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Path Difference & Coherence

» Interference occurs when waves overlap and theirresultant displacement is the sum of the
displacement of eachwave

= This resultis based on the principle of superposition and the resultant waves may be
smaller orlarger than either of the two individual waves

Coherence
* At points where the twowaves are neither in phasenorin antiphase, the resultant amplitude
is somewhere in between the two extremes
* Waves are said to be coherentif they have:
= Thesame frequency
o Aconstant phase difference
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COHERENT NOT COHERENT X
Coherent v non-coherent wave. The abrupt changein phase creates aninconsistent phase
difference
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+ Coherenceis vitalin order to produce an observable, or hearable, interference pattern
o Laserlightis an example of a coherent light source, whereas filament lamps produce
incoherent light waves

o When coherent soundwaves are in phase, the soundis louder because of
constructiveinterference

Path Difference
s Pathdifferenceis definedas:

The differencein distance travelled by two waves from their sources to the point
where they meet

+ Pathdifferenceis generally expressedin multiples of wavelength

PATH DIFFERENCE = A
CONSTRUCTIVE
INTERFERENCE

PATH DIFFERENCE =
DESTRUCTIVE
INTERFERENCE

N

At point P, the waves have a path difference of a whole number of wavelengths resultingin
constructive interference. At point P; the waves have a pathdifference of an odd number of
half wavelengths resulting in destructive interference

+ Inthe diagram above, the number of wavelengths between:
a S] - P] =6
o Sp=+P1=6.5)
o S)=#Py=7h
o Sy=pPs=6i
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+ Thepathdifference at point Pyis .54 - 6i.=4 f2
» Thepathdifference at point Py is 7h - 6L =L

+ Ingeneral:
o The condition for constructive interferenceis apathdifference of ni
o Theconditionfor destructiveinterferenceis a pathdifference of (n +'2)i
o Inthis case,nisanintegeri.e.0,1,2,3...

KEY:
== CRESTS

7z

POINT P

At point P the waves have a path difference of a whole number of wavelengths resultingin
constructive interference

+ Anotherway torepresent waves spreading out from two sources is shownin the diagram
above
« At point P, the number of crests from:
o SourceSy=4k
o SourceS; =6k

+ ThepathdifferenceatPiséi-4i=24
* This is a whole number of wavelengths, hence constructive interference occurs at point P
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@ PEAK + PEAK
O TROUGH + TROUGH
© PEAK + TROUGH LINES OF MAXIMUM DISPLACEMENT

el

TE POINT SOURCES

An experiment demonstrating interference of water waves.

Water ripples are generated from two red point sources. As the waves travel away from their
source they interfere with each other. When the peaks from each wave meet at the same
blue point constructiveinterference occurs and the water is highest. When the troughs from
eachwave meet at the same orange point constructive interference occurs and thewateris
most shallow. When the peak from one wave meets the trough of another destructive
interference occurs and the water here s flat.

> Worked Example

The diagram shows the interferences of coherent waves from two point sources.

X
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Which row in the table correctly identifies the type of interference at points X, Y and
Z

X Y Zz

A Constructive | Destructive Constructive

B Constructive | Constructive | Destructive

c Destructive Constructive | Destructive

D Destructive Constructive | Constructive

ANSWER: B

« AtpointX:
o Bothpeaks of thewaves are overlapping
o Pathdifference=5.54-4.54=1
o This is constructive interference and rules out options CandD

+ Atpoint:
o Both troughs are overlapping
o Pathdifference=3.51-3.5.=0
o Therefore constructiveinterference occurs

+ o Apeakofoneofthewaves meets the trough of the other
¢ Pathdifference=4).-3.5L=1/2
o Thisis destructiveinterference
o AtpointZ:

) ExamTip

Remember, interference of two waves can either be:

* |nphase, causing constructive interference. The peaks and troughs line up on
both waves. The resultant wave has double the amplitude

+ Inanti-phase, causing destructiveinterference. The peaks on onewave line
upwith the troughs of the other. The resultant wave has no amplitude

Think of ‘constructive’ interference as ‘building’ the wave and 'destructive’
interference as 'destroying’ the wave.
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Interference & Diffractionof aLaser

» Interference and diffraction of lasers can be demonstrated with slits or diffraction gratings
+ Forlightrays, such as a laser light through two slits, an interference pattem forms on the
screen

LIGHT INTERFERENCE EXPERIMENT

e
CONSTRUCTIVE

lo INTERFERENCE

(BRIGHT)

DESTRUCTIVE
le INTERFERENCE
(DARK)

MONOCHROMATIC
LIGHT SOURCE CONSTRUCTIVE
e.g. LASER I INTERFERENCE

| (BRIGHT)

R

DESTRUCTIVE
l* INTERFERENCE
(DARK)

SCREEN

CONSTRUCTIVE
[ INTERFERENCE
(BRIGHT]

Laser lightinterference experiment

= Constructive interferenceis shown as bright fringes on the screen
o Thehighestintensity is in the middle

+ Destructiveinterference is shown as the dark fringes on the screen
o Thesehavezerointensity
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Safety Issues with Lasers

* Lasers produce a very high energy beam of light
« This intense beam can cause permanent eye damage oreven blindness
* Inschools, onlyclass 2 lasers are allowed - these are lasers with a power output of less than
TmW
o However, more powerful lasers can reach outputs of more than 500 mW
o Theseare known as class 4 lasers, They are so powerful they can make a person
instantly blind and can even damage the skin

| EYE INJURY HAZARD |

LOW* MEDIUM HIGH |

I I 1 T 1 1 T 1 1 1 I 1 I L J |
o 00 200 300 400 S00 &00 T00 8O0 @00 000 MO0 1200 1200 400 1500
POWER, MILLIWATTS 1 WATT) 15 WATTS!

CLASS 38 CLASS 4
5-500 mW 500 mW+

CLASS 2 CLASS 3R
O=1mw 1=5 mw

The four classes of laser: In a school laboratory, only Class 2 lasers may beused

Precautions

+ [t'simportanttouse lasers safely andfollow the guidelines:
o MNeverlookdirectly at alaserorits reflection
o Don'tshinethelasertowards a person
o Don'tallow alaserbeam toreflect from shiny surfaces into someone else's eyes
¢ Wearlaser safety goggles
o Place a'laser on' warning light outside the room
o Standbehindthelaser

A CAUTION
LASER

PROTECT EYES
AND SKIN
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Placing alaser warning sign cutside of the door is one precaution that can be taken when
using lasers

Sound & EM Wave Interference

Using Sound Waves

+ Two-sourceinterference of sound can be demonstrated with two speakers

> RAREFACTION
1+ COMRRESSION

@ = CONSTRUCTIVE
INTERFERENCE
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Soundwaveinterference fromtwo speakers

+ Soundwaves are longitudinal waves so are made up of compressions andrarefactions
+ Constructive interference occurs when the compression and rarefactions lineup and the
sound appears louder
« Destructive interference occurs when the compression lines upwith a rarefaction and vice
versa. The soundis quieter
o Thisis the technology used in noise-cancelling headphones

+ Thetwowaves interfere causing areas of constructive and destructive interference

Using Microwaves
* Two sourceinterference for microwaves can be detected with a moveable microwave
detector

MICROWAWVE INTERFERENCE EXPERIMENT

@ CONSTRUCTIVE
INTERFERENCE

® DESTRUCTIVE
INTERFERENCE

MICROWANVE
TRANSMITTER

MICROWAVE
DETECTOR

METAL PLATES
WITH TWO SLITS
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Microwaveinterference experiment

+ Constructive interference: regions where the detector picks up a maximum amplitude
« Destructive interference: regions where the detector picks up no signal

*) Worked Example

-
Two speakers are set upin a room and play a note of frequency 280 Hz. The waves

arein phase as they leave the speaker. Astudentwalks 3.0 m between two
speakers and hears quiet and loud spots as she moves.Calculate the number of
quiet spots the student hears as she walks.Speed of soundin air= 340 ms™"!

Step 1: Calculate the wavelength

Wave equation: v = fA

Step 2: Write down the condition for destructive interference

. 1
Path difference = (n + 5) A

Step 3: Calculate the smallest path difference

+ The shortest path difference occurs whenn =0

+ Therefore, the first quiet spotis at 0.6 m
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Step 4: Calculate the next smallest path differences

¢ Whenn=1:
_ 34 3x12
o Path difference=—=—""=18m
2 2
e Whenn-=2:
. 54 5x1.2
o Path difference = ? = T =3.0m

Step 5: Write a concluding sentence

Therefore, in 3.0 m, the student hears 3 quiet spots

Double SlitInterference

Two Source Interference

+ Fortwo-source interference fringes to be observed, the sources of the wave must be:
o Coherent (constant phase difference)
o Monochromatic(single wavelength)

* When twowaves interfere, the resultant wave depends on the phase difference between
thetwowaves
o This is proportional to the path difference between the waves which can be writtenin
terms of thewavelength A of the wave

* As seen from the diagram, the wave from slit Sz has to travel slightly further than that from S,
toreach the same point onthe screen
o Thedifferencein this distanceis the path difference
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CONSTRUCTIVE INTERFERENCE:
PATH DIFFERENCE = nA

DESTRUCTIVE INTERFERENCE:

BATH DIFFERENCE =

n+%]ﬁ

WHERE n=0,1,2,3..

PATH
DIFFERENCE

Path difference of constructive and destructive interference is determined by wavelength

+ Forconstructive interference (ormaxima), the difference inwavelengths will be an integer
number of whole wavelengths
+ Fordestructiveinterference (orminima)itwill be an integer number of whole wavelengths

plus a half wavelength
@ nis the order of the maxima/minima since there is usually more than one of these

produced by the interference pattem

+ An example of the orders of maxima is shown below:
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> MINIMA,

PATH
DIFFERENCE

Interference pattern of light waves shown with orders of maxima
* n=0istakenfromthe middle,n=1is oneeithersideandsoon

Young's Double Slit Experiment
+ Young's double-slit experiment demonstrates how light waves can produce an
interference pattern
+ Thesetup of the experiment is shown below:

Page 13 of 30
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DIFFRACTED LIGHT
FROM SLIT A

INTERFERENCE
PATTERN

MONOCHROMATIC

Ay

LIGHT SOQURCE I
AY

= SR
|7/

)
Joh)

DIFFRACTED LIGHT
FROM SLIT B

Young's double-slit experiment arrangement

« When a monochromatic light sourceis placed behind a single slit, the light is diffracted
producing two light sources at the double slits Aand B

+ Since both light sources ariginate from the same primary source, they are coherent and will
therefore create an observable interference pattern

« Both diffracted light from the double slits create an interference pattern made up of bright
and dark fringes
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‘, Worked Example
L ]

Two coherent sources of sound waves 5 and S; are situated 65 cm apartin air as
shown below.

65 cm

|
I
i
i
I
|
i
.52

Thetwo sources vibrate in phase but have different amplitudes of vibration. A
microphone Mis situated 150 cm from S1along the linenormal to $yand S2. The
microphone detects maxima and minima of the intensity of the sound. The
wavelength of the sound from 5§, to Ssis decreased byincreasing the
frequency.Determine which orders of maxima are detectedat M as the wavelength
isincreasedfrom3.5cmtol2.5¢cm.

STERN2

STEP 3

STEP 4

CALCULATE THE PATH DIFFERENCE
150

163

FROM PYTHAGORAS' THEOREM

657 + 1507 = 163

PATH DIFFERENCE =163 — 150 =13 cm

MAXIMA JARE TAUSED | BYy CONSTRUCTIVE INTERFERENCE

CONSTRUCTIVE

PATH DIFFERENCE =nA n=0,1,2,3..

INTERFERENCE:

13=nA
n=0 A=0
13
n=1 A= =13cm ONLY THESE TWO ORDERS
13 ARE WITHIN THE WAWELENGTH
n=2 ,'153’6.5“11 RANGE.
13 WAVELENGTHS OF 65em AND
p=d AR =dIem 43cm ARE WHERE MAXIMA
13 ARE DETECTED.
n=4 A= ik 3.3cm
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O ExamTip

i The path difference is mere specifically how much lenger, or shorter, one pathis than
the other. In otherwords, the differencein the distances. Make sure not to confuse
this with the distance between the two paths.

Fringe Spacing Equation

+ Thefringe spacing can be calculated from the interference pattern and the experimental

setup
o These are related using the double-slit equation:

/{IDISTANCE BETWEEN DOUBLE

WAVELENGTH
OF SOURCE (m)

SLIT TO THE SCREEN (m)

W = FRINGE WIDTH

AD
S
(DISTANCE BETWEEN \‘v

DISTANCE BETWEEN CENTRES
OF THE SLITS (m)

SUCCESSIVE BRIGHT
FRINGES) (m)

INTENSITY

Double slit interference equation withw, s and D represented on a diagram
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+ Theinterference pattern on a screen will show as ‘fringes’ which are dark or bright bands
o Constructive interference is shown through bright fringes with varyingintensity (most
intense in the middle)
o Destructiveinterference is shown from dark fringes where nolightis seen

+ Thedistance between fringes is very small due to the short wavelength of visible light
o Amonochromatic light source makes the fringes easier to observe

% Worked Example
®
Alaseris placed in front of a double-slit as shown in the diagram below.

15 mm

- / double slit
[}

bright fringes

4.5m

:
!
[}
= 1

screen

The laser emits light of frequency 750 THz. The separation of themaxima Pand @
observed on the screenis 15 mm. The distance between the double slit and the
screenis 4.5 m.Calculate the separation of the two slits.

STEP 1 CALCULATE THE WAVELENGTH OF THE LIGHT
v=fA

STEP 2 REARRANGE FOR A AND SUBSTITUTE IN VALUES

A=Y =—"_ = 4.:107"m =400nm

STEP 3 FRINGE SPACING EQUATION

_Ap
W

Page 17 of 30
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STEP 5 SUBSTITUTE IN VALUES
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_AD
S="W

-7
PR L I 1 P L T

B0,
<, TOTAL NUMBER OF

| BRIGHT FRINGES

O ExamTip

Sincew, s and D are all distances, it's easy to mixup which they refer to. Labelling the
double-slit diagram as shown in the notes above will help torememberthe orderi.e.
wand s inthe numerator and D undemeathinthe denominator.

Interference Patterns

If the monochromatic laser light is replacedwith a white light source, the interference
pattern ocbserved s slightly different
White light is composed of all the colours of visible light, so, each wavelength of white light
produces its owninterference pattern
The central fringeis white because, at that position, the path difference for allwavelengths
present is zero, therefore allwavelengths will arrive in phase

¢ Thecentral fringeis, therefore, the same colour as the source i.e. white

The first maximum occurs when the path differenceis &
o Sinceblue light has a shorter wavelength than red light, the path difference will be
smaller, so the blue maximum will appear closer to the centre

Each colourwill produce a maximum in a slightly different position and so the colours
spread outinto a spectrum

Page 18 of 30
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WHITE
LIGHT
SOURCE

ZERO ORDER -
CENTRAL FRINGE

P o= h
FIRST ORDER

SPECTRUM |
SECOND ORDER
SPECTHUM I I I |

Each fringe appears as a visible spectrum apart from the central white fringe. Red s
diffracted the most, violet is diffracted the least

DIFFRACTION
GRATING

Developing Theories of EM Radiation
Isaac Newton (1672)
+ Newton proposed that visible lightis a stream of microscopic particles called corpuscles
+ However, these corpuscles could notexplain interference or diffraction effects, therefore,
theview of light as a wave was adopted instead

Christiaan Huygens (1678)

* Huygens came up with the original Wave Theory of Light to explain the phenomena of

diffraction and refraction
+ This theory describes light as a series of wavefronts on which every pointis a source of

waves that spread out and travel at the same speed as the source wave
o Theseare known as Huygens' wavelets

Thomas Young (1801)
+ Youngdevised the famous double-slit experiment
+ This provided experimental proof that lightis a wave that can undergo constructive and

destructive interference
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James Clerk Maxwell (1862)

+ Maxwell showed that electric and magnetic fields obeyedthe wave equation. This means
that light was simply waves made up of electric and magnetic fields travelling
perpendicularto one another

+ Later, Maxwelland Hertz discovered the full electromagnetic spectrum

Albert Einstein (1905)
+ Einstein discoveredthatlight behaves as a particle, as demonstrated by the photoelectric
effect
+ Hedescribed light in terms of packets of energy called photons
+ Laterthe scientific community came to understand that light behaves both like a wave and
a particle
o Thisis known as wave-particle duality

CHRISTIAAN HUYGENS
1628-1695

S WAVE THEORY OF LIGHT
—

ISAAC NEWTON
O————  1643-1727

*‘CORPUSCLES"
I

= ELECTRIC
FELD:

MAGHETIC
FIELD

- sl
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DIRECTION OF
WAVE TRAVEL

THOMAS YOUNG

1773-1828
YOUNG'S DOUBLE-SLIT JAMES CLERK MAXWELL
EXPERIMENT 1831-1879

ELECTROMAGNETIC WANES

=1

ALBERT EINSTEIN b 00
1879-1955 —()

PHOTOELECTRIC EFFECT

Required Practical: Young's Slit Experiment & Diffraction Gratings
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Purpose

Laser

To use as a source of monochromatic Light

Single 5lit

To focus the laser beam ento the double slit (optional)

Double Slit

Teo diffract the beam intoe two sources of coherent Light

Diffraction
Grating

To diffract the beam into multiple sources of coherent Light

Metre ruler

To measure the distance between the slits and the screen (D)

Vernier Callipers

To measure the fringe width (wl and slit separation
(if not quoted on double slit)

Retort Stand

To support the Laser and slits at the same height

White Screen

To project the interference patternon to

Set Square

To ensure all components are aligned to the normal perfectly

» Resolution of measuring equipment:

o Metreruler=1mm

o Vernier Callipers =0.0Tmm

Young’s Double-Slit Experiment

The overall aim of this experimentis to investigate the relationship between the distance
between the slits and the screen, D, and the fringe width, w

* Independent variable = Distance between the slits and the screen, D
» Dependent variable = Fringe width, w

« Controlvariables

o Laserwavelength, A

o Slit separation, s
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Method

FRINGE PATTERN
FRINGE WIDTH W

DOUBLE SLIT
SEPARATION S
LASER

WAVELENGTH A

....wj

S = £
SINGLE [ C;_Cé

SLIT

The setup of apparatus required to measure the fringe width w for different values of D

1. Setupthe apparatus by fixing the laser and the slits to a retort stand and place the screen
sothat Dis 0.5 m, measuredusing the metre ruler

2. Darken theroomand tum on thelaser

3. Measure from the central fringe across many fringes using the vernier callipers and divide
by the number of fringe widths to find the fringe width, w

4.Increase thedistance D by 0.1m andrepeat the procedure, increasing it by 0.1m each time
uptoaround1l.5m

5. Repeat the experiment twice more and calculate andrecord the mean fringe width w for
eachdistance D

+ Anexample table mightlook like this:
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DISTANCE BETWEEN |FHINGE WIDTH
SLITS AND SCREEN

W/ m W/ m W/ m W/ m
D/ m 1st READING | 2nd READING | 3rd READING | MEAN
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
13
1.4
1.5

Analysingthe Results
* Thefringe spacing equation is given by:
AD

w=—
5
« Where:

o w=thedistance between each fringe (m)

o A=thewavelength of the laserlight(m)

o D=thedistance between the slit and the screen(m)
o §=theslit separation(m)

« Comparing this to the equation of a straight line: y = mx
o y=wim)
o x=D(m)
o Gradient = A/s (unitless)

Plot a graph of wagainst D and draw a line of best fit
« Thewavelength of the laserlightis equal to the gradient multiplied by the slit separation,
because:
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GRADIENT = %
W/ m

A =5 x GRADIENT

S
-

D/m
Interference by a Diffraction Grating

The overall aim of this experimentis to calculate the wavelength of the laserlight using a
diffraction grating

* Independent variable = Distance between maxima, h
+ Dependentvariable = The angle between the normal and each order, 4, (wheren=1,2, 3etc)
« Controlvariables

¢ Distance between the slits and the screen, D

o Laserwavelength A

o Slit separation. d

Method

ORDERS OF THE
DIFFRACTION PATTERN

e
e 7% SCREEN
n=2
n=1
h,
n=0
hy =1
DIFFRACTION_
GRATING n=2
le |
I D 1
The setup of apparatus required to measure the distance between maxima h at different
angles @
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1.Placethelaseron aretort stand and the diffraction grating in front of it

2. Use a set square to ensure the beam passes through the grating at normal incidence and
meets the screen perpendicularly

3. Set the distance D between the grating and the screen to be 1.0 musing a metre ruler

4, Darken the room and tum on the laser

5. Identify the zero-order maximum (the central beam)

6. Measure the distance h to the nearest two first-order maxima (i.e. n =1, n = 2) using a vernier
calliper

7. Calculate the mean of these twovalues

8. Measure distance h forincreasing orders

9. Repeat with a diffraction grating with a different number of slits permm

« Anexample table might look like this:

DISTANGE
ANGLE

DIFFRACTION. BETEEHI B BETWEEN MAXIMA
ORDER

| h/m h/m h/m

N | 4st READING | 2nd READING | Mean | 8/°

1

2

3

i

5

Analysing the Results

The diffraction grating equationis given by:

ni.=dsing
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* Where:
o n=theorderof the diffraction pattern
o Ai=thewavelength ofthelaserlight(m)
o d=thedistance between the slits (m)
= the angle between the normal and the maxima

o

« Thedistance between the slits is equal to:

4 1
"N
+ Where
o N=thenumber of slits per metre(m)

« Sincetheangleis notsmall, it mustbe calculated using trigonometry with the
measurements forthe distance between maxima, h, and the distance between the slits and
the screen, D

h 1 h
tan 8 =— — d=tan™ |—
D D
« Calculate a mean #value for each order
* Calculate a mean value for the wavelength of the laserlight and compare the value with the

accepted wavelength
o This is usually 635 nm for a standard schoolred laser

Evaluating the Experiments
Systematic errors:

+ Ensure theuse of the set square to avoid parallax error in the measurement of the fringe
width

+ Usinga grating with more lines per mm will result in greatervalues of h. This lowers its
percentage uncertainty
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Random errors:

The fringe spacing can be subjective depending onits intensity on the screen, therefore,
take multiple measurements of w and h (between 3-8) and find the average
Use a Vernier scale to record distances w and h toreduce percentage uncertainty

Reduce the uncertainty in w and h by measuring across all visible fringes and dividing by the
number of fringes

Increase the grating to screen distance D toincrease the fringe separation (although this
may decrease the intensity of light reaching the screen)

Conduct the experiment in a darkened room, so the fringes are clear

Safety Considerations

?

Lasers should be Class 2 and have a maximum output of no more than TmW
Do not allow laser beams to shineinto anyone's eyes

Remove refiective surfaces from the room to ensure no laser light is reflected into anyone’s
eyes

Worked Example

Astudentinvestigates the interference pattems produced by two different
diffraction gratings. One grating usedwas marked 100 slits / mm, the otherwas
rmarked 300 slits /mm. The distance between the grating and the screenis
measured to be 3.75 m.The student recorded the distance between adjacent

maxima after passing a monochromatic lasersource through each grating. These
results are shown in the tables below.

Average Cumulative

300 slits/mm  h;/cm: h,/em | h/cm Total h/fecm

n=0to 1 T ¥ 15 71.8 71.6

n=1to 2 79.8 79.8 79.8 151.4

Average Cumulative

100 slits/mm  h,/em h,/ecm h/cm Total h/em

n=0to1 23.8 24.0 23.8 23.9

n=1te 2 24.0 25.0 245 48.4

Calculate the mean wavelength of the laserlight and compare it with the accepted
value of 635 nm. Assess the percentage uncertainty in this result.
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Step 1: Calculate the distance between the slits

1 1
For 300 slits / mm: d===s—
N  300x 103
For 100 slits / d 2 _1
r i mm: ===
- el N 100 x 103

Step 2: Calculate the mean angle for each order

h
= =1 | —
BI=IE (D)

« Faor 300 slits / mm:

71.6
= =1 —1 = o
@: = tan (3?5) =10.81
151.4
6z = tan™! {? = 21.89°

s For 100 slits / mm:

o -1 & = o
f; = tan 375 3.647

48.4
6z = tan™! (ﬁ) = 7.354°

Step 3: Use the grating equation to determine the wavelengths for each order

nA=dsiné
« For 300 slits / mm:

1
n=1 1=—————xsin 10.81° = 6.25 x 1077 = 625 nm
300 x 103

1
—— i ° _ =7 =
A 2% (300 X 109) = 5in 21.99° = 6.24 = 10 624 nm
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EXAM PAPERS PRACTICE
¢« For 100 slits / mm:

1
n=1: l=———xsin 3.647°=6.36 x 10’ = 636 nm
100 x 103
1 =

A=———————xsIn /.394° = b.40 x LU’ = b4U nm
2x(100 x 103)

Step 4: Calculate the mean wavelength

625 + 624 + 636 + 640
Mean A = 2 =631.25 =631 nm

Step 5: Determine the percentage uncertainty in this value
= The difference between the calculated and accepted value is:

635-631=4nm

4
% uncertainty = 635~ 100% = 0.6%
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