Abstract :

1. Theam of the experiment is: to find the density of a metal and then to find
the spaces between atoms in the metal given.

2. Themethod used is : measuring the length , width , thickness and mass of the
metal with vernier caliber , micrometer and a balance scale .

3. Themanresultis:
p= 6.8+0.03gm/cm’

spacing between atoms (a) = 2.302 A°

Theory :

We find the density of the metal with the equation :
_ Mass _ M
P Volume  V
and with our rectangular shaped metal of thickness T, length L and width W , then
VolumeV = LXWxT .

To find the error in the density , we calculate the uncertainty in p .
Ap _AM AV
P M \Y

butV=LxWxT
so that the uncertainty in V will be :

AV AL AT AW
S
\ L T W

Then we cafind the approximate expression for the distance between atoms in the
metal given.

Thetotal number of atoms ( N ) in the material = nN, = % N,

Where (n) is the number of moles, N,isAvogadro’s number = 6.02 x 10* and
A, is the atomic mass of the material .

We assume that each atom is contained inside abox of volume a*. Then the volume
Vis:V=Nxa’.



XINNA MN , xNA pxN,
SO a=s AN

pxN,
Procedure :

a) We obtained ametal block , caliper , micrometer and balance scale .

b) We measured the length L and the width W with the use of vernier caliper .
We repeated the measurement five times each time from a different place .

¢) We measured the thickness with the use of the micrometer and also we
repeated the measurement five times from different places .

d) Finaly we used a balance scale to measure the mass of the block .

Data :
Table of the datain the exp.

M =30.06+0.05 ¢ average
Length L 5.220 5.240 5.225 5.235 5.230 5.230
(cm)
Width W 1.925 1.920 1.925 1.925 1.915 1.922
(cm)
Thickness T 0.442 0.438 0.441 0.411 0.411 0.4406
(cm)



Calculations :

L= 5.230cm T= 0.4406cm W =1.922 cm

o (L)=79%x10%cm o (T)=151x 10° cm o (W) =4.47x 10° cm

AL =0.004 cm AT =0.0007 cm

AW =0.002 cm
V =443 cm’
p= M _3006_ 6.80gm/cm®
\ 4.43

AV _AL AW AT _ 0004 0002 00007 4.0 o5

\ L W T 523 1.922 0.4406
AM _ 005 _, ggy10

M 30.06
Ao M LAY _506x10°

p M \%

Ap =0.03gm/cm®
p = 6.80+0.03gm/ cm®

Returning to appendix e we assume the metal to be cast iron

a=3 A _ 3\/ ©5.84 —~=2.302x10° cm=2.302 A°
pxN, 7.6x6.02x10



Results and Conclusion:

p =6.8+0.03gm/ cm®
a(spacing) =2.302 A°

The result of density here is different from the number shown in the appendix e
and that result is related to a problem with the balance scale, and that for after we had
calibrated the balance scale and after that it was used by other students and was
moved from its place without enogh careful. For the the time wasn’t enough we
couldn’t check the balance scale carefully so we used it with this situation and this
caused the error that happened . And another reason is that also for the time wasn't
enough we couldn’t redo our measurement . And for that our measure was 30.06 .

If we revised that result and made a simple change we would put the mass to be
33.66 gm to make the denity be the right measure asisit in appendix e.
So that we could correct this systematic error by adding 3.1 gm for mass and continue
the calculation .



Abdract:

1. Theam of the experiment is: to find the ratio R between the linear
momentum before a collision between two balls and the linear momentum
after so asto test the law of conservation of linear momentum which says that
"the linear momentum of an isolated system is conserved ".

2. Themethod used is : measuring the horizontal distances after the balls fall and
measuring the masses of them .

3. Themanresultis: R=1.06+0.02

Theory

First we use two balls with the same diameter so that the direction of the force that
happens with the collision between the two balls would be straight so as to make the
direction of the velocity after the collision for the pushed ball horizontal ( by making
the diameters equal we make the centers on a straight horizonta line) , so that we
would make sure that there is no vertical velocity toward the ground would affect the
motion of the ball .

We also make the heavier bal push the other ball so that the two balls would
continue their way after collision horizontally to fall on sand wit different velocities .
We don't choose the balls with the same weight because when the collision happens
one of the balls will stop ( the pushing ball) and the other will continue with the same
speed of the pushing ball before it stops. We aso don’t choose the heavier ball to be
the pushed one because the other ball would return back and push the heavier ball
with alittle force and make move softly .

We assume that the mass of the moving object = m , the velocity of it = v and the
momentum of the objectis(P) . Then:

P=mV
We consider an isolated system consisting of N objects, when the object no. i is

moving with avelocity with mass of m , then the total momentum of the system is:

P=>mV,

M-

Assuming that the mass of the ball 1is m,, the mass of the ball 2is m, , the speed
of ball 1 before the collisionis V,, , the speed of ball 2 iszero (V,, =0) , the speed of
ball 1isV,, and the speed of ball 2is V,, . We definetheratioR as:



R=

50,0

P, =mV,, +mV,, and R, =MV, + MV, =mV,,
Then by substitution: R= MV, + Moy
mvy,
The ball fallsin aparabolic trgectory inside the tray of sand .The vertical distance

from the point of collisontothesandis y= % gt® where g is the acceleration of

gravity and t isthe time of flight for ball 1 which also equals the time of flight for the
two balls after collision because both of them are falling freely under the acceleration
of gravity and with the same initial velocity which equals zero .

t= |2

g
Weassumethat X,, isthe horizontal distance for ball 1 when it falls on the sand
(beforecallision) , X,, isthe horizontal distance for ball 1 when it falls (after
collision) , and X, isthe horizontal distance for ball 2 when it falls (after collision) .
Asshowninfigurel & figure?2.

Then wefind

Heavier ball Before Collision

- ‘S(lb
figure.l.
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figure .2.

Then we find the horizontal speed of each ball to be:

V]b :& — le = Plb — rr.!I.X:Ib
t  \2y/g J2ylg
X X m X
V. —Ma _ la = P = la
la t /—Zy/g la 2y/g
V _ X2a — XZa P — rr.I2X2a
2a t \/Zy/g 2a /—Zy/g

Substituting the equations in the equation of R we find that :
_ P _mXwa+mXa A
PB rn.Lxlb B

R

Where:

A=mXw+mXza B=mX,
AR_MA 2B
R A B

where  AA=mMAXi1a + X1aAM, + M,A X 20 + X 2aAM,
and  AB=mAXp+ XnAm



Procedire;

First we fixed the curved track on atable and fixed the tray of sand certainly under
the edge of the table . Then we chose two balls which have ailmost the same diameters
to be used in the experiment. After that we rolled the ball no. 1 on the track and

measured the distance X1, on the sand , and then we made the surface of the sand flat
asit was before the ball fell over it. We repeated this operation five times.

After that we stopped ball 2 on the edge of the track and then we rolled the ball
no.1 toward ball 2 to make a collision between the two balls . Then we measured the

distances Xiaand X:z2a0n the sand after each time we made the surface of the sand
flat again. We repeated this five times.

Then we measured the masses of the two balls with the balance scale and repeated
the measurement for each ball two times for checking.

The datawe got is shown in the table.

Datz

m =16.71¢g , M, =496¢ , Am =0.05¢g , Am, =0.05¢g

No. Average
Xy, (cm) 42.7 42.8 42.5 42.6 42.8 42.68
X,a(cm) 25.8 254 26 26.7 26 25.98
X,.(cm) 64.1 64.8 66 65.7 66 65.32

Caleulations

n_ MXia+MXo _ 16.71x25.98+4.96x65.32 _ 758.113 _ (o000 1 o

m Xy, 16.71x 42.68 7131828
AX,, =0, = T5 = QATHIOETI _ 510713075 = 0.20m
J5 2.236067978
AX,, = =0z - 084083292 _ 4 56031013- 0.4cm

J5  2.236067978



AX, — o = O _ 0130884048

= s - O 0.058309518 = 0.06cm
J5 2.236067978

A=m X1 +m, X2 = 758.113g.cm
B=m X, =713.1828g.cm

AA=MAX1a + X1aAM, + MAX 20 + X 22AM,
=16.71x 0.21071+ 25.98x 0.05+ 4.96 x 0.376031+ 65.32 x 0.05=9.951133772g.cm

AB=mA X1 + XwAm =16.71x 0.058309518 + 42.68x 0.05 = 3.108352046g.cm

AR_AA AB_ 9951133772 3108352046

=0.017484316
R A B 758.113 713.1828
AR=0.017484316 x 1.062999 = 0.018585811 = 0.02

R=1.06+0.02

Resubls and Conclision!

R=1.06+0.02

| think that the result here is different a little from the real value ( the result here
ranges between 1.04 — 1.08 while the real value is 1.00) and this is related for some
expected systematic errors during the experiment .

First if the lower of the track is not horizontal this would make the ball 1 before
collision has a vertical with the horizontal one which we assumed that the vertical
speed is zero and this would decrease our measurement for the horizontal distance on
the sand. And like this would happen when the collision happens that the ball 1 would
push the other ball with a force which is not horizontal so that it would affect on the
angle of flying for each ball and make the horizontal distances measured on the sand
less than the wanted one.

On the other hand the two balls we have chosen could be not the same diameters
which we assumed at the beginning and this would affect that the force from the
pushing ball won’t be horizontal because the centers of the two balls won’t be on a
straight line as we assumed to make the velocities of the two balls horizontal and this
would affect the measure of the horizonta distances just as when the track is not
horizontal.

In another way the measurements taken with every instrument can’'t be very
accurate because we aways take the middle of the hole the ball would make when it
falls on the sand and this estimation for the center of the hole can’'t be always very
accurate because it depends on the sight which not accurate.



Abdract:

1. Theaim of the experiment is: to find the density of aliquid.
2. Themethod used is: the U-tube method.

3. Themainresultis: p(liquid) = 0.83+0.07gm/ cm’

Theoryr

Fluids exert forces on the walls of the containers they are in or any other surface
they touch. When the liquid is at rest, it makes ( exerts ) perpendicular forces on the
walls it touches.

The pressure of fluid on a certain surface is the force exerted by the fluid per unit
area.
force( perpendicular) —p_ F

area A

Pressure maybe different at different points below the liquids surface, the pressure

islarger at points farther below the surface.

Pr essure=

We take a portion of the liquid at a shape of a cylinder.
The pressure at the top of the cylinder = B, and it is P,at n1 I
the bottom of it. The liquid above pushes the down with P A
force PA, the liquid below pushes with a force P,,, and
the weight of the cylinder acts down with force=mg.

The cylindrical portion is static equilibrium, so that the
net force acting on it is zero.

PO

P.—mg—-RA=0
m=pV = pA(h, -h,)
RA-pAg(h, —h)-RA=0
P,A-FRA=pAg(h,-h)

P,-R=pg(h,—-h)
And so the difference in pressure depends only on the difference in the vertical height.

We use the liquids with densities p,,p,where
p, > p,then:

R —P.=p.0L,

P -F=p0oL
but the points B, D are at the same vertical height in
liqud so P;=PR,and P,=P.=P, ( amospheric
pressure on both the open sides of the tube)
Also liquid 1 will be water with density of p, =1gm/cm®.

We notice that we add coloring pouder but because the quantity we added was so
little with comparison with the quantity of water we have. So its effect will be




neglected ,even if the coloring material was Hg , we also neglect the effect of the
atmospheric pressure in the place we have done the experiment which was different
from the standard one because water as all liquids can’t be affected by pressure. We
also neglect the effect of salts which were contained in the water we used in our
experiment , since it is not pure, because the quantity of those salts is very little with
comparison with the water’ s quantity , the water is suitable for drinking.

Then piL, = p,l,
L = p,Ls
L
P2 ="
27

Tofind theerror for (p) :

where AL, = A, + A, AL, = A, + A,

Procedire;

First we added suitable quantity of water to the tube and made it equilibrium on the
table to make the two surfaces of water on the same height on the meter fixed on the
tube.

After that we started to add the unknown liquid on one side of the tube ( a quantity
of about 3 centimeters cube ) and then we waited for about a minute to make the
liquid equilibrium to take the right measure . We repeated those measurements five
times and put the data taken in the table shown .

We tried to measure A,,A;, A, by fixing aruler and taking the measurements with

it.

Datz

No. Average
L, (cm) 4.10 9.10 115 135 15.3 10.7
L, (cm) 4.90 11.0 13.9 16.3 185 12.9



Caleuldions

AL = A, +A; =1.5+25=4mm
AL, = A, +A, =15+25=4mm

L, =10.70cm
L, =12.92cm
from the graph slope = ab L)y =(L), 15324104,
AL, (L,),-(L,), 185-4.90
_L _1070_ 0.8282gm/cm’
L, 12.92
Ap = Al al, 04, 04 0.07gm/cm’

—2 = +
L1 L. 10.7 1292

p =0.83+0.07gm/cm®

Resull: and Concliion:

p =0.83+0.07gm/cm®

We find that the density calculated as shown in the report corresponds with the
density of the oil of Paraffin (the density is shown in the table of densities in
Appendix E page 113 at the laboratory manual ) with the range of error calcul ated.

We should mention that the tube we used was clean inside and need not to be
cleaned again, if it wasn't clean and have some dirt inside of it ( because of remaining
liquids inside ) and this causes the density of the liquid which would be added to
change and not to give correct ratio at the end to give the wanted density. We could
solve this problem by adding a few cm of acetone in the tube and shake it well then to
pour the acetone out of the tube.

Another point we must mention is that we wait for about a minute after adding the
amount of liquid each time before taking measurements because some of the liquid
could be stuck at the edges of the tube inside and those stuck amounts would come
down by taking some time to become apart of the liquid we added and would make a
difference of the measurement.



Abstract:

1. Theam of the experiment is: to test if the material is Ohmic or non-Ohmic
materia by the plot and then finding the resistance from it.

The method used is: Voltmeter — Ammeter method.

Themainresultis: R=

W

Theory:

Theresistance R of ametallic conductor is defined by:

voltage V.

current |

where | is the current flowing through the conductor and V is the potentia difference
applied between the endpoints of the conductor.

R=

Materials are divided into two parts according to Ohms' law : Ohmic and Non-
Ohmic materials.

For a metallic conductor the resistance is constant provided that the temperature of
the wire stays essentially constant because the resistance R doesn’t depend on either
V or | but on the temperature of the material.

Figure 1.0

We can test if the material is Ohmic or not by plotting a graph of the potentia
difference V across the material against the current | through it keeping the
temperature of the material constant. If the graph is not a line the material is Non-
Ohmic.



If two resistors are connected in paralel then we can substitute our resistor
equivalent to both of them of magnitude R, where:

1 1 1 RR,

— -4+ =R -=

R, R R R+R

If two resistors are connected in series then the resistors could be replaced by a
single equivalent resistor R, :

R=R+R
The uncertainty in R (AR) is calculated by:

AR_AV Al
R V I

Procedure:

A. One Resistance:

We connected the following circuit using only one resistance which was R1.
We are provided with a power supply of 3 or 4 volts.

+ l,.r;;_-\," -
_ Ry
Figure 2.0
T F1orEzZ
Acircuit with one ey
resistance.
Rh Rg\
—E |
E=3v

We estimated the uncertainty in our measurements in the current and voltage
from the scale of the voltmeter and the ammeter we used (Al,AV ). As we used the

scale of 3 voltsin the voltmeter where every volt is divided into tenths our estimation



of AV was AV = 0.1lvolts, also we used the scale of 50mA in the anmeter so we
estimated Al = 2.0mA.

Then we measured the current | in the resistor and the potential difference V
across the resistance. After that we changed the current by adjusting the variable
resistor Rh and again measured | and V. We repeated the changing for 6 times and
wrote down our measurements . We tried to take as large range as possible ( a
difference of 0.5 volt each time).

B. Two Resistorsin Parallel:

We connected the following circuit with the resistors R1 and R2 in paralé asin
the following circuit.

Figure 3.0 = @ -
A circuit with two ol
resistances connected J
inparallel. R2
F~h Kg\
- o Il
\ix + I||'
=3

We estimated the error in our readings of | and V as we did before because we
used the same scales in each of the ammeter and the voltmeter. After that we wrote
down the reading ( only onetime) .

C. Two Resistorsin Series:

We connected the following circuit with resistors R1 and R2 in series as the
following circuit:

+ .r/_ﬁ_\"-. _
S
(=3 =5,

Figure 4.0 TATAY M
Acircuit with two Rh Rg\
resistors connected in
Series. - r’{ﬂ + ||| 1

R + EL

=




We estimated the error in reading our values as we did before because we used the
same scale in each of the voltmeter and the ammeter. We wrote down the readings of
the ammeter and the voltmeter ( only onetime).

D. The Values of the two resistors using the color code:

The two resistors were as shown in the following sketches:

| | R1
‘ | R2.
Data:
No. 1 2 3 4 5 6 7 Average
| (mA) 46 38 30 22 14 10 4.0 23
V(volts) 3.0 2.5 2.0 15 1.0 0.7 0.3 1.6



Calculations:

Results and Conclusion:

R=R+R
R=R+R
R=R+R

The calculation of each resistor includes a part of the other’s period of error range.
Also the results calculated were corresponding ( with its range of error ) with the

values read with the color code. We assume that our caculations were somehow
precized.



Abdract:

1. Theam of the experiment is: to find the ratio R between the linear
momentum before a collision between two balls and the linear momentum
after so asto test the law of conservation of linear momentum which says that
"the linear momentum of an isolated system is conserved ".

2. Themethod used is : measuring the horizontal distances after the balls fall and
measuring the masses of them .

3. Themanresultis: R=1.06+0.02

Theory

First we use two balls with the same diameter so that the direction of the force that
happens with the collision between the two balls would be straight so as to make the
direction of the velocity after the collision for the pushed ball horizontal ( by making
the diameters equal we make the centers on a straight horizonta line) , so that we
would make sure that there is no vertical velocity toward the ground would affect the
motion of the ball .

We also make the heavier bal push the other ball so that the two balls would
continue their way after collision horizontally to fall on sand wit different velocities .
We don't choose the balls with the same weight because when the collision happens
one of the balls will stop ( the pushing ball) and the other will continue with the same
speed of the pushing ball before it stops. We aso don’t choose the heavier ball to be
the pushed one because the other ball would return back and push the heavier ball
with alittle force and make move softly .

We assume that the mass of the moving object = m , the velocity of it = v and the
momentum of the objectis(P) . Then:

P=mV
We consider an isolated system consisting of N objects, when the object no. i is

moving with avelocity with mass of m , then the total momentum of the system is:

P=>mV,

M-

Assuming that the mass of the ball 1is m,, the mass of the ball 2is m, , the speed
of ball 1 before the collisionis V,, , the speed of ball 2 iszero (V,, =0) , the speed of
ball 1isV,, and the speed of ball 2is V,, . We definetheratioR as:



R=

50,0

P, =mV,, +mV,, and R, =MV, + MV, =mV,,
Then by substitution: R= MV, + Moy
mvy,
The ball fallsin aparabolic trgectory inside the tray of sand .The vertical distance

from the point of collisontothesandis y= % gt® where g is the acceleration of

gravity and t isthe time of flight for ball 1 which also equals the time of flight for the
two balls after collision because both of them are falling freely under the acceleration
of gravity and with the same initial velocity which equals zero .

t= |2

g
Weassumethat X,, isthe horizontal distance for ball 1 when it falls on the sand
(beforecallision) , X,, isthe horizontal distance for ball 1 when it falls (after
collision) , and X, isthe horizontal distance for ball 2 when it falls (after collision) .
Asshowninfigurel & figure?2.

Then wefind

Heavier ball Before Collision

- ‘S(lb
figure.l.
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figure .2.

Then we find the horizontal speed of each ball to be:

V]b :& — le = Plb — rr.!I.X:Ib
t  \2y/g J2ylg
X X m X
V. —Ma _ la = P = la
la t /—Zy/g la 2y/g
V _ X2a — XZa P — rr.I2X2a
2a t \/Zy/g 2a /—Zy/g

Substituting the equations in the equation of R we find that :
_ P _mXwa+mXa A
PB rn.Lxlb B

R

Where:

A=mXw+mXza B=mX,
AR_MA 2B
R A B

where  AA=mMAXi1a + X1aAM, + M,A X 20 + X 2aAM,
and  AB=mAXp+ XnAm



Procedire;

First we fixed the curved track on atable and fixed the tray of sand certainly under
the edge of the table . Then we chose two balls which have ailmost the same diameters
to be used in the experiment. After that we rolled the ball no. 1 on the track and

measured the distance X1, on the sand , and then we made the surface of the sand flat
asit was before the ball fell over it. We repeated this operation five times.

After that we stopped ball 2 on the edge of the track and then we rolled the ball
no.1 toward ball 2 to make a collision between the two balls . Then we measured the

distances Xiaand X:z2a0n the sand after each time we made the surface of the sand
flat again. We repeated this five times.

Then we measured the masses of the two balls with the balance scale and repeated
the measurement for each ball two times for checking.

The datawe got is shown in the table.

Datz

m =16.71¢g , M, =496¢ , Am =0.05¢g , Am, =0.05¢g

No. Average
Xy, (cm) 42.7 42.8 42.5 42.6 42.8 42.68
X,a(cm) 25.8 254 26 26.7 26 25.98
X,.(cm) 64.1 64.8 66 65.7 66 65.32

Caleulations

n_ MXia+MXo _ 16.71x25.98+4.96x65.32 _ 758.113 _ (o000 1 o

m Xy, 16.71x 42.68 7131828
AX,, =0, = T5 = QATHIOETI _ 510713075 = 0.20m
J5 2.236067978
AX,, = =0z - 084083292 _ 4 56031013- 0.4cm

J5  2.236067978



AX, — o = O _ 0130884048

= s - O 0.058309518 = 0.06cm
J5 2.236067978

A=m X1 +m, X2 = 758.113g.cm
B=m X, =713.1828g.cm

AA=MAX1a + X1aAM, + MAX 20 + X 22AM,
=16.71x 0.21071+ 25.98x 0.05+ 4.96 x 0.376031+ 65.32 x 0.05=9.951133772g.cm

AB=mA X1 + XwAm =16.71x 0.058309518 + 42.68x 0.05 = 3.108352046g.cm

AR_AA AB_ 9951133772 3108352046

=0.017484316
R A B 758.113 713.1828
AR=0.017484316 x 1.062999 = 0.018585811 = 0.02

R=1.06+0.02

Resubls and Conclision!

R=1.06+0.02

| think that the result here is different a little from the real value ( the result here
ranges between 1.04 — 1.08 while the real value is 1.00) and this is related for some
expected systematic errors during the experiment .

First if the lower of the track is not horizontal this would make the ball 1 before
collision has a vertical with the horizontal one which we assumed that the vertical
speed is zero and this would decrease our measurement for the horizontal distance on
the sand. And like this would happen when the collision happens that the ball 1 would
push the other ball with a force which is not horizontal so that it would affect on the
angle of flying for each ball and make the horizontal distances measured on the sand
less than the wanted one.

On the other hand the two balls we have chosen could be not the same diameters
which we assumed at the beginning and this would affect that the force from the
pushing ball won’t be horizontal because the centers of the two balls won’t be on a
straight line as we assumed to make the velocities of the two balls horizontal and this
would affect the measure of the horizonta distances just as when the track is not
horizontal.

In another way the measurements taken with every instrument can’'t be very
accurate because we aways take the middle of the hole the ball would make when it
falls on the sand and this estimation for the center of the hole can’'t be always very
accurate because it depends on the sight which not accurate.



E'!Lﬂ e %t)“’ “pf
er “M HT
- 1 . - L
BIRZEIT UNIVERSITY
Physics Department

Physics 111

Experiment No. 6

| ndex of Refraction

Student’s Name: Ahmad Bader- Student’s No. : 1071477

Partner's Name: Tha'er Majdoba - Partners’ No. : 1070925

Instructor: Dr. Yakoob Anini Section No.: 3

Date: 6-4-2008




— Abstract:

1)The aim of the experiment:

is to measure the index of refraction of transport
for a kind material ( Glass or Plastic ) , and to use least
square fit method .

2) The method used:

is by measuring the angles of the reflection of
the light when it falls throw a medium like glass by

placing a block of glass on a piece of white paper .

3) The main results are:

uy=  1.46 £ 0.03

— Theory:

When light passes from one medium to another, the path of
the light bends, Examples of media are glass , plastic, water
and air different colors bend by different amounts at the
boundary between the two media that bending is called "
refraction " and each medium has it's own refraction index N
due that not all media bend a given light by the same
amount ( index of refraction = speed of light in vacuum /
speed of light in the medium )

A \/2
n—C//
v

NN




The refraction index is a measure of how much bending will
occur for the light when it falls on a medium in the figure
below:

o glass

When light falls on a block of glass from air AO represent a
rag of light traveling in air incident on the surface of the
block , OC represent the reflected ray, OB represents the
refracted ray while ON represent the normal to the block
surface "I" is the angle of incidence while "r" is the angle of

refraction applying Snell’s law which is :

1 SiNGi) = 1, Sin(r)

u,is the index of refraction of air which is near that of the
vacuum (g, ~1).u,is the index of refraction of the glass.
Then: sin(i ) = py sin(r) = p sin(r)
sin(i)=u sin(r)




Then we can find x from the plot of sin(i) vs. sin(r).
The error in p is founded by:
_sin(i)
H _an)
Ay co_s(i )AI |+|—sin(r_)cos(i )AT |
sn(r) | | sin®(r)
Ap cos(i) Al + cos(r) Ar

= = —. .
u sin(i) sin(r)

Procedure:

The block was placed on a piece of white paper the borders
of block were drown in the paper . The angle of incidence
were marked as shown on the figure on the previous page
the first angle was choosed near 10, the second angle near
20 , and so a narrow bean of light was shone exactly on
path 1, then the path was marked and labeled this
procedure was repeated for five more times for other angle
from 20 to 60 , the block was removed and for eash
outgoing bean , a perpendicular line was drown to the block
boundary at each exit point, the exist point and the incident
point were connected for each incident and out going
i,=i,),(r,=r,) for each incident and outgoing beam were

measured and written down in the table below after all
Ar & Ai were estimated in radians .

light source

beam

Beam Divergence




— Data:

NO | Angle (i) i Sin Angle Sin (
degree | average (i) (r) average r)
degree
i1 I 2 rq ro
1 10 |9 9.5 0.17 |7 6 6.5 0.11
2 |20 |20 20 0.34 |13 |12 |12.5 0.22
3 |30 |27 28.5 0.48 |20 |18 |19 0.33
4 140 |36 38 0.62 |26 |25 |25.5 0.43
5 |50 |48 49 0.76 |32 |31 |31.5 0.52
6 |60 |60 60 0.87 |36 |35 |35.5 0.58

— Calculations: (Using Least Square Fit method )

Let x=Sin (r), y=Sin (i)

X; Yi XiYi Xi° yi-mxi-b | (yi-mx;-b)?
0.11 0.17 |0.019 |0.0121 |0.075 5.625*10
0.22 0.34 |0.075 |0.0484 |0.079 6.241*10
0.33 0.48 |[0.16 0.1089 |0.053 2.81*10
0.43 0.62 |0.27 0.1849 |0.042 1.764*10
0.52 0.76 (0.4 0.2704 |0.046 2.116*10
0.58 0.87 |0.5 0.3364 |0.066 4.356*10

2Xi= | 2Yi= | 2XYi= S X’ = >( yi-mx-b)?=
2.19 3.24 |1.424 |0.96 0.022912
= 0.023




D=NYx"-(Xx)*=0.96
m=(N2 XY -2, %2 %)/D =1.46

b= %"y, =2 %> %Y)/ D= = 0.008127
Calculation of errors:
ayzzﬁZ(yi—mxi—b)Z: = 1.44%10

2
Nay

Au=oc, = = = 0.033843 = 0.034=0.03

Ab=0, =0, Z%: = 0.013611 = 0.014=0.01

— Results and conclusion:
U = 1.46 + 0.03

According to the range test , our range in this experiment is
1.43< py <1.49 and the theoretical value of M of glass is
1.52 , so our experimental value is not included in the range
, SO the range test failed ... so our experiment failed
systematic errors exist due to use a glass block which have
not equally borders and they were inaccurate , and there
were systematic errors due to, that we had estimated the
middle of the light bean each time so in conclusion we were
able to find the index of refraction of glass and learn how to
use the least square fit method ,




ABSTRACT:

1. The aim of the experiment is. to measure the accel eration of
gravity (g) at BZU.

2. The method used is. simple pendulum method.

3. Themainresultis: g = 960+ 30 cn/s?

THEORY:
AR AL VLAY RN First of al we have to make a few
3 assumptions which are needed for making
L

the experiment to be successful. Those

T assumptions are: the string is weightless,

the ball is completely spherical, and the

angle between the string and the normal is

o too small so that g= sin(g) = tan(q) where

mg sin & qis the angle between the string and the

9 norma measured with radian measure
which is without a unit.

Where L isthelength of the string taking in our accounts
the radius of the ball where we take the radius and add it to the /\
length of the string to have the right measurement we want to ’
have to be accurate in the other measurements after it , surely ,
we took the radius of the ball because we considered the ball
as spherica body 100%.

C

L=S+d/2

Wetake:
mg cos(q) =T



By Newton’'s second law:

F=ma
By substitution :
- mg sin(q):mdzx
dt ?
: X . X
While a2 = - gsin(q) @- g tan(q) = - QT
d’x _-g
atz L

So that the equation is a straight line equation :

X = Asin(wt)
dx
— = WA cos(wt
o S(wt )
d?x or
= - wAsn(w
dt? (W)
= - w?X
~wx =- 9x
L
w=.g/L
T:2—p= 2p4/L /g
w
F—T —

To find the best estimation for the angle could be found for it to as
small as we want by measuring the values of thesin & tan for a number
of angles as shown in the table below(table2).

To find the wanted quantity which is (g) we make agraph of T2 vs. L

we find the slope %pzand so wefind (g).

The error could be found by the following :
4p*®

QZF Where



2
Then Dg-= 412Dmb bg_Dbm
m g m
For the graph which we are going to draw :
After we draw the points on the graph we start to find the best
equation of the straight line for the points, of course we find this equation
by finding the best slope, and the best Y -intercept for the equation.

The best estimation for the best lineis that line that intersects the larger
number of the data points, and aso is the line that the points on each side
of it have the same sum of distances, between it and the line, and those on
the other side.

Simply we make a calculation for the estimated distances for the points
from the line and then we make the real and best equation for the line.
Those equations are shown in the calculations below.

First we draw the points and then we draw the line from the equation get
from the calculations, so that we consider if our work is good or thereis
some errorsin it.



PROCEDURE:

First of all we took the measurement of the radius of the ball with a
caliper by taking the measurement of diameter and dividing it by 2.

Radius = diameter/2

Then we fixed the pendulum on the table after fixing the string and the
ball strongly on the stand.

Then we measured the length of the string to the edge of the ball and
added it to our measurement of the radius which we took before and
wroteit in the table below.

After that we fixed the angle of the string (between it and the normal )
to be at most 15 degrees. At that moment we let the bal to oscillate freely
,after starting the timer with it , for ten times and then stopped the timer
and measured that period and wrote it down in the table. We repeated the
measurement of time for the same situation each time for three times and
at the end we took the average of them to have the right time.

We increased the length of the string each time of about 20-30 cm and

repeated our measurements ,but , keeping the angle to be almost the
same.

DATA:

No. S L t One t?




(string | (Whole| t1 t2 t3 | average| period| sec’
length- | length-
cm) cm)

4740 | 48.420 | 13.77 ) 13.77| 13.86 | 13.80 | 1.380 | 1.904

7830 | 79320 | 1787 17.72| 1780 1780 | 1.780 | 3.167

106.5 | 107.52 | 20.87 | 20.63| 20.59 | 20.70 | 2.070 | 4.284

142.6 | 143.62 | 23.33 | 2391 | 23.86| 23.70 | 2.370 | 5.618

156.7 | 157.72 | 25.52 | 25.69| 25.63 | 25.61 | 2.561 | 6.560

o g1 B Wl N

182.2 | 183.22 | 27/.20| 2/.36| 27.33| 2/.30 | 2.730 | 7.451

Diameter = 2.04 cm
Radius = diameter/2 = 2.04/2 = 1.02 cm
We add the radius to the string length (S) to get the whole length wanted

(L).

deg(:e&e rad(i]an sin(g) | tan(q) %«;n@' 100%
5 0.0873 | 0.0872 | 0.0875 0.38%
10 0.17/5 | 0.174 | 0.176 1.52%
15 0.262 | 0.259 | 0.268 3.41%
20 0.349 | 0.342 | 0.364 6.03%
30 0.524 | 0.500 | 0.577 13.4%
45 0.785 | 0.707 | 1.00 29.3%
60 105 | 0.866 | 1.73 50.0%
75 131 | 0.966 | 3.73 74.1%

From the table above we see that the angle in radian equalsits sin and
also its cos during the range of 0 — 20 degrees but not above that range so
that we used the angle to be small enogh which is amost 15 degreesto fit

with the differenciated formula which depends on the tan of the angle

which equalsit.




CALCULATIONS:

g . 6
A=2L= 7198 cm H=YT*=
28.08354211 52 i

]

F:z r'7;2=

=i

&
= NV
4010595351 cms? 4= ZL" —99268.5804
cm

T 2= 4.830590352 s2 L = 119.97 cm

For demonstration here are the valuesfor LT ?2from which we
calculated the sum of them:
Thevauesof LT ?

92.211048 251.223370 460.5640823 806.699178 1034.710774 1365.186898

6 6 1
i 2
D—”@A]—[ga} = §(99268.5804)- (518140.832) = 77470.65

NxF-AxH _ 6401055635])- (71982)(2898354) _ ——
D 77470.65 '

Best slope , m=
» 0.04s%/cm

: ZxH-AxF
Best y-intercept, b==——py——=
_ (99268.5804)(28.98354211) - (719.82)(4010.595351) _
77470.65

- 0.125875608

So that we see that the equation of the best lineis:

y = 0.041314 x - 0.125875608



For calculating the error :

k =T2-mL-b 0029841  0.016056
k? 0.00089051 0.00025747 0.0010698 0.036394 0.028977 0.000054256
6 6

3 k2= 0.0676429 ot = —&L-Z—Zkf - 0.016910729
i=1 T =l
i Noj
T = Tp T 2455932013 Dm= 1.56714135
' 0—)2' -
e = E’: =40632.814 Db=201.57583
_4p® _ — 2
g= o 955.5672614= 960 cm/s
For calculating theerroring :
Dg_Dm 3 o 4Om
m

Dg = 955.5672614

-0.032/708 -0.19077 0.17023

156714135 _ 26.469» 30cm/s?
1314

Fheen:

g = 960+ 30 cn/s’

RESULTS AND CONCLUSION:

g = 960+ 30 cm/s”

0.0073659



First we say that the real known (g) nationally is to equal (9.81 m/s2),
but in our case here we see that it differs, but , that is normal because as
we know that the place we tried to measure it from is higher than the sea
level from which the national value for the known (g) were measured. As
aresult for the high level we expect that the value for (g) will be smaller,
and this results from the genera law of gravitation were the center of
earth will be farther than the sea level and so the radius of earth at that
point which affects the result to be less than known. So that we see that
the result is within the expected new value for the location of Birzeit
university where we made the experiment.

About the experimental errors, we aways expect some systematic
errors and also random errors (which always occur) to be found as there
Is no perfect results could be obtained in any experiment in the real world
as always we return our measurements to our senses and also our tools
which are aso inaccurate or not accurate as we hope to make perfect
results.

One expected error is caused from the measurement of time lasted for
the oscillating of the pendulum and that error is a result of the delay of
our natural response between the two operations of seeing the moment of
the stop or the starting of the pendulum and the moment when the brain
responds and sends the signal to make the timer tool stops or starts and
that affects the measurement of time intervals and that would of course
affect also our later calculations. (It is as we know some mental operation
which lasts of about 0.1 of asecond ).

A second expected error is that we supposed the cord to be
weightless and that the ball is completely spherical and aso our
neglection of the air friction with our ball. These al are factors which
would affect the measurement but we neglect them all because , of course
, of the simple ways we use, the simple tools we have, and because the
am of the experiment is only to learn simple method for measuring
things which looks so complicated, but not to find the real exact value for
the wanted variable.

There is another point which we must consider always which is that
the line we draw on the plot sheet is not always accurate and that returns
for some reasons which depends on the scale we use and other factors.
But one of the important things which makes a difference, of course after
the scale we take according to the paper we have, is the thickness of the
pencil we use to draw the line and that always makes a difference from
what we want.
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— Abstract:

1)The aim of the experiment: tomeasurethe decay
constant and the half-life of a draining column of water.

2)The method used: - the Burette method.

3)The main results are:

t,,= 67 + 5 sec (h vs. t graph)

ty,= 69 sec (Ln (h) vs. t graph)

-Theory:- We consider atube having water in it of aheight (h,) at
time (t,). When we open the valve water drains from it at some rate.




The rate of the decay of the water column is proportional to its height
(h) that is:

—dh & h(t
dt

2 is aconstant:

Multiplying the last equation by
dt and dividing by h(t) we get

Inh(t) — Lnhy=—At
h(t) — hﬂf‘:_it
So that ) isthe decay constant.

When h(t) :h_zo then:

hﬂ —Aty
2 _p
2 €
1 —At
E =g
—A tl = —Ln2
2
. In2
1= —F
5 A

When jis greater then t,,,is smaller:




Figure ES.2

h,=30 cm for all curves

1=0.02 sec’

2=0.05 sec’

2=0.07 sec”

time (sec)

Procedure:

— The total burette length hO was measured in burette
units which is (hO= 50 units + D {in burette units} ,
D was measured in cm's then was converted into
burette units , then the burette was filled with water
using the funnel , the valve was adjusted such the
water will drain in about 3 minutes during the
experiment the valve setting wasn't changed and the
burette was clean and vertical , the reading of the
burette (b) was measured every 10 second , the
opening of the burette was closed using my finger
then the burette was filled again with water to same
initial height without changing the setting of the valve
and taking measurements were repeated for two more
times and written down in the table that is shown in
the next page .




Data:

Total burette length hg= 58 u in burette units (u)

Time b h= | Ln(h)
(sec.) Burette reading (u) ho-b
b1 b > b3

0 0 0 0 0 58.0 |4.1
10 4.5 3.7 3.7 4.0 54.0 4.0
20 8 7.5 7.5 |7.7 50.3 3.9
30 11.5 11.0 | 10,9 |11.1 46.9 3.8
40 15.3 14,5 | 14.5 |14.8 43.2 3.8
50 18.5 17.7 | 17.8 [18.0 40.0 3.7
60 21,5 | 20.9 | 20.7 [21.0 37.0 3.6
70 25.0 | 26.1 | 23.7 |24.2 33.8 3.5
80 28.0 | 26.8 | 26.6 |27.1 30.9 3.4
90 30.5 | 29.7 | 29.6 |29.9 28.1 3.3
100 33.3 | 32.2 | 32.4 |32.6 25.4 3.2
110 35.7 | 34.8 | 35.1 |35.2 22.8 3.1
120 38,5 | 374 | 37.5 |37.6 20.4 3.0
130 40.5 | 39.6 | 40.0 [40.0 18.0 2.9
140 4307 | 41.8 | 42.0 [42. 15.7 2.8
160 46.8 | 46.0 | 46.0 |46.3 11.7 2.5
170 48.6 | 48.0 | 47.7 |48.1 9.9 2.3

— Calculations:

1) From h vs. t graph paper (Obtain 6 values for
t1/2)

t,, (sec) |82 73 60 65 56 66




The average value of ty, is:

t,= 67 SecC.

Aty, = Gm(tvz_) =3.8scC
2) From In (h) vs. t graph:
Slope=— A = - 0.01006 sec™?

t, = Ln(2) / XL = 69 sec

— Results and conclusion:
t,,= 67 £ 5 sec (h vs. t graph)

ty,= 69 sec (Ln (h) vs. t graph)

According to Range test the practical value of the half life of adraining
water column equals 69 sec , according to the graph of (Ln) vs. t but our
Range of experiment 62<t<72 soit'sincluded in our range and our result is
accepted and our experiment succeeded ,so it succeeded too and the
systematic errors were due to period reaction time and how to deal with the
stop watch and how to estimate the length of the burette before the

experiment .
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Abstract:

1)The aim of the experiment isto find the time constant 7
of an RC circuit and the value of its capacitor.

2)The method used is by measuring the voltage on the

capacitor at certain momentsin a charging and a discharging

circuits.
3)Themainresult is:

C=21+1uF
Theory:

Lets consider the series RC

circuit shownin figure 1,
consisting of a capacitor C
and aresistance R connected in

series to avoltage source €
at t=0 the capacitor is uncharged
that is, Q, =0, when the circuit

is closed then the capacitor will
start charging.

Charging Q=0 at =0

/U)

NN

R

53

b
Il

c

%

Figure 1

Here are the two states, chargi ng

and discharging , we will treat at this experiment:

A. Charging:

From Kirchhoff’s second rule , which implies that the sum of all

voltage drops over a closed group is zero (Z\/i = Zero) we find
i=1

that ,in our circuit, :

R L _oal=L Q
c—1IR c =0=) R RC
Q.
>¢_ Q (as |
R RC

Integrating both sides:

&
R

)

_Q
RC




Q=0 ™~ 0
R RC
I_n((g/R)—(Q/RC))= —t
elR RC
Exponentiating both sides, we get :
—t —t
(6/R)=(QIRC) _ re o3 Qg
el R eC

—t

> Q(t) =eC(1—-€e™)
and as the voltage on the capacitor has the relation (V=Q/C)
with the charge on it , thus;

-1
V(t)=e(l-eR)
At the time t=RC ,which is known as the time constant 7 of the
circuit the voltage on the capacitor is:

V(it=RC)=¢(l-€") = 8(1—%) = 0.63¢ E1

We see from equation E1 that the time constant 7 isthe time
needed for the potential difference on the capacitor V (t) to reach
0.63 of the maximum voltage € .

Note: T can be found from the graph of the charging curve as
that of figure 3 by drawing a paralé line to the t-axis passes
through 0.63 € volts on the v-axis, then by drawing a parallel
line to the v-axis, from the point where the first line cuts the
curve of V vs. t, and the point where it cutsthet-axisisz as
shown in figure 2.

| The charging and discharging curves I

| - \ Discharging |
0.75- L ~ [~ Charging |
063 ——N— (charging)

0.50 4
0.37 |——

0.25

Capacitor voltage (V)

Time (sec)

Figure 2




B. Dicharging:

After the capacitor has been charged ,
and if we removed the power supply ,
and aresistance R is connected ,by
series, to this circuit as shownin

figure 3, the capacitor has an initial

potential difference of € and an initial

Discharging Q=Qat t=0
Initial capacitor voltage =€

X

R

£3

Figure 3

charge of Q, = C¢.Then the capacitor

will start discharging through the resistance . Back again to

Kirchhoff's second rule;

Q Q _Q_ Q_ Q
~IR-==0-= R—~=-=
C > ét C 0 ot C
Dividing both sides by RQ;
R__1 4
Q RC
Integrating both sides;
Q)
oQ 1
— ot 3 LnQ(t) - LnQ, = ———t
[3- RCJ 3 LnQ(t) - LnQy =~~~
Q(t) 1
Ln =—-——
> (Qo) RC

Exponentiating both sides, we get ;

Q) ¢

1 1
?():e Q) =Qe R D Q(t) = cCe R

And as the voltage on the capacitor V =Q/C ;
t
V (1) = Q) = ¢ce FC
C
And at timet=7 ;
V(t=RC)=¢e" =

=0.37¢ E2




From the discharging curve as that shown in figure 2 we can
find 7 , but thistime thefirst line cutsthe v-axis at v=0.37 &
volts (seefigure 2).

A third way for finding 7 isfrom the linear equation we get
from taking the natural logarithm of both sides of equation E2 ;

t
_ v t
Ln{v(t)} = Lnee *¢ 3 Ln{v(t)} = Lne “Re E3

Equation E3 gives alinear equation with the y-intercept Ln( &)
and withaslope m=-1/RC =-1/7 .
Sot=-1/m
The value of the unknown capacitor can be found using this
eguation :
c==1
R
The uncertainty in C ACisfound by taking the partial derivative
of the later equation , thus;
AT‘ TAR‘ _ ~ At AR
R‘+ = ‘_)AC C( - + R)

The uncertainty in 7 At =0 () ;the standard deviation of

the mean value of the measurementsof T .TheresistanceR is

measured either by the onmmeter or using the color code on it,

and AR, the uncertainty in R, isto be estimated from the multi-
meter (switched to as an onmmeter) or from the color code.

AC =

Procedur e

1.We connected the resistance and the capacitor in series and
connected the multi-meter in parallel to the capacitor (the anode
to the anode and the cathode to the cathode), and the wire which
was connected to the positive part of the resistance was
connected to the anode of the power supply, and the cathode of
the capacitor was connected to the cathode of the power supply.



2.We connected the two terminals of the capacitor to each other
by awire so as to discharge it from any charge , and we kept the
them connected .

3.We switched the multi-meter on and switched it to work as a
voltmeter and we chose the suitable scale that included the
minimum and maximum voltage which was about 5 Volts.
4.My partner removed the mentioned wire at the same time he
started the stop watch.

5.My partner counted to five (a number per second was counted)
and when he said “five” | read the voltmeter and wrote the
measured value down.

6.We repeated step five until | had 3 same successive measured
values.

7.We removed the wire connected to the cathode and connected
it with that connected to the anode so as to take the power
supply away from the circuit. At this moment my partner started
the stop watch again (after it was calibrated).

8.We repeated step 5 until the time equaled that of the charging
one.

9.We measured the value of the resistance twice : from the color
code and using the multi-meter which was switched to work as
an ohmmeter.

10.We took the value of the capacitor which was written onit.

Data:

C=22uF
(From the color code) B ¥
R=(100+5)x10% 0 ( )
(From the multi-meter)* § 4
R=994+30
Time Charging Discharging
(sec) VCapacitor (volts) VCapacitor (volts)
0 0.00 4.83
5 1.04 3.75
10 1.84 2.96
15 2.47 2.37
20 2.99 1.88

1 In this measurement the multi-meter was switched to work as an ohmmeter.



25 3.34 1.49
30 3.63 1.18
35 3.90 0.93
40 4.09 0.75
45 4.25 0.60
50 4.37 0.47
55 4.47 0.37
60 4.54 0.30
65 4.60 0.24
70 4.65 0.19
75 4.69 0.15
80 4.72 0.12
85 4.75 0.09
90 4.77 0.08
95 4.78 0.06
100 4.79 0.05
105 4.80 0.04
110 4.81 0.03
115 4.82 0.02
120 4.83 0.02
125 4.83 0.01
130 4.83 0.01

Calculations:
1)From the linear graph paper:

*3) The time constant from the charging curve (7.) :

7, = 20.96 Sec

*b) The time constant from the discharging curve (74 ) :
T4 = 21.48 Sec

2)From the semi-log graph ;
Sope= Ln0.23—- Ln2.96 00462 Sect

6510
7, = 21.60 Sec (the time constant from the semi-log graph)
T =21.2125SecC

o) 0.5721
AT =—= = = 0.33Sc

JN V3
Resistance

R=(100£5)x10* 0



_ T2 510410°F
R 10
A AR
T R

AC = C(£+A—:) = 21.2x10°(
T

0.33 5x10*
21.2 100x10*
= 21.2x107°(0.016+0.05) =1.39x10°°F

C=21+1uF

)

Results & conclusion:
C =21+1uF

1.The range of measured value of C isfrom 20 to 22 uF and so
the manufacturer’s stated value of C written on the capacitor lies
within the range.

2.Increasing the resistance R affects both the charging and
discharging processes by increasing the time needed for
charging and discharging. Noticethat 7 = RC
3.Theunit of 7 = RCisseconds:

(7] =[RC] = Ox F = Votls colom  colom

X =
A Volts colom/sec

Notice that:
*R:¥
xc_Q
Vv
x, _Q
ot
4.A systematic error | expect in this experiment is that when my
partner finished his periodic counting and | read the value of the
voltage it was not the certain value , as sometimes the value
changed after its ,relatively, long steady just after he began a

new counting. Much more digits are to be taken for the voltage.



Abstract:

1. Theam of the experiment is: to test if the material is Ohmic or non-Ohmic
materia by the plot and then finding the resistance from it.

The method used is: Voltmeter — Ammeter method.

Themainresultis: R=

W

Theory:

Theresistance R of ametallic conductor is defined by:

voltage V.

current |

where | is the current flowing through the conductor and V is the potentia difference
applied between the endpoints of the conductor.

R=

Materials are divided into two parts according to Ohms' law : Ohmic and Non-
Ohmic materials.

For a metallic conductor the resistance is constant provided that the temperature of
the wire stays essentially constant because the resistance R doesn’t depend on either
V or | but on the temperature of the material.

Figure 1.0

We can test if the material is Ohmic or not by plotting a graph of the potentia
difference V across the material against the current | through it keeping the
temperature of the material constant. If the graph is not a line the material is Non-
Ohmic.



If two resistors are connected in paralel then we can substitute our resistor
equivalent to both of them of magnitude R, where:

1 1 1 RR,

— -4+ =R -=

R, R R R+R

If two resistors are connected in series then the resistors could be replaced by a
single equivalent resistor R, :

R=R+R
The uncertainty in R (AR) is calculated by:

AR_AV Al
R V I

Procedure:

A. One Resistance:

We connected the following circuit using only one resistance which was R1.
We are provided with a power supply of 3 or 4 volts.

+ l,.r;;_-\," -
_ Ry
Figure 2.0
T F1orEzZ
Acircuit with one ey
resistance.
Rh Rg\
—E |
E=3v

We estimated the uncertainty in our measurements in the current and voltage
from the scale of the voltmeter and the ammeter we used (Al,AV ). As we used the

scale of 3 voltsin the voltmeter where every volt is divided into tenths our estimation



of AV was AV = 0.1lvolts, also we used the scale of 50mA in the anmeter so we
estimated Al = 2.0mA.

Then we measured the current | in the resistor and the potential difference V
across the resistance. After that we changed the current by adjusting the variable
resistor Rh and again measured | and V. We repeated the changing for 6 times and
wrote down our measurements . We tried to take as large range as possible ( a
difference of 0.5 volt each time).

B. Two Resistorsin Parallel:

We connected the following circuit with the resistors R1 and R2 in paralé asin
the following circuit.

Figure 3.0 = @ -
A circuit with two ol
resistances connected J
inparallel. R2
F~h Kg\
- o Il
\ix + I||'
=3

We estimated the error in our readings of | and V as we did before because we
used the same scales in each of the ammeter and the voltmeter. After that we wrote
down the reading ( only onetime) .

C. Two Resistorsin Series:

We connected the following circuit with resistors R1 and R2 in series as the
following circuit:

+ .r/_ﬁ_\"-. _
S
(=3 =5,

Figure 4.0 TATAY M
Acircuit with two Rh Rg\
resistors connected in
Series. - r’{ﬂ + ||| 1

R + EL

=




We estimated the error in reading our values as we did before because we used the
same scale in each of the voltmeter and the ammeter. We wrote down the readings of
the ammeter and the voltmeter ( only onetime).

D. The Values of the two resistors using the color code:

The two resistors were as shown in the following sketches:

| | R1
‘ | R2.
Data:
No. 1 2 3 4 5 6 7 Average
| (mA) 46 38 30 22 14 10 4.0 23
V(volts) 3.0 2.5 2.0 15 1.0 0.7 0.3 1.6



Calculations:

Results and Conclusion:

R=R+R
R=R+R
R=R+R

The calculation of each resistor includes a part of the other’s period of error range.
Also the results calculated were corresponding ( with its range of error ) with the

values read with the color code. We assume that our caculations were somehow
precized.
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— Abstract:

1)The aim of the experiment:

is to measure the index of refraction of transport
for a kind material ( Glass or Plastic ) , and to use least
square fit method .

2) The method used:

is by measuring the angles of the reflection of
the light when it falls throw a medium like glass by

placing a block of glass on a piece of white paper .

3) The main results are:

uy=  1.46 £ 0.03

— Theory:

When light passes from one medium to another, the path of
the light bends, Examples of media are glass , plastic, water
and air different colors bend by different amounts at the
boundary between the two media that bending is called "
refraction " and each medium has it's own refraction index N
due that not all media bend a given light by the same
amount ( index of refraction = speed of light in vacuum /
speed of light in the medium )

A \/2
n—C//
v

NN




The refraction index is a measure of how much bending will
occur for the light when it falls on a medium in the figure
below:

o glass

When light falls on a block of glass from air AO represent a
rag of light traveling in air incident on the surface of the
block , OC represent the reflected ray, OB represents the
refracted ray while ON represent the normal to the block
surface "I" is the angle of incidence while "r" is the angle of

refraction applying Snell’s law which is :

1 SiNGi) = 1, Sin(r)

u,is the index of refraction of air which is near that of the
vacuum (g, ~1).u,is the index of refraction of the glass.
Then: sin(i ) = py sin(r) = p sin(r)
sin(i)=u sin(r)




Then we can find x from the plot of sin(i) vs. sin(r).
The error in p is founded by:
_sin(i)
H _an)
Ay co_s(i )AI |+|—sin(r_)cos(i )AT |
sn(r) | | sin®(r)
Ap cos(i) Al + cos(r) Ar

= = —. .
u sin(i) sin(r)

Procedure:

The block was placed on a piece of white paper the borders
of block were drown in the paper . The angle of incidence
were marked as shown on the figure on the previous page
the first angle was choosed near 10, the second angle near
20 , and so a narrow bean of light was shone exactly on
path 1, then the path was marked and labeled this
procedure was repeated for five more times for other angle
from 20 to 60 , the block was removed and for eash
outgoing bean , a perpendicular line was drown to the block
boundary at each exit point, the exist point and the incident
point were connected for each incident and out going
i,=i,),(r,=r,) for each incident and outgoing beam were

measured and written down in the table below after all
Ar & Ai were estimated in radians .

light source

beam

Beam Divergence




— Data:

NO | Angle (i) i Sin Angle Sin (
degree | average (i) (r) average r)
degree
i1 I 2 rq ro
1 10 |9 9.5 0.17 |7 6 6.5 0.11
2 |20 |20 20 0.34 |13 |12 |12.5 0.22
3 |30 |27 28.5 0.48 |20 |18 |19 0.33
4 140 |36 38 0.62 |26 |25 |25.5 0.43
5 |50 |48 49 0.76 |32 |31 |31.5 0.52
6 |60 |60 60 0.87 |36 |35 |35.5 0.58

— Calculations: (Using Least Square Fit method )

Let x=Sin (r), y=Sin (i)

X; Yi XiYi Xi° yi-mxi-b | (yi-mx;-b)?
0.11 0.17 |0.019 |0.0121 |0.075 5.625*10
0.22 0.34 |0.075 |0.0484 |0.079 6.241*10
0.33 0.48 |[0.16 0.1089 |0.053 2.81*10
0.43 0.62 |0.27 0.1849 |0.042 1.764*10
0.52 0.76 (0.4 0.2704 |0.046 2.116*10
0.58 0.87 |0.5 0.3364 |0.066 4.356*10

2Xi= | 2Yi= | 2XYi= S X’ = >( yi-mx-b)?=
2.19 3.24 |1.424 |0.96 0.022912
= 0.023




D=NYx"-(Xx)*=0.96
m=(N2 XY -2, %2 %)/D =1.46

b= %"y, =2 %> %Y)/ D= = 0.008127
Calculation of errors:
ayzzﬁZ(yi—mxi—b)Z: = 1.44%10

2
Nay

Au=oc, = = = 0.033843 = 0.034=0.03

Ab=0, =0, Z%: = 0.013611 = 0.014=0.01

— Results and conclusion:
U = 1.46 + 0.03

According to the range test , our range in this experiment is
1.43< py <1.49 and the theoretical value of M of glass is
1.52 , so our experimental value is not included in the range
, SO the range test failed ... so our experiment failed
systematic errors exist due to use a glass block which have
not equally borders and they were inaccurate , and there
were systematic errors due to, that we had estimated the
middle of the light bean each time so in conclusion we were
able to find the index of refraction of glass and learn how to
use the least square fit method ,
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