Experiment # 1

~

o
> & study he wd torque. } _ / /
3{'1“: \_tgeM‘ﬁons for translational and-retational equilibriufi
>T analmcal and“gxaphlcal meth ods for the addition of vector uant

we1ghth01de
Theory: —

A rigid body is an object whose parts move together under the influence of

- “external forces and torqueg This body is sa1d to be under static equlhbnum when
the following two conditions are satisfied:

1) The sum of all external forces actmg on the body is equal to zero.

> F = 0 (1)
2) The sum of all extemal torques acting on the body 1s equal to zero.

Z'c, 0(2)

If, in the case of equation (1), the number. of forces ,n, equals 3; then one can
write: :

“p&zmg bal s etc

2ok ~ oot
£ g .

> - —
F1+F2=—F3(3)

The force F; is called the equilibrant force. This force is opposite in direction to

the resultant force obtained from adding F, and F,.

Figure 1 shows the experimental set-y b { i
~up for thi
> Make Sure the pulleys are in ONE ._Qli‘,ljl plane. e

> Make the pulleys run with as little i
cti
> Make sure you look vertic On as possible,

1 ally on the ropes. U plane mirror

L proper lines of force by placmg it behmlc)l the ri:): and drawin b dr wad
a

EXPERIMENTAL.: :

The actual steps for performmg the

B GUs SO
oY [AC

tare

c1 A
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" ™. Place appropriate weights on Paﬂs?an d Q (see fig.1). ( Inch?de the wei_ght of
the pan). ( : JRER 5 ' B
-~ 2. While holding the string (with your hand )at point x, place enough weights on
” pan E until equilibrium is reached ( pans stop moving). .
3. Draw lines tracing the pieces of string and record the weights in Qach pan.

-— .

—

Calculations: :
The equilibrant force E is ' ' g

/

- o
given by E=—(R +Q) .
Figure 2 is a free body diagram
for the point mass x. The forces
R, Q, and E can be decomposed
into x-, and y-components as

ML A
| “’EZRC'0§(BI)+QC.OS(62) i R = "'\; : g e
0=Rsin(®1) - QOsin(@2)y | e

Fig. 1: Force board with 3 forces.

Your "results ‘should = be K /
summarized in a table. The table

entries should be the measured values of R, E, and Q, and the computed components.

You should also compute ﬂleiggowing values: ol ~- N
,%/@fﬁsm(ﬁﬂ—gsme ) e il : (-/( ‘“:up\ N @(ﬁs&%
W72 , Lo Rone

G ks » S Fig. 2: Resolution of vectors into compo
’\j ké\ﬂ(@l) B._/ e o Ponents,

IS S o )
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The parallelo gram Method:

Vectors can be added graphically using the parallelogram method. To represent a
vector, an arrow is used. The length of the arrow represents the magnitude of the
vector. The direction of the arrow is chosen to represent the véctﬁlecﬁoﬁ‘ relative to
a common reference axis, usually the positive W The two vectors to be added”
Tepresent two sides of a parallelogram withrtheir sum being the diagopal. { You can go
back to your Physics 131 book for more information,) £ Dils il

Use the parallelogram method to perform‘the following exercise:

Set up the equilibrium condition shown in figure 3. This is done.by hanging four
different pans, PQRS, and adding weights until equilibrium is achieved. Use the )
parallelogram method at points X -and Y to find the tension, T in the string-segment -

XY. For example; the tension T in the segment XY has the same magnitude, and the
opposite direction of the vector sum of the tension dug to:P, and due to Q.

L

A T8 S ~ il ',fr
- Draw a parallelogram for the forces defined by thereights P,Q,R, and S.

Calculate the magnitude and direction of the vector T.

K Fig. 3: Force boar with 4 different forces,

i e

o \ ‘
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Experiment #2 v

| ‘Freely Falling Objects 1 ) .
Laboratory Objectives: - Y9 /5) o 1 b , _‘
4 o { ot
L e e & [
This experiment has the following objectives: /-/ / i)
: ’ : o o
—_ N TR o '
L. To familiarize the student with the use of logarithmic graph paper. ' \___//
) To serve as an exercise in experimental data analysis using spreadsheets.
3. To determine the acceleration due to gravity at Birzeit.
-Apparatus:

-
s

) aratus consisting of éhppo}t I
electronic timer, and power supply.
;\“

: . Z
-~ ’Software: -l )/ﬂ/@ j/\ﬂ b QS & ’ 3 Y-O—l"/l :

LOTUS Spreadgheet provgram or compatible software. Review the skills of
creating columnar data, regression analysis, x-y plotting of data.

Theory:

An:g]g;gct—-falhng near the ea;th’s\m%e} néarljr constant acceleration
given by Newton's second law as follows: -

w d Zh
NG = Ml oot R e ias wtiavn onss
gl dr?
or

’5_ \/(/g The solution of the above differentiakequation is given by: . ‘
PR gh;(% PHORIR T Bt e e, 3)

e b and his measured 5o that hy s set equal to
Zero, the relationship between h and t that we are left with is simply the qua‘;rai:io
relationship: _ _ c
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Experimental: i - _ ’

The experimental setup for the experiment is schematically shown in figure 1,

prpi e N

p/o—ou AV4

B araaTte - S
_/4 _\ YO ( r C1 cZL_‘ l Il| ,.;;;;;;;;;

Steel Ball <&

)

-
N
<
SETTAS (v pRN

Timer
Start  Stop
@) a

i

Q u

_Fig. 1: experimental Setup for Free Fall Experiment.

When the current through the solenoid is interrupted the ball falls a distance h. At
this very instant the timer starts. When the ball hits the pan below, the stop switch .
for the timer is closed stopping the time measurement. Repeat the time
measurement three times for each height h. \

5

ey - .v'
2 , Calculations: A Ly {

< \“- i Wi |

S \0/ =, N I
b 1. Record your data in the table shown below. |

‘f"\ ......

» T Time t (sec)
o Hei ‘ht . 5 \
. | st g
3 ;;7.Q ; 'Qt;m') 3| 9] - 13 ok
‘5;3 f\a\h;&/‘ﬁ o-\}\é o-\%.6 A ) ol 2
AN %}m P VB R :
fd{‘ fg\.\?j(/h”\ 0 13D ¢ 234 0:1% 3
‘D;] :Vfﬂ\‘cm '712‘3 9‘3\6 ; (p'\:s.‘{#j
/ <A g Uy 1Y : ‘
1 \~.§f SD o z : [s] "s s\ %‘____ .
D :
9 36
: \ (26) @ e
/ Q/?\d Py " u e T B )
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7. Use the spreadsheet program OTUS. . . _
N wietoze vous sesuls: L ) available with the computer in your lab

a. Create columns for h, t
B Graph log(h) vs log(t) using LOTUS.

c Use the lj‘tafRegre feature of LOTUS (D/R) to ete \e the
slope of your plot, &nd calculafe o ¥

‘'d-Create a separate plot oﬁb?y@y Perform the D/R opera’non on the h-
data Calculate g from this latter calculation.

Print your worksheet and graphs and submit with your report.
Also answer the questions for this expenment in the manual.

1 tz t3 and t (average tlme)

N
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| ﬁ_\l\((. - EXPERIMENT #3
s e

Newton's Laws of Motion
| ﬁ%r' R

-/

T * Preparation for the Experiment:

3 "; Read the introductory instrumentation article, in this manual , on the air track.
> Read about Newton's Laws of Motion in your 131 book.

. . “J
Objectives: 2o '
The experiment is meant to satisfy the following obj ecﬁves:

O To familiarize the student with the utility of the air track.
N

U To verify the Newton's first and second laws of motion.

Apparatus: s — =)
Figurelisa ¢
schematic(drawing) of the
apparatus. Objects traveling on the
track are levitated (lifted) via the
action of the air blower. Motion is
caused by objects (M) pulled down o
;y gawtmOnd‘amacﬁon: The . {She K 1gure 12 All' TI‘ aCk ASS emb].y
gure does not show the timer

circuits used to measure t and At,
Theory:

. ]'SVIC,IY student attending this laboratory should be familiar with the staiements of
g n's tz'iws. If you are not sure of them, then g0 back to your general physics text! Thi
Xperiment is.made of three parts. One related to the First law while the. other two are .relat:d to
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1 8
124

0 PartIl Thc Second law can be mathemaucau

rclatlonshlp F m CI Where
Imear acceleratlon A

ot e s e

el, ,
pence 8 constant acceleration. = t_he Objects will CXperience a constant force and
T V2 ﬂ\,
’El = Mg (M1 -
R e o | e .\.
the speed of the art is thetefoxe Ay . N e
M\ % = :I' / 3 | ‘
o N el - W L w s \_2 I ‘ r
V( \ (QM'FM‘ t iy " o \Z}, @,i-tf" \\’
and t‘oe, tan, ce‘“a{“ﬂ\- b’? the 0‘01%&3 1s given ‘oy b X 5
R e o R i &
';;1 5 ( ) —?.. \/_- 01\\ ‘\/- \\ i X , \ /‘;I
A 2 Q e é\ B T

 where the last couple of equations\are derived by integrating the first equation , once and
twice respectively.

. Experimental: . (O \' CD/Z'

WARNING
Never move any object on the track before starting the air blower, because
this will immediately scratch the track!

( PartI 3 - ) :
i e ol

L 2 tart the air track, ; C\ = (75

3 SePu e both timers to measure At. i

; Launlcz;lﬂ:one cart along the track and record the times on both photooogs: ;

4 Calclﬂate the veloc1ty of the cart near each photocell and compare =

e R
eI ixed M, fixed M', variable d: 7 © fai

L.
-

-
-

L. "Start the ;
air track, : t of At. A
Hm for measuremen .
Set up timer 1 for measurement oft, er 2 & the relensemech: anism(magnet). ¢/

ffect changing d) Record d, t, and At.

Stan  the system M M! into. mOthll by triggeri

=' : Change the position of the first photocell (ine

d.
- Repeat the process for 5 different values of

\-

e bove).
Keep the set up in part II-A ( steP3 o ﬁ {’ 0 k-

ad cart M with additional weights- \ %!
| a5 U
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| in part II-A. Record d, t, and At
3. Keep d constant. Repeat step 3 in part
4. Trax?sfer some weight from M to M, changing M' but keeping the tota] mass M "
- constant, and repeat step 3 different values of M.

_ O
Data, Calculatlons, and Analysis: | \F\
Part1: Q/ v

Create a table similar to the following, fill in values o At '

At,
{ .

G I | 5 Use lotus to analyze your results. Create
iéf% 0"3’} columns for v,-v, and 2(vi=v))/(vtvy). The
- \07 a‘?-; =) - second value represents the deviation from th

\ o‘f S}ém First law. 7 _,/}_-"k S
87019 | o, o) f) i L ¥
o ﬁg‘ ey ¢ & 7

39 ? 032 7 e i s B
i LR §

Table I First Law.

o 2 g = is

e"s : :
13——— ~Createatabletocontamt,At,v d. / . PN O‘C’Z
: 3 i
SHE Ll _t B ok Fill in table, .
_@1@; REE 9c (6‘ e 2. Plotv vs t on alog-log plot, calculate
B \OZ\@ o ‘?6& (/% 4 |ise slope. What does it mean?(Use
‘ S |25 €quations in theory section).
L 0.0%20 |\ i% A L 3. Repeat 2 for d vst.
o.o\® |15/ £9.6 flvV° _
; ‘ s
i > ::.7“9 s (L(gz.‘(") -
i 3/ Y
Part II.B: Nz O A ) 7

.‘
Create a table to contain M, M' t. G Use t, d to calculate 5 (d L1/2) 2
= = /ﬁg 2 PlOtM'g vsa, eI el -

At T —— 2
ERR S | - ;a_ culate SlOpe What isi tS
o 03¢}, PP i meaning?
oo s ol oo Polll] U cqation iy ey
2o | 0.8 T—30 L\ ,\,-1.;+.-~-- _ 7/\
3 Ll Y A T
2 9 loysb] 90 \50\? Q) R
W 5 7 ~ e
/ | b P :
b % =, B
i/ R = (32) - )

- H t
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EXPERDMENT g

'Momen't of Inertia of a Flywheel

T Preparation for i1, Experiment.

Read chapters 11 and 12 of Serway, PHYSICS, for scions: . .
1 modern Physics. : Jor scientists and engineers with

J J@}lywheel is very heavy. Beware of the possibility of injury if it falls op feet or

e

O . | s .
| O Application of the concepts of energy conservation to cases where both
~© 7 rotational and trans]ational motion are effective. -
- O Calculation of the moment of inertia of a flywheel. Q 2.
> R X et e e e i \.Lﬂ}}'-' 3
atus: ¢
g </

' : R
N
Theory: _

. As shown in the figure the flywheel is : b :
theavy object that is pivoted so as to rotate
"ahorizontal axis. The way this experiment — -
Sdone is 1o Jet the object m fall from fest i (
0 count the number of rotations of the

Ibefore and after the object hits ground. R &=

f Let] Be the moment of inertia of the g
Wheel define s .

Flywhéel and axle

: .I'eris

& : p dius of the '3_)(16,-
: L:tmthe XS of rotation, Let r=d/2 be the 12 5 of the-wheel before the -

wh;be e linear velocity of the falling g:ﬁt number of T Oﬁtiiziic@the wheel stops. If W is
B Weight reaches the/ﬂ_Q_qf, Letn i W%@}o be constant), then:
s :‘;}1 e; B0 and TV be tﬁ:ﬁiﬁ pér oné rotation ( ST

0L work done against 11 ey '

<& % oL
e = oG |
2 :

R be the radius of the wheél itself.

be the 'a‘ngﬁlar velocity of the flywheel
and ® b€ ga

the distance of mass element dm

.mgh=

—

i | (35)
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rmine W, we use the fact that the flywheel's energy is dissipated againgt
? F * &

To dete
friction incurred in N rotations, then :
/
W = Ly | gal‘:
g

wt S
52 e DTG W =
W 1& » W v

Qe tesult of which 38 28 ’io\\o\_ns: . ' B

¢ w n
mgh = Tm+g(\+“\

on another note, one can show that :
v=2% = 2x(average veloczty of fall)
‘hence;
mgh = 2f‘—m + ——(1 + Tv)?'
this will give finally for the Moment of inertia: . % |

I=mr (1) = %md{M(—'—nf |

(m—attached mass)

This allows I, to be calculated. The rass of the wheel used is, (7 124/- 0.01) Kg(This is
not m). All other ‘quantities should be ‘measured as. shown in the procedure below.

d\?é)

~.

Experimental: : e

=
2

Precautions

> The time of fall is small, so one should be care
> If the bearings are not well oiled, friction will
- motion of the system.

L> The thread must be well packed to avoid slipping.

ful a_bout accuracy.
prevent any reasonable

J

. . . f

a) The tlme of fall (un ing the fOHOng quantities:

til the mass hits the ground) .

(36)
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b) The number of turns the wheel makes until weight hits the ground.
c¢) The number of turns, after the wheel hits the ground, until it stops.

Calculations, discussion and Conclusions:

Create a spreadsheet to perform your calculations.
Tn the sheet, start by recording your data for the various attempts:

0k N, g e
- M=(12%000kg r=( £ ), R=( * ) 2%
| ha( =) ol 5.2

» Calculate the average value of I+/

In the derivation of Al, the following quantities are to & Q(_, g e e
: : 2-

AN Use sample standard deviation of N. =~ B

A Use sample standard deviation. G~ O . O 5 g 6

Ah  Use mstrumental error/ %

Ad  Use instrumental error. - | oy _ \

At Use sample standard deniation. ™ = e ‘ i) @ ct

» Assume the wheel consists of one cylinder whose mass is given above.

1. Calculate I using J= %MT;\Z - -
2. .Compare this value with ﬂ/{e experimentally obtained value forls

-

[

7-“'\?q-k****************** MY \
l“_,’f ‘ ; AL :_‘.‘.
\ e NEh /
Sf : :
! £ ~ ) ?’ : -
:‘.C oh e M1 t/’U \xf"_:‘:’~ J’ i
\ ‘:.' oy -)
':\"' "
i 2 2
’ i
TRy L . {)
Hot s =250 ,!J"&‘-"“, Z/{;‘
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e / R
%t R S S S EXPERIMENT #5

\Y |
h) : n 0
The Helical Spring
Preparation for the Experiment:
> Read Chapter 13 of SERWAY, Physics For Scientists and Engineers with
Modern Physics, Third Edition, on the subject of small oscillations.
Objectives:
This laboratory session has the follomng Ob_]eCtIVC
T
To determine the force constant for a; soft spring. Y, r
Q_Todete Hiting) Ny
[ study vertical oscillations of along spring. - . 5(@ .
Apparatus: i ({ ] F‘O:) .:;
A long helical spring, meter stick, and a stop watch. P‘ ! P F\f} 1
Yo~ '
LR =
Theory: _ » ,'{\r /C’ﬂf
When a weight mis suspended from the end of a soft spring, it wﬂl stay in equilibrium
under the influence of its we1ght and the _g:lastlc force[m the sp}rmg 4
1y = -f
If the spring is stretched ain addmonal\length y\,J and then released, it will oscillate v -
equation of motion bemg -
= 0L0L DO, il
&y ky e :
. o it e
o ;:EC solution to this equatlon is simple harmomc onic motion with angular frequency 3
: = m =1 . (,
- wh1ch g1ves the follewmg useful equatwn for the penod of oscillations: \_'-:'?L.*J OO
— i
But one has to include an "effechve mass for the s :
& e, pring in the above equation, S0
Pengg_fﬁjgéljllgi@would loolg_pmethmg \efollovvmg E -
mtm i b\ ( A 3 #i‘
. T = 2 : j) %V i .
v ( The spring mass is usually neglected. To compensate for the errot th 1ol ce
B i5the equaﬁ:;)s\” = “C{T_n Mgy 1s introduce
= Sl
4 2 xn - T 74 .
TS M £ X X Ve
a / 2 " . \
S 7 L ¢ Z s J \'%::/ 7
i . 3
i / D
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Experimental:

\
. The figure shows a

schematic of the

experimental set-up for both

parts of the this experiment.

(-
| Meter Scale
‘} PartI:
: The purpose of this part is to determine the force constant of the long spring.
1. Place the spring in a vertical position and suspend the pan
holder for weights.
2. Mark clearly the lower end of the pan and use it as your zero
i point for the y-axis.
£ 3. ‘Start adding loads and record the extension Ay vs the added
mass m. '
e < T
) il A
7 P art I | ; : ;
i B - This part is used to study oscillations of the spring. ol
,/, 1. Load the spring with a given mass m.
j / ; +f€ Stretch it slightly and let it oscillate_in small oscillations.
i s |6 »3. Using the stop watch, measure the time for 10 oscillations

g o *7 then iise it to.compute the period T.

o i =
| @R\

/)ﬂﬁ s %{V
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Calculations, Discussions, and Conclusi_ons:
PART 1I: Calculatior e force constant of the spri

Create a spreadsheet to perform your Calcﬁlatzi_on_s. _

—y
.

Create columns for Ay, m for both loading and unlo
Create a column for mg, and plot mg versus Ay.

. Perform a linear regression analysis. The slope is the force constant k and the Y-intercey
should be indicative of how accurate the data is.

- Small Oscillations of the Long Spring

ading cases. Fill in your dats,

w N

1."-Create columns for m, and T2,
2. Plot T* versus . Perform a re
3. Compute k again.

(_7. The effective mass of the spring can be obtained from the

gression-analysis -arrd‘compﬁte the slope and y-interéept

intercept.

3.

For all computed quantities, calculate the uncertainties.

& 3k ok ok ok %
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% 5 /
 Experiment #6 ~ ) /
t .- . : * ¥ . - y_, .
_Torsional Torques and the Torsional Modulus
Laboratory Objectives: T el SRR | G

The torsional pendulum is used to study the elastic properties of Alummum and Steel

rods. The torsional constah,t is defermined; its dependence on-rod geometry is analysed, and the
shear modulus for these materials is determined! .’ e :
e ——— = ;

X e S

~——

Apparatus and Method:

The apparatus is shown in Fig.1. A massive dumbbell shaped object is fixed to 2 thin

metallic. rod' ( al}lminum or Steel). The system is twisted and set in vibration. The period for
small vibrations 18 measured and is related to the torsional constant. '

Theory: o Bt o
The period for small oscillations is giveeby: /7 .~ - : ¢ s ey \

N 2 5 % — . N _‘,_-___

—~L W , e 0 /
s v B ok
T'= 2Tl 55 cvvvmasunasrencvivasss 1) i ‘
where T is the period, I is the moment of , . »
inertia of the system, and k is the torsiomal | il /
constant. Note that the'mass of the rod is small Metallic rod 5,
/ compared with that of the dumbbell, and I is et :
" therefore constant for the whole experiment andy . B

is determined once. (Ieq is negligib le) Scale\
\

-~

—
—

. F.Or'daSﬁC twisting of the rod, the torque T is KDumeell_Ma '._\.re System™ | J
related to the twist angle A__‘e'by e i - E— i
T =Mt L 2) 4

% /"‘/ . .
where ¥ jtsclf is related to the dimensions of the 1od by the following relation:

/

In this last formula, G is the shear modulus, d is .ﬂle_;od's djameter, and L is its length.

R S e

—

Experimental: : %

STEP I: Determine the moment of inertia of the apparatus as follows:
1. Using ; one rod ( pickedlét- }andom), twist the system thI'Ohgh six different anglese calculating
T each time, Plot T vs O, and use the graph to determine .( To calculate the torque, the applied
force should be read from the spring used t0 pull the dumbbell object ).

—~

-

(45) /71;,: St @’
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2. Set the dumbbell object into oscillation by pulling it with the spring and releaéing it. Me,
the period of oscillations for-the system and determine I by using eql_lation 1. This value

. for I
going to be constant throughout the experiment.

STEP II: x versus d (the rod's diameter). ; = ; gl

1. Take all Aluminum bars having the same length.- . :
2. Perform small oscillation experiments on each determining ‘the ;period for each rod. Create
table similar to Table II below. '

STEP TII: : _
Repeat step II for fixed d, with L varied. Fill in table ITI.

C’J'I“gl\;le lI:- K vsd. j \

Table III: Kvs L \

el

————

Calculations:

1. From tables IT and I1I, plot x vs d, and;x»—versys;iBn l}g-lo g paper. Use this to determine ®

and n in equation 3. Use the same lot%:t”c‘f determine G. Find the averagé value for G and recod
it down. Sy el e average valuo for G and e

2. Report the error ].D' the'value OfG from a proper "propagaﬁon of el'.["OI'S" calcul ation. (RCfeI t0
the error analysis section at the beginning of this manual).
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Summarize your results in the fo

]los_w'i_ng sheet: -

' U Toe® oo . . ) , il . . -
» - % B % ] »
. (S —— .
-
: b s
e s '-'—""? -
el it f .

:
{

S
s
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Preparation for the Experzment

> Read the introductory article on the use of the oscilloscope and the s1gna.l genera

. > Review chapter 17 in Serway, PHYSICS for scientists and engmeers, with mo .;
L physics. :

Th!S expeument aims.at the generatlon of sound waves |n alr and the calcyl

- 5
Appamtus-/’QR /-f""’ﬁ < - AV $ > @\/ 32‘?(?-’ )

Resonance tube, s;gnal generatojr/osc:lloscope mlcrophoneé and an.amp
,——-"—-v‘—'—'-—“‘_""' NP

vz '):'42 9 -

Tkeoz:v '

—For atube closed at one end, the condition for
resonance is resulting from the formation of a nodé-at the
closed end and an antinode at the i open end: This leads to |
the’ followmg cond ItIOI'lS for the first and second \,3 /(’)_

res?cﬁis shown schematically in n fi igure 1: v, \{
BVt L J< g \f‘ A _§.;I'vl\.
Y :Fc 1 H’ L. A .@ ) Q

where e lS called thé( end correction ( T £ antmode
~occurs outside the tube). By subtracting the two equatlons

ff6m one aﬁotherﬁﬁa’ets : g =
- L2-Ly= " f*

__Which using; Af= \VJ, where fis the frequency and vy is
Speed of sound in alr,\gnfes for v

E’C{Penn% QI{('I:2 ’1") 3 \ L jc / N/f

A schematic drawing of the expenmental set-up is -
shown in figure 2.

The signal generator is connected to one microphone ;
1o produce the audio signal. The second microphone picks up a weak sngnal whick
ampllﬁed and then sent to the oscilloscope for display together with the original s

closed at one en .

4 T SRR
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The experiment /—f\
nsists of raising > TUnnel. .

G(:ld lowering the ? Signal generator . \

?unnel so as to | E\/ “Silascops

produce different | | hicrophones Y

heights of the water

will occur when the i amplifier
height of the air - |
column is an integer

multiple of @ quarter
wave length on the I
first order and three L=/4
'@n quarters of.a
wavelength on the ;e
second order. These | -~ | S E
lengths are recorded- - '

f | against frequency. K
“r Important Note: ' /

i Fig. 2: Experimental Set-up for the sound waves
I Frequency should be

computed from a measurement

: of the period of the original signal using ¢

the oscilloscope. Reading the dial on the frequency meter is not accurate enough!

Calculations, Results, and Conclusions:
> Create a spreadsheet with a main column containing the frequencies at which resonance
is to be looked for. Begin around a frequency of 350 Hz, and then increase it by steps of

about 50 Hz. (The frequency does not have to be exactly 350, 400, etc.)
and compute 1/. :

air column

For each frequency record Ly , L2

4
ff | COmputed from 4/T as measured from“{he oscilloscope. (T is the oscillation
d Period).
> :near graph paper. )
hia ‘ PllcjtS ;,;h a;lc\l, arl,ljex;efstsa?:‘fe gnfgf:heg;mpe and the y-intercept to compute the speed
A : of sound and the end Samschod (e)'uantities computed above.

> Compute the error in both experiment® 4

(51)
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EXPERIMENT # g

The Thermal Expansion Coefficient-
‘-‘B?Eﬂrass:
——— -

Preparation for the Expenment
> Review chapter 20 in Serway,
physics.

> Note the table in appendix C which lists the linear expansion éoefﬁcicnts of severaI' ‘

PHYSICS for scientists and engineers, with mode .;

materials.

N

Objectives:

; -The objectives of this experiment are: : :
a To_determme the coefﬁcwnt of linear expansmn of a brass rod

a To learn how to cahbrate an mstrument (in ﬂ'.llS case for the indirect
determination of very small distances).

Apparatus:

A brass rod, mirror/scale assembly, 12 V power supp

ly ( to heat the rod, and light the
lamp), meter stick, micrometer, and a thermometer. , '

Theory:

Most metals expand when heated. Their expansmn is hnear qver wide ranges of _
B iem ﬁ length of a metallic rod whose length at tempera/tu\IFT‘To (room temperature)
3 s Luﬂan be found at temperature T{T0 ‘C by the following relaﬁonsth '
o / -

RIS L(D) = Lo(l + OL(T— To))\
4 |‘£\ ; D( ; D T .
1 where a is called the _hg:c’:ir’g,o_g@i01ent of thermal expansmn ,.

B h A
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i

Experimental: /
The brass ' 12V a.c. supply

rod is fixed at one | ) ‘

end as shown in - \/\/f i i
e ﬁguré. The , Mirror _

, ; Brass Rod _ Light Source

other end 1s / "

allowed to expand =B :

and pushed against \/Vf\/\/\[ VAVAY!

the back of a

mirror. The mirror /

is held with a - Heating Coll Meter

rubber band. A : / Scale™y %

light is reflected ' ; =

from the miitror Mirror Support =
" onto a meter scale =

and the position of =

the light on the Fig.l: Experimental -Set-up for the —

scale changesupon { ~ det ermination of tthe thermal =

expansion of the expansion of brass. =
brass rod. Two J
main steps in the

experimental procedure are required so as to build the length versus temperature data:

2 We is to-be created between rod lmﬂe reading.
2. The scale reading is to be recorded against temperature increase and then decrease.

From these two éteps, one can build the temperature versus:-length data required to
&nt of thermal expansion. \ ; //i‘ R L

§om ] et

\ DI
s oWy

1. Measure the thickness offl O)identical_piecesq')f pl;s_tic;) T

n  Start inserting the pieces one-by-one between the brass rod and the mirror and record the
total thickness of the inserted papers versus the scale rea T A e

3. Plot on a linear graph the scale reading versus thickness inserted.
curve! 3

STEP I+Calibration Curve

This is your calibration

STUDENTS-HUB.com
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STEPTL: L vs T datg

1. Remove all plastic slips.

.2' Mf?asuxe the length of the rod from the point of clamping to the point where it touches
murror. This is L,

3. Now turn on the heating transformer (12 V a.c.). Watch the thermometer and record th

scale reading versus temperature. Wait until the temperature stops rising. 6
: 4. Turn off the heater and repeat the same process while cooling down. P
: E
Calculations, Results, and Conclusions:
I
> Plot a calibration curve derived from table I above. 3
> Use this curve to convert your temperature scale data of table Il below into -
temperature-length data. [ C( A (T.- N L
' P 6 . | !

Ty - | | - ).
lez. ¢£- 5 vl o : T- T
¥ Ll (s gy Lo (T )
© > Take the-point:(53, 35.7) from table II below, where T=53), and st35.7. )
» From the calibration curve find the thickness of slips ¢orresponding to s=35.7.
» Add this thickness to L, and record this as 1(53) in table II.

, e 3 : : | Ty
> Plot L(T !‘versus_rSE.- The slope of :r]:us ﬁne/-@ Ly and its Y‘-\1L1i’u3rc<;.ptr 15‘\ L-oLg To ;
> Perform the regular regression analysis and calculate A also. = “- @ —= - '

Table II: Thermal Expansion of Brass
Remember

X .calculations on a spreadsheet! This will let Yyou d, 5 .
erform all your b aphing in the same environgig O regression analysis and

(56) SAAY
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| EXPEMN T #9
ThenhalConducﬁva

/ _. Preparqtion Jor the Experiment: '
» Review chapter 20 in Serway,

PHYSICS f tenti . _ _
PhYSicS-‘ oY sclentists and engineers, with modern

_ !
Qbjectives: | _

The objectives of this experiment can be summarized as:
» To familiarize oneself with some %) thermal properties of insulating materials. ¥~
> To defermine the thermal Conductivity of ebonife\and glass using/
——;"' X =y - ‘,'_',_t_X {' ?JQQ_,) _l\_ = ﬁ__(,
Apparatus: = el T -
L‘ee's-__'_DiskFappaI'atuS ( from Griffin and George ), stop watch, holders and clamps,
mercury fiermometers, rubber tubing, and a steam heater.
Theory:

o : ’/} : t irs with one at a
If a medium havmg conducf_;mty},(, is place%{‘%%\tfv;ep t];‘;zthi:atrzz‘?r?e]fdsaccording ol
temperature (T, ) that is higher W\ﬂ,\} 7 1en Sed Ao Te

following equation; ‘4&’ e i G :
el : /%% = -—IQ?[%; .......... (1)
where A i&hﬁfms&sqgﬁénﬁl’ N
area of the thermal conductor, dx is 1ts :

thickness, and dT is ‘the temperature : :
difference across its ends. FheTate-of —
heat transfer also depends on the mass

OIM'H heat is transferred.1nto ’]—2‘

M
() ot of e
this rateis given by:
e & '
2=—MCE..5 i .
. Cis called tthngl_i;‘Z',th_ e~

and dT/dt is the rate of change of the 1).and (2) when a block of copper-of known
ddT/dtis the rate of change OFh® - oot (1).and () when 2 block of copper ¢ Jo¢
object's temperature. In this experimenib W2 =25y nknown. This yields the bica el

Cf held in contact with axrebouite S WEGE =2 57 S

- s e
B e ~

Experimental: L a&gé}?&ﬁ_ﬁneavy copper disk C’,' suspended from

The apparatus, s owr;( in ﬁif:d (’m top of the disk and is heated by passing steam through ,
a firm stand, The ebonite disk 1S P the ebonite.
a hollow cylinder which is placed on o8 Of j

e o

3 - i< that it is nickel plated.
1 o disk is white 15 3
The only reason that the .

(59)
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- a hole near the bottom of -

gy
52
g

STUDENTS-HUB.com

r

~

~ =

The temperature is
measured in two places: in

cylinder A and in the disk
C. The following
procedure is to be
followed to calculate the |
thermal conductivity of Vo

ebonite: e
Steam ITEE |

1. Suspend the Lee's
eboV .

disk apparatus
horizontally.
2. Start heating the

water container | R

bl

and observe the -
temperatures T, , -

&

RN

- Fig 2: Leg's Disk Apparatus

.

. SleamOtt,

— !
_-_._(/g !

lherrnometr§ 1

T

\

.
t ’
g = . " .
. S O

n’abd T, ise as the
steam passes -,
through cylinder A,

. When the temperatures stop changing ( the

Plir s smsoorma

w

temperature(T, +10).

the table below. -
Measure the diameter of the ebonite disk, its thickness,
ParoT Sz BT 2. 215 LA :

—SEL y state) record the two temperatures
4. Remove A and heat slab. C directly by the burner to 10 °C

. Stop heating and allow C to cool down while recording T as a function of time creat

- s ——

and the mass of slab C. -

higher than its steady stat

Calculations, Results, andi Conclusions:
In the steady state, the

exposed surfaces is equal to the
e, . Tate of heat

 rate at which slab™C Joses heat to ﬁlf;
transfer through the _éfboqip disk.

s T .
Strroundings through

o EL
Hence: ¥ \ A
S . d
f‘/\ \{\ .
sl N\ 2N
To Obtain dT/gy
I t
— and find its i 1iija HtemPerature TZ we plot a cob
One can IlOW 00 \ 3 al;&
mpute 1 ~—— s 4
Compare your resy] With that i% 1\{0‘(6 that C for copper = 0_092/_@17@ C. Compl.lte ,
 Obtained from the handbook of’cl%éﬁnisﬂ'y and physi®>
4\ A e S /
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! s ~
By \3° O‘”ij
| NN ' g
f | EXPERIMENT #10 O OUG’) o
&
; Torque and Angular Momentum =
/ o f \ ¢ B
e ) oV
) Foe s ) il 7 /
\U Preparation for the-Experiment: )
™ » Review chapter 11 in Serway, PHYSICS for scientists and engineers, with modern
physics.
» Review the introductory article on the use of the timer counter at the beginning of this
‘manual.
Qbjectives:
The aim of this expenment is to study rotahonal mouon ofa n id bod w1th constant
acceleration by studyi @O
J57s i L\
O the variation of the angle! of rotation w1th fime. "~ LY. 3 & -
O the variation of. ancularmelacxty with time. L) \ '
D the dependence of the angu]ar acceleratlon on the he applied torque. % i
O e
Apparatus: : T \
Rotary plate asscmbly mcludmg angle scale, retaining device with release, weight holder, @\3
and weights. Light barrier and timer. ; \ por B ( 5
Theory: et gt j@ L (o & NS
A rigid body rotating about a fixed axis is subject . : AN {\@) b
|  totherotational version of Newton's 2nd Law: TN e D ox of
5 {*" T (1) Pty | &
Where  [is the moment of inertia of the ng1d ( ; 1 "
body, L is the golal,angular_momentum of the ® S
system, and-is the angular Ve velocity. of the body. A net .
force causes a body.to accelerate. hnea:lyé,r_@_ig;gge , % me i :
causes an object to accelerate in an angular direction 'o ZC/(C
(rotate). The derivative of (1) will put this relatlonsh1p in g 6
the familiar formz o Ak
_* i dL fo-() ig. e welght- is system
L _ 2 d[q)...(2)
| where o. is the angu.lar SEceleration of the rigid body and t is the torque actmg on it
~ given by: 3 : /l;— P
f Tl TR s vinserouvisnsts (3) ; /
:j In this experiment, for the disk being pulled down by the hanging weight the total
t 1 external torque is given by:
[V = ors s ...(4
] T =M s, “@ b‘&\

L;\wgw \fk_j &{g\
"y (63) >~ @7
: Y NS)/
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رماح دحدول
Note that :
it might be not included in the final exam
you gotta ask about this :))

رماح دحدول
Update :
it's omitted completely from the whole course ! :)


02%h  osleths | B
/alld\thji%l o @/jﬁt fﬂ%‘ﬂ

1S equal to 1 tions att—O ) yo
angyar position ang V610c1ty—lg Starting with the following initial conditions ( at =0 ), for the Wl / fix {
, one gets the following sohmons for the time dependepce 8 ; v’n'
| Fcr) an : . ag\Jr % Fint
T Loahbs @ | T i
\}e 1mgr o 1 2 Z i : ;ab A
oL B 3] Y A o) - i
The moment of ; ied b 4
nt of inertia is fixed, but the torque acting on the disk can be varied by either -
_varying the driving weight or the radius around which the string holdmg the weight passes (three 8 =
different radii are available). L
w2 o< -
pretimnmi Procedure: @ [ #) - ZL_ c<+, Air
for the experiment:™ - ’ , g %, | Blower
Before doing any experimental —- \ 5 il 2_5 o~ O ‘-\ & :IL
* -parts, yau need to set the ‘apparatus up. i N ; Rotary Disk
properly. This-involves the following steps: “Light Barrier — :
~ 1. The experiment is set up as in / : ‘
figure 2. ) Al ' |
2. Therotary diskis adjusted tobein \
a horizontal position. - Timer L. sector
The air blower is connected and Gounfer J =+ mask
made ready. It used to eliminate s
friction between thedisk and its Fig.2: Sch’ematics of Experimental Assembly. 4
supportrod. ’
4. _The timer and light barrier are connected to measure the proper quantity ( in this :

expenment either t or At).

: 5. The air blower is. syntched on. O %\6 Toa s _ {
Part I: Measurement ﬁ d © s a function of time:

1. Changeth the light barrier to choose abouf 7 angles from 0 to 360°,
2. Foreach angle measure t (thc time it takes the disc to travel the angular distance 9) 2nd £

AL all time interv es the disc to cross the light barrier) by setting the timer

ew_m the experiment i for the lmear case (Newton's laws of motion).
3. Determine. ﬁﬂ_@mﬂp o=A B/At andrecord your data in a table like table
1 below. ( AO is the width of the mask (see ﬁ;%e) in radians)

c=3cmadm&em 24e 2L, 3|
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| Assemb.

this

v 3 - /:\
“usd & - @iq/ J@V
L Dependence of the Angular Acceleration on the A ?i‘d T | §e03
4, Varying the hanging weight mg. e @ = Tp
1. Fixthe angle at 6 =2m. yﬁw
5. Vary the weight, and for each weight measure t and At. g ’U/L
3, Find @ for each weight (\.156 ®= AO/Af) and also find o, the angular acceleration.

20
@=7)
4, Arrange your data in a table like table 2 below.

ngo r—%gg;-gpde-nrafl- B &f .-

Table 2: Angular Acceleration 252 function of Force (mg)-
B. Varying the lever arm. o ; '

15 gm) and also the angle constant 8 =T. Ca

1. Keepthe force constant (:’m=
adii filling table 3 below.

2. Repeat part IL.A for different S

g =nand m=15 gm.

e Table 3: gular Acceleration Dependence on the lever arm.

Calculations, Results, and Conbiusiglhs: Q £ »\D
Part I lm@ ¢ Hetk o

1. Plot e:mdé; vesus ton log-log graph paper. /.. ;’__ s
2. Determinethe slopeine t on thie meaning of these results.

ach case and commen’ : i
3. From the graphs find the momént of inertia of the disk (1% AD). (Mb.\ i 3
Lonwo fnddind e

Part II: i e b i
“1 From tables 2 and 3, plot the aéceleratio&’%ersus the force Fand versus respectively,
on linear graph paper. o P R
2. What do these graphs mean? ) : A \
o it with the results of part . Ladbf{ {\l%

3. Again find (1+AF)and compar

@6942W§T-

i il s
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