Table 6.3.

L L Aot A

--------------------------------------------------------------------------------
---------------------------------------------------------------------------------------

---------------------------------------------------------------------------------

or each of the four collisions, was kinetic energy, within
experimental error, conserved (ie. was the collision elastic)?

Justify your answer, Hint: Use the last column in Table 6 4.

LRCNEIY
-----------------------------------------
----------
-------------------
XY
-------------------------------------
-------------
------
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VIII PROCEDURE - PART 3: INELASTIC COLLISION

(43 U,=0 (&:

Figure 6.4: Completely inelastic collision between two carts.

1. Place photogates P and P at approximately 20 cm and 40 cm,
respectively, from the left end of the track. See Figure 6.4 above.
Do not change their positions during this part.

2. Turn on the air blower.

3. Record the mass m; of cart 1 in Tables 6.5 and 6.6.

During this part, m is kept fixed.

4. Place cart 1 on the track, to the left of photogate Pi.

5. Record the mass m of cart 2 in Tables 6.5 and 6.6.

Place cart 2 on the track between photogates P1 and Po.

Make sure it is at rest.

Press the RESET button on the timer.

Press the START button on the timer.

With cart 2 at rest, push cart 1 toward it.

o N

After the two carts stick together and pass photogate 2, press the
STOP button.

10. Press the SELECT button on the timer to obtain At; and At from
photogates P; and P, respectively.
Record the results in Table 6.5.

11. Repeat steps 4 through 10 three more times, each time increasing

the mass of cart 2 by an amount determined by your instructor.
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IX. DATA ANALYSI

1. Calculate the in

record the results in

In the following:

- p and K are the initial momentum and kin

cart 2 is initiall

g-PART 3

Table 6.9.

itial and final velocitie

y at rest they are equal to the total init

and kinetic energy of the system.

- p'and K' are the final momentum an
composed of cart 1 and cart 2 stuck together.
2. Calculate p and K and record the results in Table 6.5.
3. Calculate p' and K' and record the results in Table 6.6.

\

s, v and v, respectively, and

etic energy of cart 1. Since

ial momentum

d kinetic energy of the system

Table 6.5
m=...... VWS g v2=0
maz At [T, At o ' ‘
(s) |(cm/s)|(gem/s)|(gcm/s)|  Prot <100%
Ve 6.076|572.4% J 19 3 wic kX |
- 72 69 o 4 g, Py 'QRVC)J éo 7 O/ ;
\256 015 |34 72| orlz| 1 2.5 39 N84T s : - |
R XA Uk 97 . t
15+ [ WMo | 2857 0 BB 1 | 45| 2 /s;{g ; |
20 | olo7 [37.4 | 6. oo 7,
: 6,250 Vsa | S4 !
2 a7 3o\\o// Us. | 2 g
Table 6.6 A "}
) K K' = TN '
(g) (e "X »\
rg) | (erg) K
loo | 13 8uas I
4 Ugos | |
125 | 756 05 / i
o3 | 2723 6.3 1
IS
2 612185 EYEY 02y §
oo (1398761 N5 | o, (4 ,‘
\
{
|
f%

[ala)

T T g,
R e Sl
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4. Within experimental error, was linear momentum conserved in each

of the four collisions? Justify your answer.

Hint: Use the last column in Table 6.5

uuuuuuuuuuuuuuuuuuuuuuuuuu

---------------------------------------------------------------------------------------

5. For each of the four collisions, was kinetic energy conserved (i.e. was

the collision elastic) within experimental error? Justify your answer.

Hint: Use the last column in Table 6.6.

. 22 4 t ' . I
....... Masegcbecasn L TRLL L Kiaekic. L eatsgg 08
....... PokoCensarvedoand L e lagve

---------------------------------------------------------------------------------------

--------------------------------------------------------

------------------------------------
DM BT
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EXPERIMENT 8

BALLISTIC PENDULUM

\&

Date . 1o/ U/l 2l 3 iiiiiiinnnes
shah

LAB REPORT

Name . Khaled... al-alases.......  Partner's Name JB¢e)kin.. 3he

Registration No. . Registration No.

_ /
Section ......! Y e Instructor's Name Eran.. 7D.:'x af..

1. PURPOSE:
To investigate the principles of conservation of mechanical energy and

linear momentum as they apply to a spring-ball system and a ball-

ballistic-pendulum systems.

II. INTRODUCTION - THEORETICAL BACKGROUND
An isolated mechanical system is one that does not interact with its

environment. Conservation of the total energy and the total linear
momentum of an isolated system are two fundamental conservation laws in
physics. These laws, together with the law of conservation of angular

momentum in rotational motion of isolated systems, play an important role

in physics and are widely used to explain many phenomena.

95
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Figure 8.1: Ballistic Pendulum apparatus

The Ballistic Pendulum apparatus

The ballistic- pendulum apparatus used in this experiment is shown In
Figure 8.1 above.

It consists of the following main components:

1. Ballistic unit: it has the following components:
o A spring (housed inside the unit) that can be compressed by three
different distances: x1 = 2.0 cm, x2 =3.5 cm, and x3 = 5.0 cm.
« A tension lever, which can be used to lock the spring in the desired

compressed position.

e A trigger arm, which can be pulled by the ring attached at its end to
trigger the shot.
o A magnet which can hold steel balls provided with the apparatus.
2. A ballistic pendulum, composed of a rigid metallic rod with a catcher at
the bottom. The catcher has a conical aperture through which a steel ball

ejected by the spring gun can enter. The catcher is provided with a screw

which can be used to add additional masses to it.

3. A trailing pointer fo indicatin he an ar d
r Indicati g t lar i
1 | gu 1splacements of the

96
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i
// 4. An angle scale which can be used to read the angular position of the
y
pointer.

The spring has a magnet which can be used to hold a steel ball of mass m.

When the spring-ball system is compressed by a distance x, elastic potential

energy stored in the system is U, = %kx2 , where k is the spring constant.

When the gun is fired, the ball exits the gun with horizontal velocity v and
collides with the catcher. The ball is embedded in the catcher forming a new
system. As a result of the collision, the ball+catcher swings by an angle 6, as

illustrated in Figure 8.2 below.

The mechanical energy of the spring-ball system is conserved because it can
be considered be an isolated system. Therefore the elastic potential energy,
Us, initially stored in the spring-ball system is converted to kinetic energy K
of the ball as it exits the gun with speed v. That is:

1, , 1 7
Us =K > Ekx =;.n1.02 (81)

. E ! (82)

Thus
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@ M‘ i, |1,

Figure 8.2: Variables of the motion of the ballistic pendu

[lum

Let us denote the mass of the catcher and any added mass (1) as:
Mtot = M + ma (8'3)
Immediately after the collision, the ball+catcher move with velocity V,

which can be determined using the law of conservation of total linear

momentum:
mvo = (m+Mtot)V (84:)
From which we get
m
V= v
m+M,, (8.5)

Neglecting friction and air resistance, the ball+catcher system is acted upon
by two forces, namely, the gravitational force (m + M) g and the tension T
in the rod.

The tension does zero work on the pendulum as it is perpendicular to the
direction of the displacement. Thus, here, only the gravitational force, which
is a conservative force, does work. Consequently, the mechanical energy of

the ball+catcher, i.e. the sum of kinetic energy K and gravitational potential

energy U is conserved.

If K; , 0 it
Ki and U; are the initial kinetic and potential energies, respectively, and K¢

98
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and Uyare their final values, then we have:

K;+U; =K¢ +U¢
gy of the pendulum (U) at its
highest point of the displacement

(8.6)

If we set the gravitational potential ener initial

position to zero (i.e. Ui= 0), then Uyat the

(where the velocity is zero) is given by:
Us= (m+Mtot)gAh (8.7)

where Ah=h,—hy, is the maximum height to which the center of gravity of

the ball+catcher rises (see Figure 8.2).

Equation 8.6 can be written as:

%(m+Mtot)V2+0=O+(m+Mtot)gAh (8.8)
Dividing both sides in Equation 8.8 by (m + M) we have:
V2 = gan (8.9)
Defining 6 as in Figure 8.2 we have cos® = L;[f‘ﬁ = 1—% and
Ah = L(1-cos6) (8.10)

where L is the length of the pendulum. Equation 8.9 can now be rewritten as

1

v —

2V = gL(l—cosB) (8.11)
and we have:

V =.2gL(1-cos0) (8.12)

Using Equation 8.5, we can calculate the velocity v:

D= LNItO_t\/sz(l—COS@
m (8.13)

We can rearran )
ge the previous equation (a f
orm ad .
as follows: apted to the procedure)

2 2
1—COSB= v ( m }

2gL\ m+M,, (8.14)
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I1l. PROCEDURE

i mpression
Part 1: the exit velocity for each comp

itude of
e mes ion 8.2 and fill in Table 8.1

1. Calculate th t
distance x of the spring using Equa

e .. (i.e. with the spring
1. With the tension lever at its rightmost position (i.e.,

| ball to the holding magnet as in Figure

uncompressed), affix the stee

8.3 A below.

k- iti been
2. Pull the tension lever back until the second lock-in position has

reached. |
3. Ensure that the pendulum is at rest and that the pointer points to

Zero.

A e ST RIS

, 2 i - : e o . Danger!
Proper User: : .
The attached projectiie facas the ring magnet so. 4 Projoctila s NOT can-

trally fixed!

e that the projeciite Is centrally fixed! 5

e TU SIS

Figure 8.3: Proper and improper affixing of the steel ball to the magnet*.

* http:/ /repository.phywe.de/files/bedanl.pdf/11229.00/ e/ 1122900e.pdf

4. Trigger the shot by pulling the trigger lever.

5. In order to minimize the effect of friction between the trialing pointer
and its point of support, you may repeat this step two or three times

without resetting the trailing pointer. When the trailing pointer is not
moved any further,

One can assume that the indicated angle is not
affected by friction,

100
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6. Read the maximum angular displacement 6 made by the pendulum

from the angular position of the pointer. Record in Table 8.2 below.

7. Reset the trailing pointer to zero, and repeat steps 1 to 5 five more
times, each time adding a 10-g mass to the pendulum using the screw

at the bottom. The total added mass is denoted by m,. Make sure that

you always compress the spring to the second lock-in position.

IV. DATA ANALYSIS

Part 1: Calculation of the magnitude of exit velocities of the steel ball for the

three possible tension energies.

1. Using Equation 8.2, calculate the magnitude of exit velocity of the ball

at the three settings and record your calculations in Table 8.1 below.

Table 8.1
k=750 N/m m=35+001g . [\L @ 9
x(m) x2(m?2) kx2 (N.m) v (m/s)
0.020 I o 3.273
0:035 1215 %\ 0 1Y & 1773
0.050 7 S to- ik o2

Part 2:

1. Using the data you obtained in part 2 of the experimental procedure,

fill in Table 8.2 below:
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Table 8.2

[ =24.00 +0.05 cm

=8 +0.01 —
M _ 5“; ge 1‘—:;6;)'— MiotFm | Moot = M +m, [/ (Miartm)?
(kg) (degrees) ( (kg) (kg)
0 i 2.l o123 0.005 602
0.01 7300 T o34 | o3 o« {of s oY
0.02 27" a1\ 7@-“\3 o—_\l\‘) o0 38
0.03 PIE N 5. \93 &= 1R oue 33
0.04 23° g.0§ 54363 6 135 . 029
0.05

2. Once you have filled Table 8.2, plot on a linear graph paper (1 - cos 6)

versus [m/(m + M) ]2.

........... S.].Q.f.{..;"’..f.‘?..~:..V.,;,_:.,............jz-;;wm’i;";...n......-.-.....6...%2)—.,...........
aj) s

--------------------------------------------------------------------------------------------
............................................................................................

............................................................................................

...................................

-----------------------------------------------
.......................
......................

.........................
----------------------------------------
...........................

5. Calculate g, the acceleration due to gravity, using the slope you
obtained in 3 above.

..... Rope N
T T

...... IS O (TR, T B

N 2 3 .,(_‘2L1\“ W K- . NjEmeteypeteteses siumssanenaes sars 2E sie 6 sIelSe aleies
6. State and discuss three sources of error in this experiment.

AL BRsSanaN L e

LR RIpeciveny. Quif

B Calew\a\ians, e csef
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| LAB REPORT FOR EXPERIMEINE /

Date:
Name: Partner's Name:
Registration No: Registration No:

Physics Section: Instructor's Name:-------—-=-

PHYSICS LAB EXPERIMENT 7: ROTATIONAL MOTION

I. PURPOSE :

II. DATA AND DATA ANALYSIS : :
A. Acceleration and Moment of Inertia with Constant Applied Torque.
1. Enter your computed data of v versus t in Table 7.1 shown below:

Table 7.1
Added mass to the turntable
M=0g M=100g M=200g
Time (s) v ® =V/R \ o =V/R \% ® =V/R

cm/s rad/s cny/s rad/s cmy/s rad/s
0.05 )

lo -7 |U Ty \\ 6 <4
0.15 _

Y 23 | 25 20| 2o |7
0.25

U\ 3.4 By 2.4 29 0.3
0.35 -~

D2 | us AL 2y 28 Bl
0.45 _ - | -

65 |5 | SY | us | UF | B
0.55 = -

Y4 63 L4 5.3 55 b
0.65 '

40 75 | M £\ L 5.1

Radius of the tumtable (R)= |2

cm
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2.

For each value of the added mass, pl
all on the same

Label each graph with the
corresponding value of the

added mass for identification.

What conclusions can you draw
acceleration of the empty and loa
torque?

from your graphs about the angular
The

ded turntable under a constant applied

AL P\"
J

O\"\‘}U\\O\(V A (({‘:L-(’:/a"\'aﬂ.((?(\

S,o‘ﬂc af e

fepiesents Ele

4.

From your graphs determine the angular acceleration () of the turntable
in each case, and enter your data in Table 7.2 below:

& Bo
ot 7
Table 7.2 Ezr\\{z(%-ﬂ)
i }
Added mass M | Angular Acceleration o | Moment of Ineria I
(8) (rad/s?) (g .cm?)
0 ., =5
4.1 5671
100 2.3 £ 643
200 —
.5

5. Calculate the moment of inertia (I) of the turntable with and without the
added masses using the following equation: '

I =mR (E-R)
wheel

. a
where m is the mass of the falling weight

and R is the radius of the turning

6. From your table, how does the moment of inertia of the turntable (I) changes
with the added mass?
T ¢ LACle0 (et

\J\M n

Sb \"" | <

/_J.,-f Ce :}hf}\ pass \NCraaSe
oA \l\'rgc\“ (Q\q\-\'nj\ (aL'\-,,,LaA

AP
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Acceleration and 1orque with Constant Moment of Inertia :

1. Compute the translational and angular velocities v and @, for each recorded
tape, and enter your data in Table 7.3 below:

Table 7.3

~ Total- Hanging Mass

: m=50g m=100g mA=150g _
Time (s) v | e=vVR v ® = V/R v © = V/R
cm/s rad/s m/s rad/s cm/s rad/s
B Jo |\ 13 | LA 24| 25
0.15 |

24, 12+ UL | 35| 52 | *¢
025 Vi | [ 4s | es | A0 | T
03516y | u~ | g4 73 | 120 | te

065 [ oo | -, | 157|121 | 20 {175

2 UééTab__le 7.3 to plot, on the same sheet of paper, the graphs of ® versus t.

3. What do you conclude from your graphs?

4. Determine the angular acceleration (ct) in each case.

5. Enter your results in Table 7.4 below:

-~ v

84 v
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Table (7.4)
Tot'al Hanging Angular Accelera_tioﬁ’ o Torque (T) = Rm(g-«R)
Mass m (&) | (fadls?) (dyne.cm)
» A $7\ 760
1 Qo _— 2% Q oco

- " 6. Plot a graph of (.t ) the épplied torque against angular acceleration ( o ).

7. What do you conclude from your graph?

Lo e =L o oo

8. Determine the moment of inertia of the empty turntable.

_)‘.

\)

.

)

L
YA

9. Do the values obtained in part A & part B for the moment of inertia of the
empty turntable (1) agree 7

Med Ve anges
’ J
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