UNIVERSTY OF WATERLOO

Physcs 360/371 — Experiment 6
ULTRASONIC DIFFRACTION OF LIGHT

Referencess Fundamentds of Ultrasonics, J. Blitz; Ultrasonics, B. Calin

This experiment sarves as an introduction to ultrasonic waves  Ultrasonic waves are longitudind
waves with frequencies extending from beyond the audio range up to a practica limit of ~ 10°
Hz

Ultrasonic waves have many gpplications, from burglar detection to medica thergpy, but
we shdl use the waves in this experiment to measure the speed of sound and the bulk modulii of
a few liquids If such waves ae generated in a liquid, then the index of refraction varies
periodicdly throughout the liquid as a result of changes in dendty resulting from the passage of
the wave. Therefore, the liquid will act as a phase diffraction grating when a beam of light is
pased through it, and from the reaulting diffraction pattern the wavelength of the ultrasonic
waves can be determined. In this experiment standing waves may be st up between a quartz
transducer and a pardld surface. The spacing between the transducer and plate is adjusted using
a micrometer. Note that danding waves are not necessay but some improvement in the
diffraction pattern may result when standing waves are set up.

The crystad has a fundamentad resonance ner 5 MHz and 0 a frequency of
goproximatdy this vdue should be used in the initid st up. The driving frequency is derived
from an osdillaor and fed to the cydd via a power amplifie. Measurements may dso be
carried out in the region of the third and fifth harmonics of the crystd near 15 and 25 MHz

Note that it is necessry to carefully adjust the incoming light beam to be as nealy as
possble padld to the piezodectric aydd — as the “grding” extends over a rdaivey large
digance in the direction of the light.

EXPERIMENT

Determine the wavelength of the light from the source provided (a laser). A diffraction
grating (ronchi ruling) is provided for this purpose, dong with a traveing micrascope which can
be used to measure the gpacing of the lines on the grating as well as the spacing of the points in
the diffraction pattern.

Two polaroid filters are provided to vary the beam intendty as required. For direct
viewing of the beam the filters should be oriented approximatdy 90° to each other to minimize
the brilliance.  The liquid cedl and the graing are placed nearest the lasar.  The polaroid filters
are placed next in the beam. The lens (focd length given) is placed next. A ground glass screen
is placed in the focd plane of the lens with the ground dde towad the lens. The travding
microscope is focused on the ground Sde of the screen.




If the grating is moved dong the opticd axis or across the beam (within reason), is the
diffraction pettern dtered? Explain usng aray diagram.

Note that the index of refraction of the liquid will have two effects (8) the wavdength of

light will be different in the liquid and (b) the light will be refracted & the cdl windows Explain
why this refraction has no net consequence.

A block diagram of the set-up is shown below.
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Make sure you rinse the cdl out with the liquid to be used as a guarantee that the previous
liquid is completdly removed. Do not leave any waer in the cdl! Use mehanol (highly
flanmable) last. Dump used liquids in the container provided.

(1) Usng the traveling microscope determine the graing space of the diffraction grating
(ronchi ruling).

(2) Place the graing and lens perpendicular to the laser beam as shown in diagram.  This can
be achieved by noting when the spacing between the diffraction spots is minimized.
Explan.

(3) Determine the wavelength of the laser source from the diffraction pattern in the focd
plane of the lens.

(4) With the liquid cdl in place as the phase diffraction grating determine the wavelength of
sound in two liquids from the obsarved diffraction patterns a the three frequencies 5, 15,
and 25 MHz.

(5) Determine the speed of sound in eech liquid from your deta

(6) Cdculae the bulk moduli for the liquids and compare with the accepted vaues.

(7) Keep track of errors and assign uncertainties to your find results.



APPARATUSLIST

Opticd bench

Laser, mounted

2 polaraid filters, mounted

Transmisson diffraction grating, mounted

Thin bi-convex lens (focd length given), mounted
Traveling microscope, mounted

Radio frequency oscillator

Frequency counter

Radio frequency amplifier

Radio frequency filter

Diffusing screen, mounted

Ultrasonic cdl with two quartz transducers, mounted
Weadter liquid container

Liquids Methanol, ditilled weter



