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The correct answeris A because:

The ability to resolve two objects through a circular aperture depends
onthe angular separation, 8, and the Rayleigh criterion
o Thesmaller the value of 8according to the Rayleigh criterion, the
greater the resolution
The Rayleigh criterion is equal to the angular separation when the
images canjust be resolved
The Rayleigh criterion is determined by
A
o f= ].223
o Where 6= angular separation, A = wavelength of light with b=lens
diameter
Therefore, 6 « A
Blue light has a shorter wavelengththanredlight
o Therefore, Bwill be smaller and the resolutionimproved

lens diameter, b, and angular separation, 8, are related by

1
f o — therefore, if the diameter, b, decreases then 8 ,

Bis

. b

incorrectas | , ” n . ,
increases. Anincreasein 8means adecreaseinthe ability to
resolve two objects

c angular separation, 6, and distance between the objects, g,

1

isincorrect arerelated by 8 « FL therefore, a decreasein dleadstoan

as i : s ;
increase in 6. Hence, itis harder toresolve the two objects

Dis a change inlens material will not change the resolving

incorrectas power, aslong as the refractive indexis constant
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The correct answeris C because:

¢ The angle at which the two stars can just be resolvedis determined by
the Rayleigh criterion, @
A
o 8= 1.223
e Listthe known quantities:
o Wavelength of light, A=3mm=3x10"3m
o Diameter of the telescope collection dish, b= 30 cm =30 x 102

m
e Substituteinvalues:
(3x1073) 1
o O= ].EEW =1.22x m

o Therefore, 8=0.0122 rad

A
s 7 = 0.01has notbeenmultiplied by 1.22 whichis
Aisincorrectas | b

required for a circular aperture

Bisincorrect as 'the diameter of the telescope collection dish has not
beenconverted fromcmtom

A
§ - 0.01 hasbeendivided by .22 rather than ,

Disincorrectas
; multiplied by 1.22 as required by the equation for the

Rayleigh criterion

The correct answeris C because:

¢ Theresolution of two objects is possible when the angular separation
is greater than or equal to the Raleigh criterion, &

&, 122i
@ =1 E}

o Where Ais the wavelength of light and bis the diameter of the
aperture
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= Thediameterof acircleis equalto twice theradius
o b=2r
e Substitutingin 2r for bgives:

7] 122‘1
}, i e
o 2r

A
e Therefore, 8 > U.ﬁl?

Aisincorrect
as

theradius, r, has not been multipliedby 2

Bisincorrect
as

the radius, r, has been squared rather than multiplied by 2

Disincorrect
as

the operator £has beenusedrather than 2

4

The correct answeris B because:

¢ The magnitude of the Rayleigh criterion will equal the angular
separation, 6at the point the galaxies can just be resolved

A
The Rayleigh criterionis givenby 8 = 1.223

List the known quantities:
o Wavelength of light, A=500nm=500x10""m
o Angularseparation, 6=1x 10 %rad
o Diameter of the telescope's collectiondish= b
Rearrange to make b, the subject

A
o b= 1.225
s Substitute invalues:
(500 1079)
o b= ].EEW =1.22x0.5

o Therefore, b=0.61m
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A,C&Dare the wrong orders of magnitude have beenused for the
incorrect as wavelength of light

Calculation errors involving orders of magnitude are very easy to make.
Make sure you check prefixes and powers of 10 very carefully!

o]

The correct answeris A because:

The resolvance, R, of the diffraction grating can be calculated using

A
k=
Ais the average wavelength
(500 + 400)
A=———=450nm=450x10""m

2

AAis the change inwavelength

o AA=500-400=100nm=100x10""m
A (450%1079)
Al (100%x107%)
Ris also givenby R= Nx m, where:

o N=number of linesilluminated

o m-= orderofdiffraction
Rearranging for N:

Therefore, R = 4.5

R
o N=—
m
Substituting in values for Rand magives:
— 4.5
=g

Therefore, number of lines illuminated = 2.25
the values of wavelength have been added together, A=
500 + 400 =200 nm, rather than subtracted, A=500 -
400 =100 nm

Bisincorrect

ds

and

1 has beenused as the the order of diffraction, rather than
2
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the values of wavelength have been added together, A=
500 + 400 =900 nm, rather than subtracted, A=500 -
400=100 nm

Cisincorrect
as

Disincorrect 1hasbeenused as the the order of diffraction, rather than
as s

The correct answeris D because:

e According to the Rayleigh criterion the two sources of wavelength, A
through a single slit, b are just reselvable when the angleisequalto
that of the first diffraction minimum, &

B A
L
e Foracircular aperture this value is multiplied by 1.22:
A
o 8= 1.223

e Therefore, replacing thecircular aperture with a narrow slit will enable
the beams to be resolved

moving the laser beams further away from the aperture
reduces the angular separation. Since resolutionrequires
the angular separation to be greater than or equal to the
Rayleigh criterion this change makes the sources harder to
resolve

Aisincorrect
as

using red light willmake the sources harderto resolve
since anincrease in wavelength will result in an increasein
the magnitude of the Rayleigh criterion

Bisincorrect
as

decreasing the size of the aperture will resultin an increase
in the magnitude of the Rayleigh criterion, and so the
sources will be harder to resolve

Cisincorrect
as

To answer questions with qualitative answers, itis often necessary touse
the relevant equations. Inthis case these equations are:
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5
s 0= = where sis the separation between the objects and dis the

distance between the objects and the observer

A
o O= 1.223 . where Ais the wavelength of light and bis the diameter of

the aperture

By considering the relationship between 8and the othervariables, itis
possible to consider the effect of changing each variable.

The correct answeris C because:

e Theimagescanjust be resolved, therefore the Rayleigh criterion

applies

A

o = 1.223
- (600x 1079)
AT ITy

o §=1.22x(300x107%)=3.66x 10~*rad

 Whenthe imagescanjust beresolved, the Rayleigh criterion is equal
to the angular separation, &

hy
o =—

d
s d=2Kkm=2000m
n s=distance betweentwo bushes
o s=0xd
o §=(3.66x107%)x2000=0.732m

Aisincorrect 3.66 x10°* mis the magnitude of the angular separation,
as &, not the separation of the two bushes, s

Bisincorrect
as

kmhas notbeenconvertedtom
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nm have not been converted to m for the wavelength

o nor mm to m for the diameter of the person’s pupils
Disincorrect

as and then the magnitude of the angular separation, 6, has
been given, not the separation between the two bushes,
5
8

The correct answeris C because:

e The number of lines, N, illuminated by the beam can be found by:
o N=width of beaminmm x number of lines permm
o N=0.2«108=20

Resolving power, Ris found by:

o R=Nxm

¢ Resolving poweris alsorelated to the wavelength:
A
o R= H
» where A= average wavelength and AA=changein
wavelength
e These two equations can be combinad:
A
o Nxm= el
o AAx(Nxm)=21
A (600x107%) (600x10-9)
A s ¢ 60

o Ad=10x10"7=10nm

The two wavelengths can be determined by A+ R

o The average wavelengthis 600 nm and AAis10 nm

10
o A1=EUU+?=6D5hm

10
o Az=600— ?=5'?5 nm
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Aisincorrect

Al
= A+ AA hasbeenused, ratherthanAiT

i the first orderspectrum, m=1,has beenused. Thisthen
(600 10-9)

as i W sk Rl (WS
gives Al 20 30 nm

the first order spectrum has beenused

Disincorrect and
as

A+ AA hasbeenused, ratherthan A iT

The correct answeris D because:

* Resolvance, R, is given by the product of the number of lines, N,
illuminated by the beam and the order of the spectrum
¢ The order of the spectrumin this example is constant
o Therefore only Nwill affect the resolvance

¢ N=widthof the beamin mm x number of linesper mm
o Therefore, the maximum resolvanceis found when Wx Lis
largest
e Thevaluesforline D give the largest product:
o 1.5x500=750linesilluminated

the product of W x L=3.0 x200 =600 lines
Aisincorrect as |illuminated. Thisis fewer than 750 lines, therefore A
does not have the highest resolvance.

the productof Wx L=4.0 x100=400lines
illuminated. This is fewer than 750 lines, therefore B
doesnot have the highest resolvance.

Bisincorrect as

the product of W x L=1.0 x 350 = 350 linesilluminated.

Cisincorrectas Thisis fewerthan 750lines, therefore C does not have
the highest resolvance.
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The correct answeris A because:
¢ Resolutionis determined by the magnitude of the Rayleigh criterion,
G.
A
o 8= 1.223 where A = wavelength of light (m) and b= diameter of
slit (m)
e Ahigherresolutionis possible when the magnitude of Bis as small as
possible

1
¢ The equationtellsusthat # o e

o Therefore anincreased diameter leads to greater resolution
o This eliminates options CandD

¢ The equationtellsusthat @ o

1 1
o Sinced o gl = —

| -y

o Therefore anincrease infrequency leads to a greater resolution,
hence Ais correct
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