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Introduction:

- 1 .
Mean (x) =~ YLy xi

N . N2
Standard deviation o = \/@

Where di (xi-X) is the deviation of the ith value from the mean.

For a small number of measurements (ten or less):
o= Z?Ll(xi—x)z
N-1

Accuracy and precision:

- The micrometer is more accurate than the caliper which
is more accurate than the meter stick.
- Aninstrument must be properly calibrated before it can

be used.
Types of errors:

1) Personal errors
2) Systematic errors

3) Random errors




1-

Personal errors: examples:
-errors in performing a series of measurements
-errors in reading scales [parallax]; change the

position of eye during taking the reading.

2- systematic errors:

Associated with particular measuring instruments.

Examples:

-an improperly zeroed instrument.
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-an improperly calibrated thermometer
-3 meter stick that reads higher due to environmental
conditions.

Random errors: examples:

-unpredictable Fluctuations in temperature or voltage.
-mechanical vibration

- reducing random errors can be made by improving
experimental techniques and repeating the
measurement a sufficient number of times and

repeating the average value.




To express errors in our calculations:
IF the acceptable value is known, then use:

1-absolute error = |accepted value-measured value|

|lexperimental value—accepte wvalue|

2- relative error = X 100%

accepted value

IF the acceptable value is not known, then use:

3-percent difference: =21 % 100%

" (E2—-E1)/2

where E1is 1°t measurement, E2 is 2" measurement.

For 3 or more measurements:

|max value—min value|

4- X 100%

average

5-express errors using o:

()
Error = /—
N

Propagation of error:

NVx+tAX * y+Ay R=Ax+By OR R=Ax-By

Sthen, AR=\/A A x%? + B A y?

2) x tAx x+ y+Ay R=XY OR R=X/Y 3) R= X" ,then:

Sthen, J( 5?2+ (& Z=n




Empirical relationships: m=2Y
b Ax
y=mx+Db
! l y-intercept , 2 x
slope

when a relationship between 2 variables is not linear, it is
sometimes possible to make a simple change of variables

such that a linear relationship is obtained.
Example:
1) y=cx™

Logy=logc*x™ > logy=mlogx+logc

xm

2)y= —

Logy=logx™ [c2>logy=mlogx-logc

4 )

slope max — slope min
2

=>» Uncertainty in slope = |

\. J




Experiment 1
“Analysis of data”

In this experiment, we want to study the relationship among

three parameters:

1- the height of the water in a container. (h)

2- the diameter of a hole in the bottom of the container. (d)
3-the time needed to empty the container. (t)

¢ The parameters Aand d can change fFreely without ant
constraint, and so, they are called independent
parameters.

** On the other hand, once we have specific values of Aand

d, we will get a specific value of t. so, t is called a

¢
dependent parameter. x
____________________________________________________ |r\
1) time versus height For different values of X
—

diameters.

-conclusion: we see that For a specific value of dthe

relationship between hand tis direct. /\t(s) d(max)

d(min

h(cm)




2) we want to plot the time versus the diameter for
different values of height.

-conclusion: the relationship between dand ¢is inverse.

t(s)
h(min)
d(cm)
3) For h=10 cm, we want to plot ¢versus 7/d? )
n
Here b=0, Find the slope: e
A [
K
t=m/d>+b > m=at/a(1/d? s.m? / Slep 5
A
{t=m/ d?, h=10 cm }-> this represents an i<k
empirical relationship between t and 1/d*> when h=10 cm.
4) we want to plot log t versus log h for d=3mm
m= alogt/alogh \o b
N
b = y-intercept Slep = 29
b 4 S
logt=mlogh +b -
\ua\’\

{ t=h™ x 10° }-> empirical

relationship between t and h at d=3mm




Experiment 2
“Measurement and uncertainties”

The objective is to estimate the density of a cylindrical piece
of brass using measurements of its mass, diameter, and

height.

1) vernier caliper

7 - '1 ‘27 o
L '3

U!2345675910

f |
0.756
27.75
-Factor =1mm/20 = 0.05 mm > -Factor =1mm/10 = 0.1 mm >
smallest length can be smallest length can be
measured using this caliper. measured using this caliper.
-uncertainty = +0.5 x factor = -uncertainty = +0.5 x Factor =
0.5x0.05=%0.025 mm 0.5x 0.1=+0.05mm




2) micrometer

7.0mm|+/0.5mm|+|0.24mm

)
/30

29
20

ITIIH w\

-fFactor =0.5mm /50 = 0.01 mm
-uncertainty = +0.5 x fFactor = £0.005 mm
3) ordinary ruler:

-fFactor =Imm

-uncertainty= 0.5 mm

Part 1- estimating Use a paper tapej

. to measureit A
C=circumference ,-

D= diameter

\ 0 /
R =radius \><A
U

sing a vernier
C=2nmtR=7D

2 2
50, ar_ f(2e) 4 (£2)
T C D




Part two - determining the density of a brass rod
using a caliper

~
0 1d

m
=— “ysing the balance
P= 9 ()_

The rod has a cylindrical shape: Jameans
[~

using a vernier

Volume = x(S)Xx [ 8aclalldobuo  glai3l

m - - -
p= ———— > usemeasured valuesm,d,L, 7

d
nx(T)xL

So- J(am) e (BE) () (24)

-all results between (p —A p) and (p +A p) are possible.
Percent error = |EA%A|
-Most error contributes to ™ - compare between (%) and
(5°)

D
-Most error contributes to p = compare between
(Am) (AL) (An) (ZAd)

m J'’\L /J'\n /J'\ a

-errors in this experiment:

1-errors in measurements of (d,L,C,m) [personal error]

2-errors in equipment (vernier caliper, micrometer)




Experiment 3
“Vectors - Force table”

-Vectors: quantities that have both magnitudes and

directions. [ displacement, velocity, acceleration, Force]

-two vector quantities are equal only when they have the

same magnitude and the same direction.

-errors in this experiment are caused by friction.

B —

S
3A: —

-
Al3:  —p

-> >
-magnitude of A = A = |A| = scaler quantity and its always

positive.
-use a scale for drawing vectors, examples:
*10 km is represented by a 10 cm arrow

*500 N is represented by a 5 cm arrow




Vectors’ addition and subtraction

1- graphically:

1) parallelogram method

2) head -to- tail method: 1) triangle method (For 2 vectors)

2) polygon method (For more than 2 vectors)

Vectors must
represent the same
quantity, drawn with

the same scale, and

have the same units

2- method of components:

re .
A = |A]: magnitude
Ay

>4

OA :the angle that A makes with the
+X axis 0

AXx




A=.Ax*+ Ay*=>0 Rx = Ax+Bx+Cx+....

Ax= A cos® Ry = Ay+By+Cy+...
Ay= A sin@ R =+/Rx? + Ry*

_ -1 Ay - -1 Ry
®A=tan E OR =tan Rx

Experimental method:

-with the use of a third pulley and a third hanging mass, find
the magnitude and direction of the equilibrium Force that

returns the ring to the equilibrium position.

-this third force is called the balance Force; it is equal in
magnitude and opposite in direction to the resultant of the

two forces.
The ring is in an equilibrium position, so:

SF=0 > YFx=0,3Fy=0

Iresultant F| = |balance F| =m x g

The resultant Force is opposite in direction to the balance

Force,so: O resultant F =0 balance F-180 2 3.4 o)

0 resultant F =0 balance F+180 21.2 o)




Experiment 4
“Kinematics of rectilinear motion”

Purpose: to study and analyze motion with variable

acceleration in one dimension.

-Kinematics: is the study of the purely geometrical aspects of
the motion of an object or particle, without reference to its

mass or the forces acting on it.

-In this experiment you will analyze motion along a straight

line, also called rectilinear or one-dimensional motion.
Ax = xf— xi > displacement

At=tr-ti - timeintervals

-  AX .

V=— —> the average velocity

- Av .
a=— —> the average acceleration

ticker time: a device For measuring time, it is an electrical
device that has a little screw-shaped hammer that vibrates

vertically at a rate of 50 Hz (>5,J1).




t=1/50 Hz - 0.02 seconds > the distance between two
successive dots on the tape is the distance covered by the

tapein 0.02s.

other; the object moves with a lower speed.

object moves with a higher speed.

-Ax is always positive, why? Because motion is always in the
same Forward (positive) direction. This means that the

velocities are also positive in this experiment.

Analysis of the paper tape:

— AxX1 ._Jsz s_,llf"".Ax.3"'.““*“Ax.4 ‘

. M °
.

o™ point t1=0.1s t2=0.2s t3=0.3s t4= 0.4s
X1

X2
X3

Time between two successive dots is 0.02s (very short), so

take Five dots, time will be (0.02) x5 =0.1s.




3) -maximum velocity = largest aAx (asy e uibés .xs:.;i

-minimum velocity = smallest Ax yasu (o (pibés g)ﬁi'

® AX=Xi - Xi-1 (in this experiment its always positive)

° Vi=% (has the same sign as Axi; is always positive)
e AVi= Vixn - Vi (may be positive or negative)

o 3i= AA—‘? (ai has the same sign as A Vi; can be (+) or (-) or zero)

e a-ismax.when (|a Vi|) is largest.

e 3> ismin.when (|a Vi|) is smallest.

e 3> iszerowhen (|a Vi|)is zero.
—> dots distributed uniformly, no
acceleration (uniform velocity)
- distance between dots decreases,
There is deceleration
_ - distance between dots increases,
There is acceleration




b) estimating the instantaneous velocity from the
approximation of v:

- want to find the [vinst] at t= 0.6 s.

N
°Y ow oG o o T
e
—_—

: olyal JSI (V) s

The most accurate value to [vins] at t=0.6 sis ( 03-0.9

=V
the last one because [0.5-0.7] are the closest 0.4-0.8

to 0.6s. 0.5-0.7

c) x-t graph: this graph is used to determine:

-The [vinst] at any time during the motion.

-The v For any time

. . ? Slope:éﬁ [E]
during the motion. At
-Time intervals

o g s
during which the 1 :
moving object is L

. . Tangent
stationary, speeding "

00 : ¥ 06 £(s)

up or slowing down.

Zigure 4.3: Displacement versus time (non-uniform motion).
M=




d) v-t graph: this graph
is used to determine:
-the [vinst] at any time.
-the total displacement
Ffrom the area under the
curve.

-the ‘a' from the slope.

-the intervals which the
‘v' is constant / increases [ decreases.

(\-I = Vinst 3t the middle of this interval)

e) a-t graph:

used to determine
the maximum and
minimum

acceleration.




Experiment 5

“Force and motion”

Purpose: to verify newton’'s second law for a mechanical

system moving in one dimension.
Z_F:xt =m3 |_:>net= Y E:xt
-two cases will be studied:

1- The net Force is kept constant

2- The mass is kept constant

g -
Y Fext=M 3 =——00_ ) Fx=m ax

z Fz=m a:z

z Fy =m gy




In this experiment we increase the inclination of the track
to illuminate the Friction Force, and the relationship

between the mass and acceleration is inverse.
1) for the cart:
T=(Mc+ma) a...(1) 2 N=g(mc+ma)
2) For mn:
Mhg-T=mh3a....(2)

-note that the tension on both sides of the pulley, has the
same value, because we consider the pulley as massless and

Frictionless.

From equations (1), (2):

mh g = (Mc +mMa + Mh) a....(3)>newton’s second law For a system
-the only external force is the weight of the hanging mass:

Fret = mnh g, and tension does not appear in this equation

because itis aninternal fForce.

. ] . . ) - Av _v2-vl
Since the acceleration is constant with time, 3 =3ainst =E = e—

=» The velocities v1 and v2 are determined with the help of

two photogates located at the two positions.




Cart [ metal flag with width ]

V1 -> photogate (1) =%

V2 - photogate (2)

Part (1H ma=0
wWith constant mn= 20
—> ma =25 9

\_) ma =50

~—> ma=75

Plot v versus £= For each value of added mass.

A
Calculate the slope A—f =3

V S “t
Gope-
ope=2 Slope =1/a
> t .
"V
atsiopet al slopet
mass | mass 1

mMh g=(Mc+ma+mn) 3
g

Mh g = aMc +ama + 3aMh

mhg—amc—amh
ma =

a

1 . .
ma = Mh—— (mh+ mc) = empirical fFormula




mhg

plot (ma) versus (1/3) :

S
Ma

b=-(mc+mn)

\ 4

4 Slope =mng
1/a

part (2) mn (use two photogates)

plot (mng) versus (a)

/]

Slope = mc+mas + mn
»3
Force and motion go kinematics dyy=>i J>1a3
* k * * *
2cm 2.5cm 3cm 3.5cm

mhg=(mMc+ mn) 3
? ?

buyitdl 0 200 W3 12] @i




Experiment 6

“Collisions in one dimension”

Purpose: to study conservation of linear momentum and
kinetic energy in elastic and inelastic collisions in one

dimension.

** Proof that the linear momentum is conserved in all kinds

of collisions. (P toti= P tot f)
mavii + M2vai = mMivirF + M2aVar

¢ proof that the kinetic energy is conserved JUST in the

elastic collisions. (K.E)i = (K.E)r

% mivii + 2 mav2i =% mavie + Y2 maviar

> S
{P=m.v}>kg.m/s

1 m? v?

[K.E=%mV:] x>
m

_pz 2] 2
[K.E—%]ékg.m/s




Newton'’s second law:

F Fext= "0 = i(m?) =m g [if m = constant then 2= = 0]
at dt dt dt dt
9 .
[ TFext=mal> [ ¥ Fexx=202 7. f zFext=09dP;’tal -0

- Pis constant [P total = constant] [isolated system]

SO, IF § Fext =0 =2 (P total)i = (P total)f = the law of conservation of total

linear momentum of an isolated system.

_ dP total

IF 3 Fext 0 then > § Fext=—>

This experiment is divided to three parts:
Part 1> study an elastic collision of one cart.

Part 2 + Part 3 - study an elastic and inelastic collision

between 2 carts.

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

track.

Ax-width of a metal flag
At-time

\V =




Part 1: elastic collision with a Fixed barrier

Fixed barrier
((6)] ) s
- -
at) ot
Before collision after collision

Vi=2X ()

Atl

Vi=25 (4)

Atl

r (rebound coefFicient) (%)

e ifFr=1(elasticcollision)
e ifr<1(inelastic collision)
** Ktoti =% m vi?

% Ktotr=%am vi®

Part 2: elastic collisions between two carts

—

Ve:=0

= PR

obe ady

_AX _ mlvl-m2v2
t1 N m1

/V

Conservation of

linear

momentum




% k1= mi v k1= v m Vi

% K2=%ma2v2? K2 =% m2 V22

o ktoti=ki+ k2

o Krot=ki+ k2

Part 3: inelastic collisions

_\ﬂ, Vo =0 __\i‘;'
1 [ " Wy g -
= Pi= Pr
£ q Ki # Kr
N N
Vh =f—f V2=0 V¢ =% mMivi+mavz = (Mi+m2) vr

Errors in this experiment:
-Friction

-Ac track

-the precision of the timer

-errors in calculations




Experiment 7
“Simple harmonic motion- The simple pendulum”

Purpose: to study the simple harmonic motion of a simple
pendulum and verify the relationship between its length and

period. -you will also calculate ‘g’ (the acceleration of gravity).

Oscillatory motion is the type of motion in which a particle

moves back and forth over the same path.

There are several types of oscillatory harmonic motions, the

simple harmonic motion is the simplest.

Two important characteristics of periodic motion are its:

amplitude and period.
-two common examples of the simple harmonic motion are:

(1) the vibration of a spring that has been displaced from its

equilibrium position

(2) the oscillation of a simple pendulum about its (vertical)

equilibrium position.




Simple harmonic motion of a spring

Consider the horizontal spring, with spring constant 4. Its left
end is Fixed to a vertical wall and its right end is attached to a

block of mass msitting on a smooth, horizontal surface.

when we release the block, it will move under the action of
the spring force (Fs), also called a restoring force; is directly
proportional to the displacement (x) from the equilibrium

position (x=0), and is given by hook's law:

k
The minus sign indicates that the force and the displacement

are always in opposite directions.

By applying newton’s second law, we have:

dv d*x
-kx=ma=m-—=m-—
dt dt

- in this equation of SMH: the acceleration aof a bodyin a
simple harmonic motion is proportional to the displacement x

and they have opposite directions.

We define the angular fFrequency of this SMH by: w =\/§




2

. . . d°x
We can rewrite this equation: P +w?’x=0

This type of equation is of special interest in physics and is
called homogenous linear second order differential equation.

Its general solution is given by: x(t) =A cos(wt + @)

Where Aand @ are two integration constants. x(t)represents

the position of the block at time &

The time needed for the block to make one complete cycle is

called the period and is denoted by (7).

The number of oscillations (complete cycles) that the block
performs in one second is called the frequencyand is denoted

by (£).

F=1/T

w=2nf =2/ T In MKS, the units of w are rad/s.
Simple harmonic motion of a simple pendulum

The motion of a simple pendulum is another example of

simple harmonic motion.

A simple pendulum consists of a3 mass m(also called the bob)

that is attached to a string or to a3 massless rod of length L.




When the bob is displaced by an angle 8, two forces act upon

it:
1) the tension in the string 7 2) the weight mag.

By applying newton’s second law along the tangential

: : : d?
direction: ) Ft=mat=-mgsinf =m d—;

Where sis the length of the arc subtended by the angle 6, and

is given by: s=L0O, 0 isin radians.
The First and second derivatives: ds/dt and d*s/dt? are:

ds _, dé d?s d?*0

at~ ~dat ' a2 " ae?
IF 8 is small then sin 6 = 0, in this case, this equation

2

« . dass,, . d?o
-mgsin 6 =m-— will be 2 L— =-g0

2

. . . d*e :
Defining the constant w =\/%7 this equatlon"L? =-g 0" will

be:

This is a homogenous linear second order differential

equation and its solution is:

0 (t) = 8o cos (wt + @)




where Boand @ are two integration constants. 6 (t) is the
angular displacement of the pendulum From the equilibrium

(vertical) position at time &

w=27nlT

T=2n/w giventhat a)=\/%

ro2m
\/E
L
=472
g9

2
y=mx +b wherey=T? x=L, m= 47” ,b=0

solveforT: T= /47r2 g S5l 1= zn\/g

*note that the period T doesn't depend on the pendulum'’s

mass. It only depends on the length of the string and the “g”

due to gravity at the location of the experiment.

2
A TA 2

the slope is%

*T2=4n.2£

— L )

> >

It isn't linear, but direct It is a linear graph




Sources of error in this experiment:

- Errorsin calculations

- Errors in pendulum measurements.




Experiment 10
“Boyle’s law”

Purpose: to study the relationship between the pressure of

the trapped gas and its volume when it is held constant.

1-Boyle's law expresses the empirical relationship valid For
gases at low densities [ideal gases] between pressure and

volume for a trapped gas at constant temperature.

PV= constant - just when Temperature ‘T'is constant.

A A
P PV

2- Charles' law expresses the empirical relationship valid for
gases at low densities [ideal gases] between volume and

temperature for a trapped gas at constant pressure ‘P'.

= constant = just when pressure ‘P’ is constant.

> =<

AV
AT -Thatis v=0, at absolute zero of temperature

> T (°C)

o]
127315 °C|




Boyle's law and Charles’' law can be combined to produce the

ideal gas law:

[ PV=nRT] R=0.0821

-We use mmHg as the unit of pressure 1atm =760 mmHg

-assuming that the entrapped gas behaves as an ideal gas,

the: [ PV=nRT] at equilibrium, the pressure at the left side

equals the pressure at the right

side.
Pe=Px=Pam+h [P:at mmHg]
PV=nRT

(Patm+ h) V = nRT

nRT

(Patm + h) = 7

V=AL

nRT
Patm + h = ——
AL

nRT
h=— - Patm
AL

_ nRT 1

h—T XZ - Patm Ir

(e d

h(mmHg) Plot (h) versus (1/L)
ﬂx

nRT
Slope=—
P A

fb{- Patm

"a/L)




plot P (Patm + h) versus L

P= (Patm + h)

ﬂk

\ 4
r

Plot PL versus L

A 4

non linear increase Relationship

Constant relationship and that

agrees with Boyle's law




Experiment 11
“Specific heat capacity of metals”

Purpose: to determine the specific heat capacity of a metal

sample using a simple calorimeter.
-Heat (Q) is a fForm of energy.

Qs proportional to the temperature difference [QxAT] and

the proportionality constant is called the heat capacity “C”"

-in "MKS" the unit of heat is joule (J)

‘Q=CAT

Calorie (cal): the amount of heat necessary to raise the
temperature of (1g) of water from 14.5°C to 15.5°C at pressure

of (1 atm).
1cal=4.18)
So, the unit of the heat capacity is J/°C OR Cal/°C

-For a substance in a given phase, at a given temperature and
pressure(P) or volume(V), we define “its specific heat

capacity” “c".

-unitof “c” = J/g.°C OR cal/g.°C




-heat capacity “C" of “M" grams of the substance is related the

specific heat capacity 2 c=%

So, we can write this equation Q= CAT = Q=c M AT
-AT=Te-Ti

Notes:

¢ heat capacity (C) is an extensive property, it is affected
by the magnitude of the substance.

¢ specific heat capacity (c) is an intensive property, it is
not affected by the magnitude of the substance.

** Q>0: heat is added to the system.

+* Q<0: heat is taken From the system.

In this experiment the calculations are simple and

detailed in the following:
-heat Flow to the calorimeter = heat from the metal
Q gained (by calorimeter) = -Q lost (by metal)

-by using the equation 2 Q=c M AT




We can write 2> [(M1C1+ MwCw) (Tr-Ti) = (M2C2) (Tz-Tf)}

<

-

M1-> mass of the container C1->specific heat of the container

Mw—> mass of water Cw~> specific heat of the water

M2->mass of the metal C2-> specific heat of the metal

9% /
N

Y

T1-2initial temperature of calorimeter
T2-> initial temperature of metal

TF>Ffinal temperature for (calorimeter+water+metal)

- )

X= MiCi+ MwCw

By using (X, Y, Z) XY
é -
Y=Te-Th we have C2= M2 7

Z=T2-Te

Specific heat capacity for metal

Theerrors:

AC2=C2\/(—)2 + (& )2+ ( £y2 4 (AMZ)

aX =,/(M1C1)? + (MwCw)? , Cw, C1are constants

AY=/(AT1)? + (A Tf)?

AZ=/(AT2 )2+ (ATH?  AM2= 0.01 g awbslosil dasd edsl gl &




The possible sources of errors:
1- heat loss from the surroundings
2-personal errors

3-systematic errors

summary:

Q=CaT C—~>heat capacity J/°C OR Cal/°C

Q=cM AT c—2>specific heat capacity J/g.°C OR cal/g.°C




Notes:

¢ Inthe kinematics experiment, the tape represents the
distance and time

e The unit of heat capacity is calory/°C

e The unit of specific heat capacity is calory/g. °C

e the parallaxis considered a personal error.

e Theerrorin measuring the diameter of a cylindrical
rod using a micrometer is 0.005 mm.

e Boyle's law represents that the pressure of gas is
inversely proportional to its volume at constant
temperature.

e specific heat capacity depends on the type of material

e inthe Force and motion experiment we increase the
inclination of the track to illuminate the friction fForce.

e Insimple harmonic motion, the angle used must be
less than 50.

¢ |n elastic collisions, the momentum and kinetic energy

are conserved because the system is isolated.




