

























































































































Mledical Physics
1 Rays
2 Ultra sound

3 PETScannaming

Properties and Production of X Rays

1 X 1510m

ii locate fractures in bones

i Can ionize matter darken photografic films
you look

Anode Highfreq KRays
Hard D Rays

low freq 2Rays
Soft XRays

Alumaniumfilter

Metal filament heated thermionic emission occurs electrons

are produced these electrons will accelerate towards

the target anode there K.E will be absorbed by the
electrons of the target anode as a result these
é of the target anode will undergo excitation causing
them to Jump from lower energylevels into higher

energy levels




























































































































When these electrons undergo deexitation they
emit X Rays Electromagnetic Radiation

The Intensity of Krays produced is controlled by
the magnitude of tube current

Tube current increases more electrons will be emitted

More no of 2 Rays will be produced Hence Intensity
increase

The frequency also called hardness or penetration power
of a Rays are controlled by the potential difference
supplied b w cathode and anode

Increasing potential difference more Electrons willgain KE
and Based on TE hft hence if Energy increases
2Rays photons will be emitted with greater frequency

Since Emitted Electrons have range of K.E theNRay
photons produced also have a range of frequencies
The low frequency 2 Rays also called soft

Rays gets absorbed by the patient's body which
is why an Aluminium filter is used to stop these
soft Krays from Entering the patient's body




























































































































If the incoming election transfer all of its Energy
to the target anode than the 2Rays produced will

have the highest frequency and the shortest wavelength

This shortest wavelength is alsocalled cutoff wavelength

Attenuation of X Rays

It is defined as the loss in power or loss in
intensity of a radiation as it passes through living
matter

Io I

FleshHumanbody

Is Incident Intensity
I_ Transmitted Intensity

I Ioel

x thickness of medium m

k constant known as liniar Attenuation constant
m linear Absorption constant

linear Attenation coefficient




























































































































Ex

Io I

FleshHumanbody

x 0.14m

Me 0 23m

Calculate fraction transmitted through flesh

I Is e Flesh KRay Black

E e III film

e
3

HighExposuretherefore
it turns black

E 0.97 97 of incident
Intensity is able to

pass through flesh only
3 is absorbed

II when close to 1 majority

gets transmitted




























































































































Io I

Soft tissue

x 0.14m
M 3.5m

Calculate fraction transmitted through soft tissue

even

E
e
35 o.in

I 0 613 61.3 transmitted
39 is absorbed

Tissue film
medium

III exposure

grayimage




























































































































Io I

Bone
x 0.14m

le 28 m

een

2
e
28 014

0.02 2 very little amount transmitted

very high absorption

film
A good contrast can Bone

be established if a Ray verylittle

image involves bone vs flesh III exposure

white
Bone vs flesh

White Black

A well defined contrast
is archived

The contrast will be not be well defined b w bone
and tissue




























































































































Finally if
Ig close to 1

very little absorbtion

Color is black

If close to 0 very little transmission
coloris white

s Graph of Intensity against thickness x looks like
for different mediums ex flesh soft tissue and bone

In

T.im
maen

n

Concept of Half valueThickness HVT or X's

It is thickness of medium which causes intensity

of seray to reduce to half of its initial value

212 0.693 M linear absorption
a constant




























































































































Concept of Half life Tk
Time taken for activity to reduce to half of its
original value

The 0 693

Quality of an image produced by an x Ray
tube

It depends upon 2 factors

Sharpness Contrast
is defined as the Is defined as the ease

ease with which the with which one structure

edges of a can be differentiated from
structure can be the other a good contrast
determined A is one which has a range
sharp image is the of exposures i.e it shows
one in which edges area of little or no blackning
are well defined as well as area ofheavy

blackning
































































































































Factors that effect the sharpness of aRay Learn

Size of Target Anode

Anode Anode

it
sharpbeamwider beam

Beam of KRayhas a Beam of k Ray has

greater width it is a Lesser width it
less focused or less is more focused or

sharp more sharp

Conclusion Reducing size of the anode increases sharpnessof
the RRay beam

Size of the Aperture If Aperture is largedsized
beam will be less focused

lack sharpness
Anode

Aperture Smallsized
beam more focused Sharpness improves

metalplates

Patient
isknownas aperture

Conclusion Reducing the size of
theappartre improvesthe sharpess

of the beam




























































































































Factors which affect the contrast of the Krays

Exposure time
If you increase the exposure time within limit

Gray Black
white white RRay do not pass

Contrast will improve

Use of back light
Black Black
White Backlight more brighterthan before

passes through hence a good contrast

is established

Stomach patients
Barium drink Barium is very strong absorber Blocker of RRay

For creating an Artificial Contrast




























































































































Ultrasound

How is Ultrasound Produced

Device Ultra Sonic Transducer Diagram

Notneeded

Selinda

I O Oxygen

Silicon

QuartzCrystal 5 02 Piezo Electric Crystals

Silicon is in group I 0 Oxygen is group VI
Silicon cause electropositivity electronegativity









































































































Ultrasound O silicon

O oxygen

888 00 8 8 88
Unstressed

Compressmode stictined
mode

Q How will we insure that Ultrasound will Enterthehumanbody

Concept of Specific Acoustic Impedance Z

Ultrasound follows lawsof reflection and refraction similar to lightwaves
and soundwaves i e whenever Ultrasound arrives at a boundary

between two mediums a certain fraction of it is reflected

at the boundary whereas the other fraction gets transmitted
The intensity reflected depends upon 2 factors

1 Density of the medium
2 Speed of Ultrasound




























































































































Product of these two quantaties is denoted by 2 and
this quantity is denoted by symbol 2 and this quantity
is called specific acoustic impedance i e

2 C

The fraction reflected III known as intensity reflection

coefficient or x

is given by the expression

If 21 22 where 2 and 22 are the
21 22 values of specific Acoustic

Impedance of the two
mediums

I Er

IT















































































































Example
2 0 504 Calculate the fraction reflected

Transducer at the boundary

Skin

soft tissue Ee
2 22

2 fxc 2 1.3 10 21 22

II 1.3 106 0 0004

1.3 106 0.0004

II 0.999 99.9

Approximately 100

Note Whenever valuesof 2 have large difference

FE
1 100




























































































































In Your Exams they ask you what happens insidehuman
body

100
units

Transmitter Skin

E isyou soft tissue Hypounin
boundary

Bone 2 7.8 106

M 130m

i Calculate fraction transmitted through

4cm of soft tissue

E e
un

E e
4010.04

0.2 20 reaches point a

ii Calculate fraction reflected at the soft tissue bone boundary

II 7.8 106 16 109 0.44 44

7 8 106 1.6 10

Out of 20 transmitted 44 is reflected back




























































































































i Calculate the fraction which is recieved back at the
surface Transmitter

0.2 0.44 0.2 0.0176As

Question Reverse

Thickness of soft tissue x unknown Given that only
0.0176 of incident intensity is received back at
the surface use this information to calculate the

thickness of soft tissue

e ten e an 0.0116

e
40

xo.nu e 0.0176

he 80 Go

x 4cm




























































































































Alternate
way of asking

Question to obtain thickness of
a medium CRO

MaT R
a Timebise 5µs 2cm

n muscle
speed of ultrasound 2000ms

bone Calculate thickness of muscle

Time for pulse to goand
be back

10 5 50µs

d s xt

d 2000 50 156

A scan
d 0.1m 10am

0.1 2 Its echo so

Thickness 0.05m 5am
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CT scan

CT Computer Tomography

Principle of CT stan 5 mark

Computer Tomography makes use of ionising radiation conventional

Rays to obtain images a standard array is a flat

image i e it doesn't give any impression about the depths
hence weather an organ is near to the skin or deep

inside the body is not apperent one possible

solution is to use the beam for multiple scans from
a variety of different angles for this to happen a
rotating seray beam is used the bean and the
detector are both made to rotate in the same sense
and some speed It is rather difficult process
hence an Algorithms are there in computer to

convert these 20s in 3Ds
Slice Smallpart

The procedure of CT Scan 4 marks of humanbody
1 CT scan takes many images of slice of variety
of different angles

2 This builtup an image of a slice through the body
Series of images of various slices are made so

the superposition of these can allow a buildupof 3Dimage
4 This image can be rotated on a compute through

varity of different angles on a computer screen




























































































































Advantages

1 quick process
2 used for head injuries
3 used in treatment of Braintumors
4 Provides good contrast in abdominal regions




























































































































PET scanning

Positron emission tomography Its a verydifferent
technique

In this we actually give patient Trace very small halflife
a tracer
Traces substance containing radioactive nuclic which isabsorbedby

tissue being shielded

Traces 18 FDG Its like glucose that emits positron
et e gamma raysAntimatter math Annabilation

Brain is hungry for glucose or FDG
Cancer is also hungry for glucose or FDG

matter Antimatter energy

Annabilation It is a process in which a matter and
Antimatter interact there mass converts into energy




























































































































Upon Annabilations 2 gamma photons are released

travelling in opposite direction

Momentum is

conserved

Gamma photons from one Amahilation events reach at 180


























































Process of PET scanning 3 4 5 marks
1 A tracer is given to the patient that shouldbe a

B position emitter with short halflife hence it
reaches the tissue that we need to image

2 Btlet comes in contact with e B and annabilate

giving out gamma rays that travel in opposite direction

3 The patient is in the scanner and gamma reaches at 180
and time delay b w them is used to pinpoint the
location This happens millions of time togive the perfect image

Last Concept
Since electrons and positrons are used in annihilation

i Calculate total Energy for one annihilation

E Amc
E 2 9.11 153 3.0 108

1.64 1513

1 Calculate the wavelength of Each gamma photon

E Is
Rememberthis 1.64 583 6.63 10 3 3 18

2

2.43 15 m



iii Calculate the frequency of gamma

v f x






















































