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The production of ultrasounds can be done by using piezo electric crystals/ Quartz crystals. The effect demonstrated above is called
piezo electric effect.

In an unstressed mode the crystals are positioned such that the distribution of positive charges and negative charges are symmetrical i.e.
no potential difference is generated between the two silver electrodes.

However if the crystal is compressed or stretched the centers of positive and negative charges will shift.

If vibrated continuously an alternating potential difference can be generated between the electrodes due to the shifting of the center of
positive and negative charges.

Conversely if the crystal is supplied with small alternating potential difference, the crystal can be made to vibrate.

This vibration results in the production of sound waves.

The frequency of the a.c. supply is such that the vibration of the crystal produces sound in excess of 20KHz.
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Using this information it can be noticed that this fraction(o() is high when ultrasound enters or leaves
the body ( i.e. a boundary between the air and soft tissues). To reduce this fraction gel is used as a
coupling medium. This information signifies that very little or no information can be gathered about
regions beyond lungs or for that matter any air filled cavities.
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TYPES OF ULTRASOUNDS

There are basically 3 types of techniques known as the A-scan, B-scan and the Doppler
ultrasound.

The A-scan basically measures the distance between different boundaries from the
transducer with the transducer held in one position. A short burst of ultrasound is
made to enter the body using gel as coupling medium. At each boundary between the
two medium , a certain fraction of ultrasound gets reflected while a certain fraction
transmitted. The reflected pulse is picked up by the transducer which now behaves as
a receiver and it converts the pulse into a voltage pulse which is processed, amplified
and is observed on the screen of CRO. Since the transmission of ultrasound results in a
loss of intensity at each boundary where it strikes, the echoes obtained from the
region deep inside the body are of low intensities. To compensate for this effort, later
an echo is received, the greater is the scale through which it is amplified before it is
displayed on the CRO screen. Using the distance between the two wave pulses and
the speed of the ultrasound, in that particular medium, the thickness of that region
can be obtained. This technique is known as A-scan. Hence A-scan makes use of the
above effect to measure the thickness between various boundaries.

A B-scan is a combination of A-scan which is taken from a variety of different angles.
The individual pulses obtained are gathered, analysed and processed by a computer
which superimposes these multiple echoes on top of each other thereby gathering a
two dimensional image. Ultrasounds are useful because they can show us real time
image such as a heart-beating.

ler ultrasound is used to observe the circulation o through the blood

vessels.
Ultrasound do not pose a ious threat becausMey ﬁngmake use of any

ionising radiations. ce, the ultr nd scanning can be done quite often without
any side-e
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14

iy Catealale  the Cr.:w & gemme.
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— 10 Positron emission tomography (PET scanning) involves the detection of gamma-radiation in order
to identify the position of origin of positrons in the body.

(a) (i) Positrons are not naturally present in the body.

Explain how positrons come to be present in the body during PET scanning.

(ii) Explain how positrons cause the emission of gamma-radiation from the body during PET
scanning. — —

(b) Show that the wavelength of the gamma-radiation that is detected during PET scanning is
approximately 2.4 pm. Explain your reasoning.

- f =bm C.z

_ _?h(% .

- [Total: 9]
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11 Positron emission tomography (PET scanning) obtains diagnostic information from a person. The
information is used to form an image.

(a) PET scanning uses a tracer.

Explain what is meant by a tracer.

(b) PET scanning involves annihilation.

(i) Explain what is meant by annihilation.

(c) (i) Calculate the total energy released in one annihilation event in (b).

R R —— J [1]

(ii) Calculate the wavelength of each gamma photon released.

L —— m [2]
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" (d) Explain how the gamma photons are used to produce an image.

...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
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(a) Positron emission tomography (PET scanning) makes use of a tracer containing a radioactive
material that decays by positron emission.

(i) State what is meant by a tracer.

(ii) State the name of the particles that are emitted from the body and detected by the
detectors during PET scanning.

...................................................................................................................................................

(c) Positrons can be artificially created by a process in the laboratory that is the reverse of the
process in (b). This process creates both a positron and an electron moving at the same
speed in opposite directions.

Suggest why two of the particles in (a)(ii) are needed to create one positron.

...................................................................................................................................................
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