EXPERIMENT 1

ANALYSIS OF DATA

LAB REPORT

. Date: .... e, 2 MOC'L"bd
Name: .. }\anecs. (vf "‘u““ wwins o PATteT's NS s
Registration No: ‘gistration No: ..............
R BN thacse 2 s sutontnionsssnsnsnis Instructor's Name: ..................
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

Lirgh water to escape through a circular hole with diameter (d) at the bottom

i a5 of the container. The height and diameter (h and d) are the independent
S ~ variables of the experiment, and time, 1, is the dependent variable.

S The objective of the experiment and the analysis that you will carry out

23



h (cm) d=15
=1lomm | d=20mm | d=
30.0 Sl FER =50
o 73.0 41.2 18.4 6 somm
4.0 43,5 23.7 10.5 3:90
1.0 26.7 15.0 6.80 2.20
3 13.5 B 7.20 3.70 1.50
I1I. DATA

8. Use the data in Table 1.1 to fill in Table 1.2

Table 1.2
t(s) J
d (mm) h=10cm | h=40cm h=10.0 cm h=30.0cm'\’
> o e i £ \
%‘0 =+. 20 15.0 gt 4l 2 3|
' ik .70 68> | 1o-% s .U
5.0 .50 2.96 3.0 6-39
9. Forh=30 c:m,useTablesl.l and 1.2 and fill in Table 1.3.
Table 1.3
t (s) d (mm) 1/d2 (mm?) J
+3.0 |- 50 | B-UY # J
1.2 2.00 /o 254 |
\3 - Y RO o-\\t 4\
L. 8o £.00 / o0-0M B
10.For d = 2.0 mn, fill in Table 1.4 beloy:
Tablel.%f
t (s) h (cm) ;’f Logio ¢ Logw h J
dl. z z0.0 |/ L&k | 48
73 1A lo. D / V-3 8 \ .00
\&5 - O Y. 0o /\ Vg ° 060
R o 5 o0
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V. ANALYSIS OF DATA
1s Plot your reﬁ'l.llh_

sz.noo&\ curve, and label each curve with the corresponding d.
Similarly, on a second sheet of graph paper, plot the function d(f) (i.e., d vs. f)
for each value of the height (k). Connect the points corresponding to each

value of h with a smooth curve and label each curve with the appropriate
value of h.

- Plot t versus 1/d2 for h = 30 cm.
- Plot Logsot versus Logioh for d =2 mm. |

Use your graphs to answer the following questions:
2. From your graph of (h) versus (f) for d = 1.5 mm, extrapolate thf—':
curve toward the origin. Does it pass through it? Would you expect it

to do so? Explain. L\%\g :
..... .‘Ies../..M!’.‘:‘%‘.":...n.@.....’&ifv\.ﬂ..f. Care o LR

A S0 Yo SO fv”xw./-y% ....................

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

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

3. What type of relationship (direct or inverse) do you see between the
TN
time # and diameter d for a fixed value of h?(Why?

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

4. From the graph oft versus 1 /d2, determiine the empirical relationship
between time  and hole diameter d for h = 30 cm.

sssssnn e s P ol oo T v gadasad®sos oot oo s sssis st ss st Rs s iassssssstaslsistsssssnasssannstsnsns

.........................................................................................
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i iri tionshi
7. From the Logot versus Logioh graph, find the empirical relationship

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

container if the height of water was 25 cm.

9. What is meant by an empirical relationship? '

Al siPs bt wzea
..... Mﬁ.j.@ﬁ:...&.’[?...fprﬁm. BHp.elion

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

..........................................................................................
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EXPERIMENT 2

MEASUREMENTS AND UNCERTAINTIES

LAB REPORT
Date .. gf /QFJ WAy R

Name Hnn#"-SHH'J Partner's Name @m«ﬁ«\'&a‘&k

Registration No. . Registration No. 02 i 10{(:‘1

Instructor's Name ........cocoeeeeen

.~ To learn how to estimate errors in experimental measurements.

b you will estimate the density of a cylindrical piece of brass using
of its mass, diameter, and height. You will estimate the error
urements and the resulting error in your density estimate.

- Meter stick
(Figures 2.1, 2.2) - Micrometer (Figure 2.3)

- Wooden or plastic disc
e

ad

- ‘-\_‘--";r-';mk (Bl/e
29 ‘ask 5 DL i
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i 1 1 y For
v "’ rod aIld d 1ts dlameter.
S'i en by £S5 (d/ 2)21 where I s the length Of the

this:
4. Measure L using a vernier caliper.
5. Measure d using a micrometer.
6. Repeat each measurement five times.

. l? ‘Measure the mass of the brass rod once.

Table 2.1
T AD -4
4 cw AD=% o, c0285cm 3=é‘égu1l.l‘0
AC=* o005 cm ééc-= L2 F -x-lo'z

values of (D) and (C), calculate an estimate of .
V65080 ... ATy . !
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1r measured values of L in Table 2.2 below.

the error, AL, in the average measured length and enter the

Table 2.2

(L,-—f)z(cmz) f_= £.43 cm (cm)

. 0‘@@01 cmz
O

1T

0:-00adcyd|.
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ed value of m in Table 2.4 below. Estimate the
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EXPERIMENT 3

VECTORS - FORCE TABLE

LAB REPORT

L. 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.

I1. INTRODUCTION - THEORETICAL BACKGROUND:
Physical quantities can be classified into either: (i) scalar quantities, or (u)

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.

Addition of scalar quantities is done algebraically. But in vector addition,

37
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(0= e

02 =120°

y and is approximately equal to 9.80 m/s? near

e diagram in Figure 3.5 shows the forces,




: Schematic setup of forces in part 1 (for the case m < my)

ﬁaﬂ\i&ﬂpuﬂey and a third hanging mass find the
direction of the equilibrium force that returns the ring to
padtlon. This third force is called the balance force; it is
ude and opposite in direction to the resultant of the two

ove two forces (magnitude, R and direction, 8x)

Bp= 260 .\

2, ‘ svreeee N -Bx = 3‘ ! ‘
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jure in part 1 above to find the resultant of the three
tions as shown in Figure 3.6.
[m3 (provided by your instructor).
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EXPERIMENT 4
|

KINEMATICS OF RECTILINEAR MOTION

LAB REPORT

A\
Name Fheoreannm W ,,,,,, Partner's Name EE‘,FZ'({”‘."{%"L ./.'<.£.":'.r{‘?5

Registration No. .

Registration No

I. PURPOSE:
To study and analyze motion with variable acceleration in one

dimension.

I1. 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




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? y gy ¥ = |50 = 04 o P o
V"’QU Yy - B & T (/ O 6
" Y F? a5 ".

v — (A !l S ) g < \ o
Velocity D,,_ ) )\/_/,H—
Time interval during which the veloc1ty is maximum: __~ 50653
Time interval during at which the velocity is m(ul,lmum'-* 5.0 LS -
Acceleration

(r\ LS, 8¢ '?f_",

=35 S

Time interval during which the average acceleratmn is maximum: € 2.2

Time interval during which the average acce}eratlon {s minimum: ..c 6. ’§ S

7 17 = Ace | & Ao — WA o 5T = B°° -
1. CalculateV; ,AV;, and a;.

2 Record the calculations in Table 4.2. A ./, z Ficte—3m 04T - 0.2

Table 4.2 - Useful Notes
- The average velocities (V;) 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 AXi's).
- The successive velocity differences AV, ,AV,, AV etc. t;ccur over

equal time intervals of At =0.10 s,

- The velocity differences M_/:i and the corresponding average

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

55
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Table 4.2
| Index ti Xi AX; % % a
(1) (s) (cm) (cm) (cm/s) (cm/s) (cm/s?)
0 0.00 o
0.05 . F Li \7
i 0.10 ks ‘;? g 4o
0.15 2.4 [i«: y 96
2 0.20 Y, 2 5 Ka
0.25 2.\ P 4
3 0.30 = \ lo
0.35 QNG ? " — -2
4 0.40 & \ 4 o 0
5] 0.50 i b
S - -90
055 e 9.3 -
/-/ 2 ‘ 3 e\ L
6 /0'60_ H { 2 o0
) / 0.65 0 .4 :{ -\f 2
Z 0.70 \Y Vol ¢
0.75 Yoz |42y
8 0.80 = iy
085 L' {D) X ' 9
9 0.90 4
; | o
0.95 ~
Y. g #qo_ﬂ_l'.q -49
10 1.00




B) ESTIMATING THE INSTANTANEOUS VELOCITY FROM THE
APPROXIMATION OF AVERAGE VELOCITY.

1. Compute the instantaneous velocity at t = 0.6 s.

2. Record the data of X in Table 4.3 as listed in Table 4.2.

3. For each time interval (3 column in Table 4.3), calculate V' and

record your result in the last column of the table.

L
Table 4.3 /1

Y

t(s) X (cm) At (s) AX (cm) 7 (cm/9)
T=0% =N 2
1'::0? )1?:(\;\;6%\) o2 0.7 R (T

A

ts=04 Xt !
ts=0.8 Xé: n2.2 oY h A 21,25
t3=0.3 ){5= 7.y
to=0.9 Xg=2%} s o4 24, &

» Answer the Following questions:

Considering your data analysis from your paper tape and the calculations in

| Table 4.3, can you shrink the interval At' to less than 0.2 s (keeping t; at the

center of the time interval of the calculation)? Explain.

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

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

What is your estimate of the instantaneous velocity at ti?
lllrﬂsf (fl') "—'thst(ti) R T L

58
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nnect the points with a smooth curve (Don’t use a ruler). The
tangent to the X-f curve at a given instant represents the

- The instantaneous velocity at any time during the motion.
- The average velocity for any time interval during the motion.
- _"f‘imembervals during which the moving object is stationary, speeding

Ca enlate the instantaneous velocity at t = 0.6 s from the slope of the
?h%fent (Figure 4.3) to your X versus ¢ graph at t = 0.6 s. Show your
calculations in detail on your graph.

Slopen
SESAT

X(em)

( [ =06s =!(s)

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

b=
Vinat () = BT rd.. ..
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Table 4.4

T : o o
- <H Ll B w0 p ”
=0 g (=} g o =} (= (=) B

" Lo b! o~ 2] 1 1 1 i 1 1 4
= o o o o = o =
2 4 /
/ L V | L g - z /
v
M

Kefer to Table 4.2 and plot a htstogram of V versus time. See Figure 4.4

Jow. Label your axes and include their units.

Instantaneois [\
velocity att, |/
!

Velcoity

Time

> Figure 4.4: Histogram of V' versus time.
‘The height of the darkened line represents the value of the instantaneous velocity at t;.

A velocity-vs-time graph can be used to determine:
- The instantaneous velocity at any time.

60



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 [ti1,tis1] will
equal the instantaneous velocity at the middle of this interval, at fi. See
Figure 4.4.
» 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 (£=0.65) = ... 2 .$._‘,,.,;'.""." ...... cm/s. p
Compare with the instantaneous velocity from Table 4.3 above. Discuss. /"‘ =

e Y O O e D)
m&fﬂfwagrsw%{wm:f\/
....... ke, AR [2a ity foc. \nlue... stk 2LTR(E v el

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. o
Table 4.6 (/" 59
NEEERERERERN R
£ (s) EEE e | S [ S | S | R
slela|a|2letg Nale
S AIEDE ARl e
Increase L Y. /
Decrease =
/
Constant (| _—
Vv

61



or for which time interval [tf] to use for
‘under the V-T curve; see Figure 4.5 below.
o 4.6. This area represents the displacement

Time

acement from the area under the Velocity-Time graph.

Table 4.6 C

ff: b\'zrs = \

from the paper tape = 12 chang Iz cliex
0 measurements ag‘ree?lDiscugss.

rmine the maximum and minimum accelerations.

——

sults in Table 4.7.
Table 4.7 Q C7

um Acceleration Minimum Acceleration

M"‘_ﬂh e 15% B= 0 /oY

: ‘|‘+.‘// Hamin) = osya <™ oLl
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EXPERIMENT 5

FORCE AND MOTION

LAB REPORT

.- )
DAL ...covecesiinshnuansnomnontsssamarasm] :
Name .Hmm.ﬂhM ............. Partner's Name M\M “ 3 T
Registration No. .1 Registration No 2 Y4

Mon LR R LR R R R R R sRdERe mr‘s”m AEY BB sNREERERNERYD

I. PURPOSE
To verify Newton's second law for a mechanical system moving in one

dimension, specifically, the relationship 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.




use Equation 5.7 and Table 5.1 to calculate the
h of the three photogate positions.
1 the appropriate cells in the table.

Table 5.1
m my=20g
|ma=25g m.=50g m.=75g
e A o t | At v tfat| o
BRI GIENHE (em/5) | ) | () | (em/s)
JoYyo| of[olfo] o Lfofo] o
— ' ;& l:_’-:s a:llo 3¢ _ l;;!iq. a1\ 36

fo [#4ocn| y< ST
q |33/ =1 |2700003 5 /

rmine the acceleration (1) for each case from the slope of the
esponding line, and enter your values in Table 5.2 below:
Table 5.2




sEsane

Mm T L n$}pl:: PACLY T3

L e A R R R A

1mn=10g.
Pﬁotqgates by pressing the RESET button.
ART button to start the motion.

Record your results in Table 5.3.
s 2 through 4 three more times, reducing 1 by 10 g and




Time (s

| ———

= T .

. | |—l

'|

2. For each run, calculate the average acceleration (a), where

a=(v2-v1)/(t2-t).




Acceleration a

(cm/s?)

lo

%9

o 7
ns ~
V.

the hanging weight (rr{g) against the acceleration (a).

ne=1gcms?=105N

»/fuseaction/download ile/versuchsanleitungen/



















—J_; ~ Inthe following,
=1 o .
- psu Kiare the initial momentum and kinetic energy of cart i (i=1,2).

-~ p;. K] are the final momentum and kinetic energy of cart i.

- put = pi+p2 and Kir = K1 + K» are the total initial momentum and
= P = P1tp2 and Kj, = K| +K}, are the total final momentum
and kinetic energy.
2. Calculate the following and record the results in Table 6.3.
* pup2 py.and p)

* purand p, .

3. Calculate the following and record the results in Table 6.4.
* Klf Kz; Klir and K;
* K, and K

’
tot

| V’) |50 b5



>
v

6.3

i ] '(ﬁ | P§ Prot p:nl lpiot —Pm’|)¢100%
B — | sm bq;’ b“*‘ 0,
5 o | Zo2o| A% 1825 ok
o | &38| o |4g9e|F2za| p2sm [B350 17 e
| ]
= — 3 - -
% fu ' fiblesa
VA i Twm, 2mg . E
A m | K K> Ki K5 Kot Kot g MU
| ® | e® | Cw | o | @r | @ | Co Kot |

e | 1.;9 ;_za-:on# o] A8 132970280105 129449 g. 839 |
180 | 1o [|32653 o 2521&-”‘3' \?-l{é'fdfgzzan 93262935 0. QY F
| )0 1o |ED\6V25] © 3 ¢72 N_qz_{gnzméiz‘; &L 1S c.gg-';//

1erg=1dyne.1cm =10°N 102 m =107]

4. Within experimental error, was linear momentum conserved in

each of the four collisions? Hint: Use the last column in Table 6.3// |
s

............ Nes. becosie Py m P

.................................... (O IRBSIICR .

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

5. For 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.

SRR (£ I YY TV TR T WA= T 7 RN
............................................................................ . “_3- 1|
a0 arJ‘y
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cively. .
the data in Table 7.1, make a plot of T (vertical axis) Ve
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alue of the slope that you obtained in 6, calculate the
ue to gravity (g) at the University of Jordan.

te and discuss three sources of error in thls expenment.
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EXPERIMENT 10

BOYLE'S LAW

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

Name...\.-la.mm..ﬁmﬂ"ﬁg‘ Partner's Name . )\ e#.c\d

Registration No. gistration No ..

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

Instructor's INAMe ..ecvieass seasans

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:

. Rel)s . Lecil - (101)
In MKS the unit of pressure is the Pascal or Pa = N/mz.
It can be shown that the pressure exerted on a surface by a column of fluid
of density p and height / is given by:

P=pgh (10.2)
0.2)
The atmospheric pressure at a given location is dde to fhe column of air
. L |,_i_,-.i. l:?_;_:l EI
glieyve
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Table 10.1

Average Room Temperature = 2,. %5 °C

B= 350 mm
Scale Readings | h=Y-X L=B-X i
(mm) (mm) (mm) (mm-1)
X h
9%o | Qeo | 530 Qe 8 g\%
265 | %ee | y3s %5 o s
o) 22% | 6eo| a4z st |
9.59 | 5.0 250 = lap o 0
S o3 gee | M W a.0\ * 1o
9.2 | 300 | %3 {22 gelse = ’°—j3
’apﬁ’ gl o (Ul Gt
V.DATA ANALYSIS

1. Plot h versus 1/L. Use the graph to find the value of the atmospheric
pressure Pa = 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 (h,L) pair

and enter the values in Table 10.2 below:

118
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EXPERIMENT 11

SPECIFIC HEAT CAPACITY OF METALS
- [ ]

LAB REPORT

DIALE i uisinnsssnorenarsoasnsasasbonvasvsin

" 2 =
Name . Haeteas.. hisd Partner's Name .. yavons

Registration No 2gistration No. ...

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

simple calorimeter.

I1. 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 temperature 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 O and does not undergo a phase change, its temperature

121




Table 11.1

1 Symbol Definition Measurements Units Errors
0 Specific Heat Capacity of Calorimeter 0.22 cal/g 'C |-
e - .
Cw Specific Heat Capacity of Water 1.00 cal/g’C |-
M Mass of Calorimeter YA g AMi=+0-:0) 3
Mass of Calorimeter + Water M=
Moo ( \1L. Qo g _ﬁMm=ja-c\ ﬁ
M],"'Mw)
—————
" | Me Mass of Water (Mas -M) au-. 32 g —=%0.0\
T Initial Temperature of Calorimeter Q, 5.5 c ATh =+ "(_‘
ik Initial Temperature of Metal A o AT;/J X o E‘ c
Final Equilibium Temperature for i/ -
T, O C AT)= + o 5
i Calorimeter + Water + Metal 29 / / =
/"'_-"\‘ /
M Mass of Metal C{Cf.qé g AMz= O O ‘j
I e

126




"( =m, C, 4+rmMwCw
y= T, - T
"r : cvz_ — xy
T ¢ ";_: -2 ]
Table 11.2

w= 0.0 F6 cal /37

2. Use the relations in the table below and calculate the error Acy, and

express your final result as ¢, + Acs.
3. Record your calculations in Table 11.3 below.

o 3 () ()
X = e )
AY = [(AT;)? Mj
Az = [(aT,)? +(aT, ’j |

% (q.o;*ﬁj

4o-\bw Cul/lg

Table 11.3
AX: O'O\b‘ C“'\ IQC — " . = —=
B o
AY= 0. &F)°C Acz= \(1.2y %lI° ) + (016
AZ=oB56°C -l-(ln.o'\ a(lo_q)?'f
A= Pibilet ok cMify.c k/

4. Referring to Table 114, what is your metal sample? (Show your

127




r:;al Syx;\bol Specific heat (J/ g °C)
e 0,449
Lead Pb 0.129
Magnesium| Mg 1.023
Copper Cu 0.387
Aluminum Al 0.900
Gilver Ag 0.235
Silicon Si 0.703 "
- = ' 0.540 b2

J& 3 ”)J oy
] A}

; AL s ,
— /—_What will happen to the heat Ea“;;city and specific heat capacity of
opS Y

———
your metal sample if its mass is changed by a factor (.2:5.)
ORecord yours:answerslr'm Table 115, e heat Cape ciby will
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6. Discuss the possible sources of errors in this experiment. / S

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