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1. Inthe 17 30’s Faraday investigated changing magnetic fields and observed an ele reted in
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b) What must be present associated with the induced current?
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c¢) Maxwell in thinking about Faradays findings made an assumption about the symmetry of nature.

What did he assume?
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2. Inthe 17" century light was observed to travel in straight lines and particle theory was consistent with

the measurements of reflection and refraction. Calculations of the speed of light showed it travelled a
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a) Refer to the diagram provided, to explain the creation of an electro-magnetic wave.
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suggest about visible light?
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b) Calculate the frequency of radio waves which have a wavelength of 240cm.
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c) Explain why it is possible to improve the reception of an old TV (analogue) by adjusting the

orientation of the internal antennae.
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3. A compact Disk player reads the surface using a laser beam. The tracks on a CD contain bumps and lands.

As the laser is reflected from these surfaces the signal intensity changes.

Consider a CD where the bumps on the track have a height of 135nm and are read by a laser with
wavelength 520 nm m [ -
ety & Ue_/wétrao/(xdwo Yoo CD
a) Draw a diagram showing a beam reflecting off a bump and a beam reflecting off the flat. Identifykey
N
_information.

¢} By comparing the path difference between the two beams, with the wavelength of the laser, explain why

light reflected from a Zump and a flat surface interferes to produce a beam of reduced intensity.
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4. A diathermy machine, used in physiotherapy to hasten the repair of soft tissue damage, generates e-m
radiation that gives the effect of deep heat. If the machine generates waves with frequency 15.6MHz
a. What is the wavelength of this electromagnetic wave? A= ‘P>\

b. To which part of the e-m spectrum does it belong?

A=%D

“A
3
LwlO

15+b xlo

= 1g.2 ™. o vtk Bl
q cadio  Lae (" protcte—) (»)
©

\

b




L& openaccess
04 SAT Light and Matter

COLLEGE

E v

5. Inayoung’s double slit experiment, the double slits are illuminated with light containing 2 wavelengths.

wn
One of the wavelengths is 580nm while the other is\‘(nown. The fourth bright fringe of the 580nm

radiation coincides with the sixth dark fringe for the unknown wavelength. Determine the unknown
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6. Find the wavelength of three lines in the spectrum of hydrogen, given that these lines reinforce in the
first order at angles of 20.68°, 20.07° and 16.93° from the normal to the grating. Base your calculations

on the fact that the mercur\ga reéﬁllme of wavelength 54.1 nm is seen at 18;82° 40> 2
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7. A5.6x1014 Hz laser beam is directed onto two slits as shown below.

a. Mark on the screen in the diagram below, an indication of the band width(qualitative) for 2

orders above and below the central order.

b. Using the positions shown from part a sketch an intensity graph along the screen. Clearly

indicate the centre of the pattern.
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Monochromatic

Laser beam L
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This diagram is not drawn to scale.

¢. To produce an interference pattern, the light incident on the slits must be in a constant phase

relationship.

6{9 i. Explain the phrase constant phase relationship
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W ii. Inthe diagram above, a coherent light source is from the laser, outline an alternative

/AOS‘[ '/‘1L,-.., method for producing coherent light, from a non-coherent source to illuminate the slits.
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d. Describe quantitatively how the interference pattern with frlnge width of 1.2 x 10* m changes if
e {y )
the distance d between the slits is reduced ﬁua third.
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8. The graph below shows thé/measured angular positions @ of the interference maxima for a transmission

grating, plotted as a function of the order, n of the maximum.
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(extended answer question)

9. Describe the characteristics of the photoelectric effect and how the concept of a photon is important in

explaining these effects.
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10. The photoelectric work function for sodium is 2.3eV

Calculate the threshold wavelength of incident light for this metal

Explain whether light of wavelength 580 nm would cause the emission of a photoelectron

c. Light of wavelength 350nm illuminates the sodium surface: calculate the range of kinetic
energies with which electrons are ejected.
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12. a. Calculate the DeBroglie wavelength of an electron moving with a speed of 3x10°ms™.

b. Explain how would you detect this wave length?
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energy versus momentum
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13. Derive an expression relating kinetic energy to momentum for a particle. Hence sketch' a gxim of kinetic
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