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ABSTRACT 

Detection of air bubble using detector is important to reduce the presence of bubbles 

that may affect the entire body of human. For a hemodialysis machine, if it is 

operated without a blood pump then the blood circuit would be under positive 

pressure and allow air entry into the circuit. Multiorgan dysfunction can occur as a 

consequence of air entering into the blood circulation and giving rise to the 

appearance of micro emboli. Early sensors were photo-optical, but their sensitivities 

were limited and the ambient light subjected them to give false alarm. Nowadays, 

most detectors use ultrasound and its principle of operation is based on the 

measurements of attenuation, waveform and velocity. But, it could not detect size of 

air bubbles below 850f.J.m. To improve the sensitivity of the device, a simulation 

study using Multsim is conducted. Basically, this study is more about the principle of 

the air sensor and its mechanism. The study consists of theoretical background, 

simulation and its implementation. It starts with reading and also collecting the 

information from the journals, articles and books. The simulation is done then a 

prototype is constructed. In simulation, it is able to detect air bubbles with size less 

than 8501J.m, which is 680f.J.m. This report consists of five chapters. Chapter 1 

consists of background of study, problem statement and the objectives. Chapter 2 

consists of a literature review and overview of the project while methodology part is 

stated in Chapter 3. The results and discussions are in Chapter 4. The study is ended 

up with conclusion and recommendation in Chapter 5. 
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CHAPTERl 

INTRODUCTION 

1.1 Background of study 

Hemodialysis is the common method used to treat advanced and permanent 

kidney failure. It is also a machine that removes waste products and urine from the 

patient's body. Blood is circulated in a machine which contains a dialyzer (artificial 

kidney). It has three main functions which are to pump blood and watch flow for 

safety, clean waste from blood and also to watch blood pressure and the rate of fluid 

removal from the body. In blood monitor, it has the minor function of job to detect 

the air bubbles from entering in the blood. The hemodialysis machine performs the 

function of pumping the patient's blood and the dialysate through the dialyzer. The 

artificial kidney uses the principle of dialysis to purifY the blood of patients whose 

own kidneys have failed [1, 2, and 3]. The kidney removes waste material from the 

body, and when this is not achieved properly, the patients develop a kidney failure. 

Small molecules like urea are removed from the blood because they are free to 

diffuse between the blood and the bath fluid. The bath fluid contains essential salts 

added to it to prevent the dangerous loss of these ions from the blood. The blood and 

the bath fluid flow in the opposite directions across the dialysis membrane. An 

anticoagulant is added to the blood so it will not clot while passing through the 

machine. The anticoagulant is neutralized as the blood is returned to the patient. 

Artificial kidney is facing many problems such as a leaking blood inside the 

dialyzer, failure of detection of air bubbles that re-enters in the patient's body and 

also and the alarm cannot be triggered when certain size of air bubbles passes the 

security system. Leaking blood usually happens to new dialyzer. When this case is 

occurs, the machine stops and it will trigger the alarm. The best solution to solve this 

problem is by replacing it with the new dialyzer. Failure of detection of air bubbles 
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that re-enters the patient's body may produce emboli that may be life threatened [4, 

5]. Detection of air bubbles sets the alarm that will stop the dialysis while the 

technician has to solve the problem. Those occurred problems could be fatal. The 

effects of that may lead to the patient's difficulty to breathe. They can also 

experience heart attack. Also, those events can go to irreversible cellular image and 

may lead to massive brain ischemia and stroke. Nowadays, the hemodialysis devices 

are equipped with ultrasonic detectors of air larger than 850Jlm. It triggers the alarm 

with the extremely larger size of air bubbles. The smaller size however could not be 

detected. 

1.2 Problem Statement 

The hemodialysis machine is equipped with ultrasound detector which can 

only detect air bubbles with size more than 850 Jlm. However, the small sizes of air 

bubble which is less than 850 11m in the blood that re-enters the patient's body cannot 

be detected; passed the security system of the dialysis device without triggering the 

alarm and produced air emboli that may be life-threaten. The device is not sensitive 

enough to deal with micro bubbles. Therefore, an improvement detector for detecting 

a small size micro bubble which is less than 850 Jlill is required. 

1.3 Objectives and Scope of Study 

1. To study the behaviour of air bubbles in moving blood. 

2. To simulate using MultiSim software to determine the smallest size of air 

bubble that can be detected. 

3. To design ultrasound detector that can detect a size of air bubbles less than 

850Jlm. 

Basically, the whole project started with data gathering and theoretical studies. 

The circuit has to be designed in order to determine the smallest size of air bubbles. 

Mean while, the further research is continue to determine the relation of radius of air 

bubbles and the frequency. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Air Embolism 

Air embolism IS a medical condition caused by gas bubbles in the 

bloodstream. In medical context, it refers to any large moving mass or defects in the 

blood stream. Small amounts of air often get into the blood circulation accidentally 

during surgery and other medical procedures. Most of air bubbles in veins stop at the 

lungs and indications of such cases are very rare [ 6]. The symptoms of an air 

embolism will depend on where the blockage occurs. Usually, the air bubble comes 

from the leakage due to the improper connection between the tubes into the machine. 

Between the patient and the blood pump, the negative pressure may develop and air 

may be sucked into the circuit. In this segment, there are heparin infusion pump and 

infusion set. The line connection of it will have a large crack, thus it is one of the 

causes of the air bubbles appearance [7]. Besides, air in the solution of the dialysis 

fluid diffuses across the membrane into the blood and may form the air bubbles in 

venous air trap. The above description is on how the air bubbles appear in 

hemodialysis. For the term of the other medical part itself, it (air embolism) can 

occur whenever a blood vessel is open and a pressure gradient exists favoring entry 

of gas. Because the pressure in most arteries and veins is greater than atmospheric 

pressure, an air embolus does not always happen when a blood vessel is injured. In 

the veins above the heart, such as in the head and neck, the pressure is less than 

atmospheric and an injury may let air in. This is one reason why surgeons must be 

particularly careful when operating on the brain, and why the head of the bed is tilted 

down when inserting or removing a central venous catheter from the jugular or 

subclavian veins. 
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The immediate effects of the air bubbles depend on the speed, quantity and 

site of introduction of air into the circulation. There are studies at the animal shown 

that the rapid infusion of a large volume or air may be fatal [8]. The same goes to the 

human being. A large air embolism affecting the brain arteries will cause immediate 

loss of consciousness and often convulsions (fits). It can cause a stroke or attack. 

Also, the micro bubble obstructs blood flow in the capillary causing tissue ischemia. 

Death may occur if a large bubble of gas becomes lodged in the heart, stopping blood 

from flowing from the right ventricle to the lungs. Air enters the right atrium and 

ventricle where it forms foam and passes to the pulmonary artery, causing pulmonary 

blockade and hypertension. This basically explained the effect on the heart and 

lungs. The effects on systematic circulation basically come from air crosses to the 

left side of the hearts through the capillaries and arteriovenous communication of the 

lungs. Difference in temperature can also can be one of the causes for bubble 

generate in lines since warming initiates bubble formation. Apart from that, the 

compositions of air also affect the system of the body. Other symptoms of an air 

embolism include: 

• low blood pressure, 

• irregular heartbeat, 

• extreme fatigue or lack of strength, 

• visual disturbances, 

• disorientation, 

• cyanosis (a faint blue tone to the skin caused by a lack of oxygen in the 

blood), 

• apnoea (irregular breathing), and 

• hypoxia (a lack of oxygen flowing to the body). 

As far back, the early method that has been used to detect the air bubbles was 

photoelectric but their sensitivity was limited and the ambient light subjected them to 

false alarms [9]. It is also the most unreliable method which it is plagued by allowing 

detection threshold level between, clear saline and air and requires adjustments for 

fluids of different opacities [I 0]. 
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Today, the hemodialysis device is equipped with ultrasound detectors of air 

larger than 850Jlm. It is hard to detect the size of air bubbles larger than 850Jlm. The 

patient in final stage of renal failure undergoes many treatment and sessions of 

hemodialysis per week, ISO yearly. Each second, the patient is exposed to the micro 

air bubbles that might pose greater problems. What is most feared of this is when the 

patient does a hemodialysis at home which they do not have any technical knowledge 

or nursing to watch and take care of the device [II]. 

Ultrasound air detector is one of the safety devices to monitor whether there is 

any bubble going into the return line (Venous Line) to the patient. The mode of 

operation is by ultrasonic through transmission, and the detector is preferably 

employed to prevent air embolism. Transmission of sound from the transmitter, via 

the sensor head, to the receiver of the detector is dependent upon the existence of a 

fluid within the tubing [10]. Technically, besides ultrasound Transmitter-receiver, 

there is also a 1 Red sensor which only checks whether the flow inside the tubing is 

water (normal saline) or blood. The ultrasound has a protection system which is 

automatic cyclical checks during entire operating phase. The flow of its operation is 

sent to trigger the alarm when the size of the bubble is detected within the limit 

value. 

Ultrasound has two stages which are transmitter stage and the receiver stage. 

When air bubble is detected, the signal will transmit to the receiver and the alarm 

will trigger at the screen monitor of the hemodialysis machine. The flow of the 

system is as follow: 
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Figure 1 : Tube water air bubble system 

2.2 Ultrasound Wave Characteristic 

The ultrasound velocity is 380 meter per second (m/s). The echo is the 

reflection of the sound from the transmitter. The mean frequency for the ultrasound 

is 20 khertz (kHz). It also involves refraction and interference characteristics. The 

sound direction of motion is in longitudinal or transverse modes. 

The frequency, f, in Hertz can be defined as the number of oscillation per second and 

it is illustrated using a simple continues wave shown in Figure 2 [12). 

Figure 2: A simple continues wave 
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The relationship between the wavelength, 'A, velocity, v and frequency, f, of a signal 

is shown in equation 1 

(1) 

2.3 Operation of Ultrasonnd Sensor 

An ultrasound sensor generates ultrasounds waves from another form of 

energy is a transmitter whereas a receiver converts ultrasound into another form of 

energy. Compressional ultrasound can be produced and detected using many 

techniques. Some of the detectors' technique can be very simple and some of them 

are quite complex. Therefore, depending on these techniques; it could be used for 

various types of applications especially for level and flow measurement. The 

techniques are monostatic and bistatic mode. These two techniques will be discussed 

later in the next section. 

2.3.1 The Transmitter and Receiver 

The term of monostatic and bistatic are sometimes used in relation to 

transducers. If the transducer is being used only as a transmitter or only receiver it is 

known as monostatic. The term bistatic is used for a transducer that is used for both 

actions which are transmitter and receiver. However, monostatic transducer is used in 

order to meet the requirement of this project. Figure below shows a monostatic 

transducer and bistatic transducer. 

Other ultrasonic sensor has separate transducers. This might be very costly 

cost but it has several advantages; for example it becomes easier to test and 

characterize the transducer before installation and for maintenance purpose or 

replacement during the services. However, it depends on the application that is 

requested by the users. Commonly, the monostatic mode is used in order to measure 
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the flow in a pipeline. This is due to the fact that the flow is measured by measuring 

the voltage difference from the transmitter 

2.3.2 The Basic Features of the Beam Light 

The beam profile generated by an ultrasonic transducer is determined by 

interference (diffraction) phenomena between the Huygens' wavelets. The generation 

of a beam of compressional ultrasound by a circular plane pistons radiator excited by 

signal constant amplitude. This situation is particularly relevant to many 

piezoelectric transducers and also good for many others [13]. The basic features of 

the beam profile are illustrated in Figure 3. 

-. 
-//-/' /. . . . 

Figure 3: Interference effects 

(a) The basic feature of the beam profile 

(b) Interference effect in the near field 
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The simple model shows that near the field changes into far filed at the distance N 

from the transducers face given by 

D' -II? D'f 
N=---

4..1 4v 
(2) 

where; N is distance of field from the face, D is diameter (meter) of the face, f is 

frequency (Hz), Vis velocity (m/s) and 'A is the wavelength (meter) [12] . 

2.3.3 Ultrasound Sensor's Insertion Loss 

The insertion loss is a relative measure of a transducer's energy conversiOn 

efficiency. The insertion loss [13] is the decrease in dB, of the amplitude of the 

received signal compared with amplitude of the input signal and it is given by 

· I E b Insertwn Loss= 20 og-' D 
E, 

where; E, is the input voltage of the transducer and E, the voltage of the received 

pulse. 
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CHAPTER3 

METHODOLOGY 

3.1 Procedure Identification 

The research for this project basically depends on the electrical circuit, which 

will detect the air bubbles enter to the patient's body. A simulation will be done 

using the Multism software to determine the smallest size of air bubbles. The current 

sensor will be improved to ensure the size of air bubbles detected is beyond than the 

current size which is more than 850!ffil. The prototype of the device will be done 

after all the simulation is succeeded. 

The flow of the project as below:-

Research and review on air bubble detector in 
the hemodialysis machine 

~ 
Calculate the radius of air bubbles and 

determine the suitable frequency for the device 

_+ 
Design and simulate the circuit in Multism 

_+ 
Implement in the real system 
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3.2 Research and review on air bubble detector 

Ultrasound in blood operation has transducers which emits a burst of 

ultrasound, propagates in the medium and hits the reflector in the far field region of 

the transducers. Then, part of energy is scattered by the blood cells, propagates 

through tissue and is received by the transducers. Air bubbles oscillate in extreme 

manner and its resonance frequency is inversely proportional to its radius. Basically, 

the mechanism of ultrasound is based on waves. In waves, there are two components 

that play important rules which are velocity and the frequency. 

However, the frequency in the same level of medium is the same. In 

ultrasonic detector, supposedly the flow of the blood is smooth and velocity is 

constant without presences of air bubbles. However, when the air bubbles is 

presence, the different medium between the air and the blood can occur the different 

velocity. This difference actually triggers the alarm of the machine. The blood is the 

reference of the medium. 

It is well established that the natural frequency of oscillation affects the way 

in which bubbles absorb energy from the ultrasonic field. When a bubble is sonicated 

at its resonance frequency it intercepts and reradiates more acoustic energy than one 

would expect from its cross sectional area [14]. The resonance frequency of bubbles 

is strongly affected by the surrounding boundaries. The natural frequency is lower 

than the corresponding frequency in unbounded liquids and that it decreases as the 

bubbles gets closer to the centre of the blood vessel. Furthermore, the width of the 

energy resonance is dependent on the bubble size and the smallest bubbles have the 

sharpest resonance [ 14]. 
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The natural frequency of oscillation in an infinite volume of liquid is given by the 

Minnaert' s formula [ 15]. 

f I I ( 2o-) ~- -- 3yp --
0 2K P a~ 0 a 0 

where, 

p =liquid density dextrin (1.06x!OOO kg/m3
) 

no= bubble ambient radius (radius of air bubble that need to find) 

Po= ambient pressure (O.lx!08 MPa) 

y =effective polytropic exponent (assumed to be I) 

cr =surface tension of the gas liquid interface (0.056 kg/s2
) 
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3.3 Design and simulation 

The block diagram of the circuit as below: 

Tubing 

Transmit Receiver 
circuit Amplifier 

Output Threshold Envelope 
indicator X device Detector 

Figure 4: Block diagram 

Figure 4 shows a block diagram of the device including transmitter, a sensor 

head, a receiver amplifier, an envelope detector, a threshold detector and an output 

indicator. The transmitter may include a sinusoidal oscillator that drives a transmitter 

transducer which forms a part of the sensor head in the disclosed embodiment. The 

sensor head is represented by sound absorbent cubes. Receiver transducer is disposed 

for receiving the sound wave generated from the transmitting transducer. The 

receiver transducer is excited by the local vibrations, and generates a sinusoidal 

electrical signal, which is amplified by amplifier, passed to envelope detector and 

from there to a threshold detector or comparator circuit for detecting a reduction in 

the sensed signal. When this occurs the output indicator is activated causing a visual 

or audible alarm and preferably an interruption of the feeding of fluid in the tube. 

To get the desired frequency which is high, the wavelength is small, requiring 

small transducers, small transmitter amplifier power, and a short path length for the 

orifice. The actual device described used 2 inches thick, 2 inches diameter 

transducers as transmitter and receiver, a stable frequency oscillator and a power 

amplifier to drive the transmit transducer, and at the receiver a low frequency tuned 
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amplifier, detector, and post amplifier. The dimension of tube is typically around 

5mm. 

3.3.1 Transmitter Circuit 

~----------------1 V1 

-::::-sv 

,Jj 

8 U1 

j i LM555CH 

Key~~ 

'-------------L------.,;';. iOk_LiN 

' 56Wmr,_5% 

l-----'~=1~:--- ···--·--- t' --··--··-···---·-···--··-' 
f\1 Cl 

C2 

.Ouf 

\, .,., ... 

Figure 5: Transmitter circuit 

I I 
XSC1 

The transmitter circuit contains a 555 timer integrated circuit (IC) that can 

generate 50 kHz square - wave signal. This signal is used to latch the transistor 

which receives +9V supply to drive the ultrasonic transducer that is able to work on 

50 kHz frequency. The signal is then amplified using a 2N3 904 transistor. The 

amplified signal will be transmitted into the container through the ultrasonic 

transducer. 
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The frequency is calculated based on the equation for ultrasound below: 

where c = 3.00 x 108 

"= 850 J.lffi 

Thus,j= 3.529 x 1011Hz 

(5) 

In this circuit, the adjusted resistor is used so that the frequency can varied at certain 

level. The !OK ohm resistor is chosen to adjust the range of that particular frequency. 
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3.3.2 Receiver Detector Circuit 

V1 

_j_ j_ 
i 
I 
I 

-± 

V3 

~------1\1 ~---1 
j_ 9V i 

R7 

~-~~\l\i'v- --· . 
20k0hm_5Si, -= ( 

I 

RB I 
----\,'\1\r --4 iT . ·1 . .; U2 , ' , j' , ' I" 

_j_
i 1Uk0mn t''0 i -~ I"'"·- i i L-----'1 + ·-<._, i 

I "'-~...,..._£ __ . 

~- // 
1- </1./ 

~I ; · ' 

1 N4148 C4 1,,· ~,,·'' I! Vl4 t-74'1 
!DQ~F 

:!;: I R5 L-1 I l 
! ~.> 9V I ' ' l 

i 01 

~1N4·148 

1
[

1 

I : 
!l.OM0hm_5% i 

I ' I 
I . 
1 _____ _j 
lJ. 

I 

Figure 6: Receiver detector circuit 

In receiver circuit, it has two stage amplifiers, a rectifier stage an operational 

amplifier in inverting mode. It receives the signal from the receiver. This signal will 

be re-amplified using an LM741 Op-Amp. Besides that, this part also acts a filter to 

make sure that only a 50 kHz signal wave is received. The amplified signal is 

converted to DC voltage by a half wave rectifier circuit The DC signal is amplified 

by using LM741 Op-Amp. The non inverting pin in amplifier is connected at the DC 

voltage via preset adjusted resistor can determines the threshold value of ultrasonic 

recetver. 
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3.4 Implement in real system 

3.4.1 The Transmitter Circuit Construction 

After the circuit is constructed at Multism Software, it needs to test to ensure 

it is working as required. The comparison is between the simulation waveform 

using Multism and the waveform obtained from the oscilloscope. 

3.4.2 The Receiver Circuit Construction 

A receiver circuit is very important part of the whole project. This is because, 

since it is exposed to the environment, it needs to identify the signal that it will 

receive. The circuit is constructed part by part. The results obtained from the 

simulation are compared with the waveform obtained from the oscilloscope. The 

first part of the circuit is a filter [ 16]. The filter is needed in order to identifY the 

frequency that it should receive in this work is 50kHz signal. The frequency of 

the filter is determined by the equation 3 .3 

(6) 
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The circuit configuration for the filter is shown in Figure 7. 

·- .. _:_ "'"' 

II 

+ 

-·-

Figure 7: A filter of the receiver circuit 

The next part is the rectifier circuit. The rectification is required to convert an AC 

voltage to DC voltage. Therefore for this small scale model, a simple wave 

rectifier is used. The circuit is shown in Figure 8. 

18 



·lllo'! .• 
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Figure 8: A half wave rectifier circuit with a capacitance effect 

Then, the signal from Figure 8 will enter third part of the circuit which is an 

amplifier. The amplification is carried out using LM741 Op-Amp. The circuit 

configuration is to non inverting input This is because; the signal just needs to be 

amplified and not to be inverted. The circuit configuration for this amplifier is as 

shown in figure 9. 

Figure 9: The amplifier configuration circuit 
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CHAPTER4 

RESULTS AND DISCUSSION 

4.1 Results 

From the Minnaert's equation (4), rearrange the equation to get Uo. The value of 

frequency is set to different values. The values of frequencies are as follow: 500 kHz, 

1000 kHz, 1500 kHz, 2000 kHz, 2500 kHz and 3000 kHz. The liquid use is 

supposedly blood; however, it has been replaced with another liquid, dextrin which 

has the same density with the blood. 

(7) 

Refer the value for each constant at equation ( 4). 

Table 1 The radius of bubble with different frequency 

/o(kHz) 500 1000 1500 2000 2500 3000 

Uo(~m) 53.5479 26.7730 17.8407 13.3856 10.7081 8.9231 
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Radius vs Frequency 

60 
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Figure 10: Graph of radius vs. frequency 

The graph shows that when the higher frequency is being used, the smaller radius of 

air bubble can be detected. The reading of radius is decreased by increasing the 

frequency. This results are obtained after manipulate the equation from the equation 

(4). 
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4.1.1 Result of simulation 

T1 Q[.Oms T2 T:-T1 Rev me 
VAt o.ov VA2 ~-VA1 Ground \ill 0.0 v \.il2 V32-\.il1 San 

Tmebue Ch.-.nel A Channel 9 Tngger 
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X position O.D Y position 0.0 Y lOSition 0.0 level 0 v 
YIT Aid 9/~ A/9 A[; 0 oc J!C 0 DC Stng. Nor. /U) 

Figure 11 : Output from transmitter circuit 

Figure 11 shows the output from the transmitter circuit. The waveform is square 

waveform because the timer 555 has been used for this circuit. The signal is used to 

transmit the data before the ultrasound can detect the attendance of air bubbles. 
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Figure 12: Output from filter 

Figure 12 shows the output from the filter which is needed to identify the frequency 

that should receive the same from the signal. From the simulation, the output shows 

that the input frequency is maintained and the sinusoidal waveform is act as the 

stable frequency received. 
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Figure 13 : Output from completed receiver circuit 

This waveform shows the output from the receiver circuit. The straight line indicates 

the signal without the attendance of air bubbles. 
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Figure 14: The complete circuit 
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Figure 15: Output obtained from transmitter on the oscilloscope 

The output shows the straight line signal from the transmitter monitored at the 

oscilloscope. Supposed, the signal is expected to be the square waveform. However 

the signal appeared in straight line form due to certain circumstances which is the 
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connection wire in the circuit is not proper. The circuit construction is not in a good 

condition. 

4.2 Discussions 

From the calculation, different values of frequencies have been used. Frequency 

versus radius graph is shown in Figure 10. It claims that when the higher frequency 

is used the smallest size of radius of air bubble is detected. 

Simulation result shows that the 555 timer circuit is able to generate 50 kHz square

wave signal accurately. However, there is potentiometer to control the frequency of 

the signal that depends on the type of sensor and materials that are dealing with. In 

receiver circuit, the output DC voltage from the amplifier is proportional to the input 

voltage. 

By simulation, the circuit is working but it could not be proven during the 

experiment and construction of the circuit. Unfortunately, during the experiment, the 

output voltage could not be detected. 

It may due to several problems. One of them is could be the type of sensor that has 

being used. The reason of that is because there are many sensors in typically market. 

Each sensor has it owns specification; the different range of frequency. The chosen 

one might be not suitable to reach objectives of this project. 

Besides, another reason of this project was unsuccessful is because of the constraints 

of each of the component itself. During the experiment, there is a noise everywhere 

from the output ofthe circuit. Other problem is the signal lost during the connection. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

The theoretical, survey and research of the artificial kidney also the 

hemodialysis device are collected. The Multism software is selected for simulation 

and it has being used in designing the size of the micro bubbles. The study of 

behaviour of air bubbles in moving blood is done. Simulation using Multism 

software to determine the smallest size of air bubble is done which it detected radius 

up to 680~. 

The preliminary goal of this project is to design the device that could detect 

the small air bubbles. Only the simulation part of the transmitter and receiver are 

achieved. The construction of the ultrasound detector is done however the circuit is 

not working due to the several of circumstances occurred. The output of the circuit 

could not be determined. 

However, from the calculation of radius of bubble, the results can be 

concluded that the higher frequency that is being used, the smaller size of radius of 

bubble can be determined. It shows when the frequency is set to several different 

values. 



5.2 Recommendation 

As a recommendation, the transmitter circuit that is used is commonly used to 

generate a signal by using a 555 timer. However, this project still needs a lot of 

improvement from other skill innovators for better features. The connection of the 

component is constructed on the breadboard. Instead using the breadboard, it can 

also use the PCB board that will give more accurately and better results of the output 

circuit. One method to overcome the signal lost during the connection, it should be 

centralized and is taken from one point. The device cannot use a different power 

supply. So, it makes the electrical system becomes simpler. 

Supposed, after all the results are obtained, the next step that should be 

considered of is the diameter of the tube. This is because the diameter of the tube is 

highly infected the detection of air bubbles for this application. As the smaller 

diameter, it could reduce the attendance of air bubbles. Thus, it depends of the next 

inventor to continue this project and improve it for the better features in future. 

28 



REFERENCES 

[1] R.S Khandpur. Biomedical Instrumentation Technology and Applications 

2005 by the Mcgrew Hill Companies. Inc 

[2] Reilnaldo J. Perez Design of Medical Electronic Devices.2002 by Academic 

[3) !Jtt.p:!/users.rcn.com/jkimball.n)lLUltanet/BiologyPages/K/Kidncy htrnl 

[ 4] Organ Donation. The kidney Foundation-Treating Kidney Failure. N o2213 7 

[5] Per Jonsson, Iars Karlsson, Ulf Forsberg, margarita Gref, Christofer 

stegmayr, and Bernd stegmayr. Air Bubble Pass the Security System of 

Dialysis Device without Alarming, Artificial Organs, Blackwell publishing, 

Inc. 2007; 31(2):132-139 

[ 6] bHiriL;;n)yi~.iRtGi<l. Org/wiki/ Air_ embolism 

[7] www.bbraun.co.uk 

[8] M. K. Ward, M. Shadforth, A. V. L. Hill, and D. N. S. Kerr. Abstract 

[9] Basic Considerations of Ultrasonic Air Bubble Detectors for Blood 

Extracorporeal Circulation, Luiz Eduardo G. da Costa and Joa C. machado, 

Member lliEE. Biomedical Engineering Program-COPPE/Federal University 

of Rio de Janiero (1974) 

[10) Ultrasonic Bubble Detector, Jerry Namery, 21 Larksuway, Natick, 

Mass.01670 

[11] Bowles CB, daffern CD919970. The Independent calibration of the acoustic 

Doppler velocimeter In: XXVII. INt Congress 

[12) R.C, Asher, Ultrasonic Sensors for Chemical and Process Plant, Institute of 

physics publishing Bristol and Philadephia, 1997, PP 14-18, 65-69 

[13) D.C Giancoli, Physicsc-Fifth edition, Prentice Hall,1998,PP, 362-370 

[14) J. David and N. Cheeke, Fundamentals and Application ofUltrasonic Waves, 

CRC Press, 2002 

[15) Resonance Frequency of Micro bubbles in small vessels. E Sassaroli and K. 

hynyen. Focused Ultraosund Laboratory, Brghman & Women's Hospital, 

Harvard Medical School 

[16] M.Minnaert,"On Musical rur bubbles and sound of running water,"Phil, 

Mag.Vol16,pp 235-248.1933 

29 



APPENDICES 

30 



APPENDIX A 

AS! 
Data Slteet 

A ran~'" 0i \'I,'C- II.:J!tld1l:-:i-rs q:><,r:tlin] J.l ~·:Ol:H: 
.lppr-J;:im.:,~.;~; M1 d/,'Si-Jlltd k-r . uln·.:.S,.ni-~ 
lr~!:!f"lil :dl•fr.;,..'t•ptk~l. 'Tttl' Yolll':~oN-:- !I:Ulth'li!Lt-1', 
JtJ>3EI is •::if.:tl:.k> ·:-I .;mJJin>1.l·~ti:IB !UdE "". :3 • 
ll}'flh-ifl J.lldlbti:' (-.,.:~'.'5-f :J:<i'-;>01 h4:! a ~~~'!lt';"·)f 
~>';C.:!EiO:clE-::o v,to.)J'rc:.n .... r.;.), 
Clor:~<:t,•t'bU<:s 

f:.JO";:r·'~ 

""'"""'~··: 

~"?{,ml ; "<i=>':-' 
.tr,~mtJ•'-"'1• 

'""""""~h~-:,: 
''"':'"''"'l'' 

!m',..,.;,. ...... 

{:~!(.).'><'>. .... 

~"'"' ,.,:.!.<!,.-.,;;. 

t'til 

'fr. "'' 
).;., 

dil .. l 

T~.r.· »1.."'1 

:ro...>S! :{.f:.'}";; 

"' 
-{.~. 

l•:!tL 

..y>p;.;<.i."?F'"W-
z.:-:- :.:>: 

U•X"'"S· 

Ultrasonic transducers 

1l'h?·r. lmils .:;m t"'" ~d tot· lb":" tr';wm,ireim c-! 
.:<:-T,til",lKt'::' 0'?~/<:. ultr/IS':Jl'~ $jiJKl a f·:'l pul!r~d ~·)U!'il. 
-vp&;:;~nu 

---~---

Apr:-lic;Ht.-,ns 
Burir.:rJ.I.."Jlm~ 
fr..:~lrnhr 2'.~<:~ 
l.k,1>l"-.:~·-";>;ID-;tll;<\1) 

_;n~-:<;jJlSif,llJ-jWtr.';?S 

-:.;.ur:;,~·: i-::; HlwiOJ.:b.f--:;ts 
T:;""';;,c•:>:-lllr<::l~.;.lll1. 

r
-- ,. , ... ,.,. .. ··~·T'~'"";. 
j '('\ • 

I \- ,-! 
. . A . '· , ! 

! . / ''c.--c-, 
·~· / I ;-.. -". 

--~--------------· 

l h• .. !IJ·~P •• r· ~f".m>•·\i•.'<·,_.,•.~nJ?.I 
I '·f2=:2:::~.:;=::.~"'c:.: 

l __ ~~:l.c'---r·_-_---~ .. -.: ... _T~-·~_1--' 



APPENDIXB 

LMSS5 
Timer 
G~neral [}~scription 
Th;o.lMff6 c.~ hisrhl;o· =•..,tt""' -d~ ... ics:t tic:r· g~nal.ing xcur!ll•~ 
tim~· d.;t::~,_·:- cc- ~:dlalion. Ad:i~«d 1-itmi-.!lll: .• :u~ pr>C" .. md 
kr tri9;1t:ring Cf" ~t:IJinq il M:irad. In th~ tim;. dc:b!-' m:.d;. :,~-1 
opll:)li::.n. lh;. lim,;- i<:ii ~.aci~c:l!-· c-:J<nlr-:41c:d b':.· -:J<n~ .;.ootwrn"l 
r.;.:i!!ibr .:n-.-:t :o::.p:ld:cr. Fer !ll':il.!:llba.. -:>~r-!llbn :l$ -::.r. c..<:>:ilbl;:-r, 
lhoi- lr;.;. nu;nino;~ ·lr.;ogu"~rno::.• .:~nd -:U::-· c~·~~ an;. 11-r...::ural:.~'f 
c;:~onlr;:.h:.d wih ·t.Y..:• .;o..IJiilfr.t~l r;.:i~br:- .Jrd :J<r.~ co:~y.:a-;:il~. Tlho 
ci':ul f'T1!ll"' b..;: trig:g;.r.od -!lind f4~illl e-n l!llflng W!'l..,.;.brrn:, .:.nd 
lh~ c.t:~::pul ci':ul ~an :-cu>CQ i:'Jor !>in•: up tc 2C<'I"'''t.A. Cf' ,::hi .. ·-. 
TTL -:iN:uil:. 

. ,.,, 

i ·. :.' •. ·:;·· 
• 

Features 
• E;r.at:t. rwpi.J·:4mv.l f.!=" ~:£:e:t:.5:Utf.t-e. 
• Tirr..iliSI (rem mi:rc~conds lfvou'{ft hCU"!ii 
• Op~r:ll:.;.: in both .3 :tltlc. ~nd m.;:r.O!;<IaHc:- roo-d....:; 
• Adjm:t-:llbb by -::,.d;. 
• Output-: :n ~our-:"" o:r ~:.=n•: 2C<· mA 

• Clulpu~ ::.nd =\..PP~.t TTL o::>mf!-.:JI:it:i;, 
• T~m&:o;ulur;. ~lat:fil..& NH~~rf than {;.C(<E~~·~ p-~ ··.: 
• H.:f'malt.t on ::.nd n-:~~nrdlf dl' -~ulp..l: 
• A. .. ·~lilt:ia in- .g..,:in MDOP J:..1d!ii94' 

Applications 
• P"":i:icr. tim~; 
• Put:.~ 9~ati01 
• C-..;.q~i.tf tmir.g 
• Tirn.; .:bb~· .g:c,....,.;ltion 
• Pul;.;. width mcd.Ja•.kn 
• Pul:¥ p:-:oilbn rr.e::lul:.ticn 
• Lir~tJ:r :r::.mp EJ;.n.;f::d:>r 



connj)>ctl<m Diagram 
[lu.>Uo.t.n•~ Smdl 011111>0 

"'d Mol<1od Nbl ~""" •:vtlboJ><i<·~.., 

•. - :~ 

. ' 

Ordering In-formation 

""'"'•• Pori tlunb<r l»<kO<IO M>ri<IO!l ,.....1.1 Tra,.,ll<l<l tiSC t.'NAIO!l 
il-fm :.C-!C L!Vi!S!i::M ~ie--:'l-1 Fiill M:"" Li.fi!I;':W: l~SC-':!J ~ .. ;:l_ l..,lr\'5 !-:!:pi· ;A:\ p;.Qf 

ti-~~~ MS·:-F \.MEJS.E~ I>E ;·"- ~ .. ~lt r~,, ::1~ ;:i.Q;.! 
(Yll.!Ji.(i'SA 

lM!!;!CM\{l( 2SE 3,'i~ L'lll,!;. Tl~ii- M:l fi.:.it 
t;.R>!Mt-'1~ !.l.ei>Ctl ~W::f.l Fl~~ ,.,~)§_ 



Applications Information 
WOtK\&TAilLE OPERA liOtl 
ir.. \'I'¥:; m:.a.- (I'!' ~-«lll:-n. lhii- tr,~ ~Jr(li:m. -l:!- i:ll 9'filk·iF"1 
fi:·!."":r~ i'!: Th-~_-;~·'mll {-Jti-l:~:.r il ir~il!'! ~;! QUt(Ji9il:l 
t·:i -3_ r:ar~!!l:~ .m!':i>l" m; l!lrur. l:~:l"o lWt'·:l!Kor~ Coi ~ "";i'.i· 
11w 'it;~ ~at~;;,.:·! I~~:; thln ~;·,;·..,' .. .c:~ ~= pmJ,itiQ!~!~- ..:;. 
!i'nmt~:h tw'.ltl r;.l_~~s-~tw, ~'~'MT:.[.c.u ~ 3::~~:; t:t,il n~-l:£:~ 
or-:l QiVQ:; t!._ oo1;:..:n t191. 

,.,., 

FIGUFE 1. Honcx;l:lbl> 

111$ Wiill;fil 3:,;:-.l~ n1~ :Qtiio>ti»:: lt,;.r; i"!:r~:;~ i:<:t:~•i\''t. 

:i~fjtr :r.~Mi::od IOi, t::- 1.1 ~ ... c ;JJ:It;;;,...,~.(d !'Inti'! !ln.-'"'
•.t:HJ~ ':q.l>Ji:f J.-'!1 'i,~:~· Th" o~:-:n~llO/JI)I' t;,'.,n .l~iil:; m' 
~~~-tt:p. ~~::n irll'IJ'I':'i a=:t1:Jl~ ,.~~; ( .. :t;-::L:;;:!l' Lin:!3"&R m,. 
:·IJt\1.#: '= ~l:l ~ Ji~ . .Q. ,:.~~·.1!'--2 -1~~- ~N1 ol/l\~[~;; ~;;r">o 
;r.:J~id i;;, n::. ,.,.:~"' -:r l)f"'~"'~- ~='· i\,;· .:n~s• -:r.G." me 
lnt'-'m:t:l. 1$'/:4 :t ·m; :-:n'CiJi"l»'t :n'" :'ii~ ct-~:ty ~~:o:-!. 
J-:·nal !~ l.l.:~J' V::i.l:Jf!i!, 1.T!~ mln;Jl!!Ji!:I"'J;)i !·; lr<I'P;;.~,,n~ 0:, 
!~%'+if-

x.:,.Ll ... ,...e_q 
:1• . ;1 (.~ •· .. 1 : ___ --~~""-~, ___ L-i_L . ..___,;_,_,: ____ _; 

i'y~· ';i.' "'-= "-"il! .. - , .• ~<;!i'J:~-:...-

-·v; .. -:-" -..': '>' •J~"~:.;o."'·-a!"· .::,.~~~: ;,;,•."::-.. 
:. -• :: I_W :k"$i-::~ '""&" ;:c:w~''!:''';:::'-a;;~ ·:·;,::~ .. -. -: ~:--.;.: 

i:i.!TISJ ;t~:o !irnin9 ~·:~ ..,.t;;.:; fl;,. 6i.!!.f·l.li \;:: !1:9'!-, t;" 3'1.14" 
lzfit~:aio);! :r >:~ ri'99"" ~-e-t~ rwe l"le»1 •~l;.(i t,;,~:r.-:~!:·:;:,!on~ 
M t1!; !1~;~- n1'tlll!- 'l,~i.m~ n1;r; ;::1 1~1 v.vJo ll'f:r~ m' 
'~j 91 !U- lmrr~ ~:"ll~V~t ~W~~- tf',.;. 0:-1r:\:~ ~Iii t:-C- !"6Q1 

!C).i;((!~ ttf)~·liJ11i' l:f' ~~; ~~lt:;ai:jj •>.~ ~ n•c;J~Yil :=U!:!i ~:!h-i! 
rii~W. 1~~;z: .~11'! -4-.~ 1l'!" (oU!tiJ! J.Afi r."~ r~l3:rf rn ttiQI !:~ 
.:z.li:i;Q IJ'~'fiii o:: nt;gilr ;\:til r:- ;;.-~r, ~~~:!. 

·.~'tl~, ~.Q i~ t:i.;n:i:·f' !:> n:1 i";~ U!-·ii. ;._ \~ r~«~Tn«"!:»C t!'•ll 
ll :9; (>)!'1;.;-:i.i>d :: ·..,·-~-.:• 1: ;:'{(It~ lJJj' ?>2i;i)ll'l'lj' -o:l bf!il 
!n;~iil'<-~ 

t:~;;:~ .. ~ ~:; .:! r.:0rtll~~r~ fo)!' .;.l!ii:.y ~~:-,l~->1 ·:i r:~.--:: 
'1-Jtt;C f:~ v::i'~!: 'mil ~:Jif~·:;. 
t-li~lE: ~ m:-i<:-!1it~.Q-:p~3i:;-,. i"!" r~ggc.r ~J'\•)i.ii:it.Q,:_~wn 
iiot;fl :-.;;J:-::·,, tt,; ~::i 11)1 mrr; =l'{i;;, 

FIGURE~. Tln>o Dol.:ij" 

ItO-TULE OPEF<~;TIOH 

11 ~'"'•· :tt>Jt:l_~-::<if1«1&J:lJ!" !l"(ow;o_~ n i::S:F.i''"i' lf'Ji!.i<~ ~'d; 
co.mrc,-4C'! !1 il\h) l.;J.:>"H1 !t::ii-J ~,j V;.;. nm -l! ::i ~L~liY«.,:.r. 

TN! i!Xt'-!TIJ!! i:~~w:{:.-:~Y:IQ::Z r;,;·:~•;t! F.J.-. ~~~ i'SI:!_·:i:i· 
""Oil-;;.!. tt,r.:v_;t;J ~r;_. T:\l.ii~ ~(\':;.: 1lift' ty.::~i- !i'!';-ly tt,;' p~Kl~'~ 
:.;: il:\' '::-"' fl1il> :.! !:l":.ot ~o- r;a.m-:;;. 

l 
I 
I ,. 
I , 

~. l 
==- ~ 

"+,-~, 

--r·· 
I 

T·:1 

ir. it~:;. m:~;; -:-r -:;t;.;z.-«J:n !!1"' ( J;o::-:ti::r o:Ftlr.g~:: l<"i:' .;,::;. 
.;:har,;·.;-!- D'x.til'l'! "';;3 ~~·~---- r.vn::J -~-,';!_·.,·-"_ •• ~ r·~ lu ~n~;~ 
li<':lii. ,_nil JJ-.t;'' O'll::. a:·~=t·l~i! ~< lr;:; -n;-r;lir" ,~"' 
~il;i.j~J-~()' JI&- i'!o:i:il;~<diirt. o:<! if',;i St.'ft\V Y:iiJ=". 



Appll<:auons lnrormatlon o:;"'''""<l 
_c:F-'"oi' ! ~r!(s.o& t!" '>l'i~Wr~"n!- ~'·~:n;;:J in n: :"1:"' :1 
:?i!:JI\(1';';. 

'•' ~;. ~·.· 
-::\1; .:: .• ·~~o-:''•' ;,;;";:-·:··I.';• :';ca:··.::··,·-~"'~ ·1,:.~ 

= ... ~:...u 
-=·· ~·JJ 
-- .. -"~··· 

"!'h'- Ch:i1'9,; ~fi:."•il j:...l¥1.~ ~<>-:f'•l !:: 9""'" t-y: 
1·: CO.? •,1=1., ... Ft,:;: 

Mot: tl' .J~.(:'<:J;g.illl11:" -::ll~l !(l.r;! ~)': 
l.: = -:-.:.~ !F,,l ;; 

'ii'H.l!: ,~!i! ;:1.~ (:!#!:.: ;':;; 

T : 1 ..... l: : {·.~>.S:· ,!'!..;. +::!l="~~~ C 

'Th" l;GP:;.,!1if'!.t]' olo!;:~Q;~:r! ;_!';: 

:.! 

.o:::_J;;., .. .,. !TN-r :11 .t.•l..C 11>1 ~tk :iil~miriO:I~, o~ r";.J.Ol .'~=.=: 
v:ihl'-l. 
Tl"!' o)J!~·-:y.:J; ~;.-: 

~ .. 

' 

Tr~ (T-(IOO~IJ!:l.; -:~..;.,;~ :f t:l:?' .. /1 ! -:;;T' to;; Lt:.i!-:1 ;:;;, ;:. f:'"
OJ,f!:y ()IYIY ~ f.l~!ll!>; lto;, 1{..."1~'1'~ :; Jlii· ln'lfl;r :y:ii!. 
l:!i~:r--· 'T !it~! j!' .... :::'l~:+rr-J. ·::M'i((:J!;C (! "";;:i'/IC.;. t\'lf,(~ 
cib..:;. • 

-~--

., 
'•':· ..• ru 
~a:;;.,;:,;,L·:-"1'- .<J::: .. ··.: .. _~:~:"-:i.".'.O:-<. 

RGI.JIE i. Fro<fl"''"l r>~·ldor 

PUL"SE "lE'lH HODIJLATOB 
'A':\011 Jt..;, !i'T',;; :,:; ,c.(J~I!'I;.ciK t,"1 li'\iil 'r.~:)(J:;jJNii- rr1::;~ ~-G 

rt·-;:.;r;,:; .... ~:-, ~ ::;t'"Wl.'! p.-u:' n~1 .. r>ii· o.o.-t;..:.l ;i.11.~" 
~:,1~~ .C l~• 1);:, ;o-;(t;:\./'::J'C ~,,, J :;q;;J ~p4i: » !=*'! 5. ~.~":T.i' 
~ ~=¥<~· VII'· i;>;::vl. >t'i:O if! r:::;:r~ ~ OGiil ::;r~ rr.tt•~:rm 
.w.::r:-;~";._ 

., . 

F~UfiE $. "PIJI~!GI "l"'ikHb H«lll4« 



Appllcat Ions lntornMtlon tV>""'"'' 

! '" t '.; ~- ''" : .. · ..... .• 1. ·.··u·· ·: ·~li·· 
~ ' ' ~ JL'lJ···.··.:· 

\':.-~ • . ;o,• -~=·-c .. ~::/~t:::• ··.~t:."l 

'".",i; •. : ~ .,-:·.· ::::::::-.. -11.:!( ':.::;,.:i':=~ .. :".": .... 
= ... ii ·-J.u 

PllSE POSITI:tliiO[IJLATOR 
ilii"' -~!'1(J!:I11.!~B ll"1~ t~;; ·::1!;.;(,!:1~-:l t:: r.l!OCii! :; -:". 
_i:o, E.·,,~';": ... ,;._,':!, ~1-i'l J m:o.m:t~ ~'113 lf!3i'l JtP•_;o 
1:- r"-::r~:n>iv:llJt.i11f-l1'1'~1'QJ. n.- F~p:o:.l!Joo 'IJPen~~r~ 
tla nWJir1.:J~~011. !:£::ri1'- t!"·Yl:t:lv:~~;'- ~drwi-:, 
lt!.C. ~1'1!-i· :ii!!i\j iff •lji'j.;t, c_~,.,..r~ •1 :~: tl'i';. ~;w;!:rm: 
?~r«J!~ \): i'.l t;;l;o,,lil.,..i•\'li r.1&::Lo!Jli(fn :::J;r,:f. 

, I 
_j, 

T 
,-'l 

FIGURE 10. P!il<• PO>IIIoo M>dllol:lr 

···~~- .<;·; ~;-·a::p 1!"~!-~-~.;.,:;,: ','';" 

·""··;. -~,;-; ;o:f:~~w:~ --:.:::.·:·.-: ... 
~~-~;--
=~. :.:__ 
•• -: >~-= 

FIGURE 11. Pll"" Po <Ilion Mo<lu~rtor 

LltE.t.R R.t.M> 
·,~':"ja:l 11'!- !=Ul.!f:· 1":-i!:l::-. F .... ir• ll'lii m:·r-:!1~" 'i::l;ti ~~ 
r~;l::I:.C -~ ;:, :M~Il'l'~. ~~~~' !Wi<oC!, J lNU l:il'<f i:i 
;;;'•~:/1":1. Cs-:r;• 1./ !:!'i:;flf;, ~ j:(t,_Oj (1)!'1~Y,:T::HI)~' )l1Jt !';~!~ 

~Wlr:r;;. r~:: H.1l:t:n. 

... --

., 

r::t;.·~~ 12 ~il¥! ~l'N6m'!! ~·fr.@"lli(! ty l'i'•ii H!U'Y i:t!'1;· 

n.~ sr,~ ~~-~v,.o~ll!: ~"'~ ti·-· 



APPENDIXC 

LM741 
Oper<~tional Amplifier 
G('f!eral De$crlptlon 
'fh,. J..~";'oli :;p!if:, ,.., ~Wi!~ :p-.!1t'O':-i :t'i11;:;!i(ii1;i J"!"!;ll· 
.;.;!- ""!itli ~ili'JJ.~>il ii79f:~:!fii\i<P.<i'!:' w;;, n:f.i:;li'( lit!· 
~J2 it-t- 17J;l L\'f.'-31. l'l'l"'i' :~:c, '!lliC-l ;-f.:~-m ~ O!):fl_:ur,;:1! 
\:lr li'1; i(IX._ L~.1':i. UC!4,S;• rtJ:!':' .:E.!il !'I'J);;l ~;~:~t:!t:o_ 
TM" l!'\:("~,i~>= o~Qr .;r<O;.,:{ lcil'll(i~ whin rr•l"' · ¥1U" i'.lf=;t. 
:i'Jon ;;.M;;;1 \>:t:ool: (1\';,rioiid pOtQ:~:l'l (lr, ::-;.! 1ry>.~ u.•:-

; .. 
OJVJ.:f Hufltl« LNi' -t1H, LN7 -t1H.t*' ~~~l~ f., 

Ll\t'41~1l1MorLM741CH . 
Soo HS Poc:l'.l\10 Nllllbor HOOC 

cor•mt F~IJ>lk .
83 
..... _ .. :.; .·co•c• .. ]=···.···"···· •. -

._:::; ___ : -.~.::~~:~ '• 

.:~· < --"'',;,,.... --_- -.. 
t~ .. ··-~·~ :~-~-· 
,--" ' ·- ··---· 

Or4or HolitlorLH;;r/<i~ 
i.(l$ t.ts P.l<k;,go Hunbo'f 'ff1(tt, 

Typical .Application 

:i.Z~l, ~·: t.1xn.w ~h..,_, ~~ ~(1.'!::';!:•, m:o:;.; ·.r~:l(l J:< ;;x, 
:.O.:~.l! <¥"il' l~ ''U®:"''! !;":n I):;:Jfi:Jq;l!. • 

ih' !..Ui.:nt; f- i::ICI!'!1.t:t~ 1: 1~.,; i.J$ .:l"\'.Llo.'IT.t.ti, :~:c:'+' ll,:l 
D; i.\'r.4-,·:: ~'~-" men pi-lr:r:;~J~Jt-i ;iv:tr~et;.t:Vi!1l YC l: 
.;-'i·:-·c IQ"''!;¥"l'i~Hill'l~ n:1;;"J.:l« -~,·-: 1: ... ~~:·c. 

.;, ' :> + 
1-· 

'----.....1 
oro or Holitlor LW: W. LMl41~W. LMjl1Ctl 
SO• I<; P><l»gg t~litlorJlM,II:!Mor ti)Ee 

Ol't'id ttlllh9 Clr< ut 

tr
. 

. 

. 
f 



"' "' !!! 
..J 

=~· •''?<u ::,. ::~ 
:. : -. ~: 

0 ' ' . 

.c1 
/(' 

·-- " ' 
!...---...."'-- ·- ~-· 

RGlllE 11. Ll,..r RoRf> 

>(10. Wl'l'CYCLE OSCIU.~F:JI 
f'(li .ii :{!=.; 0..'1)' {-)'{!,;. il'l" {{.!-_!;));! F',l. >T'l:O ~ 111~)' :,; 
,;.-:;!,,0:1$:! l! !;") IC~:ri ~ ( TM 111\j, ~·iH:<C ;:: ,,.;:,. =~t>!J. 
n~~~ ~ -tJ,. ~(lt'rl;. ~! p~:u~.' = 0 .;;.3 F .... -:-. f=.:: m :,.~·il 
f<f.i;; 1: >~ ~ = 

l.j':-. ·,,,!'·,·:;_,_ I . 
'-" :-ll-

r.))t. ;;;; i'!i!: :l.c<J~ '<i<~l-m: o.:.j~Jl;_ f !=t, '·'""f;;;J¥ it:.~>:_ ·Jt~ 
E.;, t:o;:{i'i~!" t;.Q _rJ01:lt:n :1 ::;.~ i'i'!: ;:,. -=~~_o)l :'"';-; ~';.;: 
ooi'M » ~ ,'3 ·~· ~--~ 1~ m~;'r :l'l; »~t ::r~,;,:f'-Lo»t 

WC4TI;}II.L IHFOBIIm:tt 

.:I.(~ ::I'· ~IOl't!.~- WH~)' :w·l!!f'!9 iJ. ~·~i::_:;::l1j' 1:· POI!:l 
ou:;:m:lo;~ {o\:'!l.:nj'. ~'!n~'!~J.., ··~;ynf!~d~:liel:l!! ·:-.~~f.,,~:.-~. 
11((1 ¥to,~;:- ;t•:v:~j'l:. 

Lo'o'~' :rp>;;:tJt:r ·.YI)rl~· ~~" ·:;:t~ :--~ >4~ !·:-f!lJ l~ !':~ 
....n~ Ffl ·1· ~ «~ \i~y Xi ~oo•?J ·1:1 m~;'-1riJ. "'inl.:. lFitt._ 
N!'!"!:"·:!t~' ~·~:;; ~:'!·· » ,~: ~"!'-'1'".i~. 
C.-i~· ~:r;iil rRirl » :i.i4~~~ ,;. ·:·.l"i'~! "~:;;. Mr•m'!!': :t!ill 
j).!~ ~ !'l;:t! r:'l\.l~l t' ,_;~;, !j'p:lll.. 
P'i>~ ; =~iii-"!! :M"=r'~~- 1'/:!'!1! ~:'!':.:. :! ·~-~ O"JI~J.l: -r~, ~-:
Y(ojJJ~~-



Absolute Maxrmum R,Hing'> ,,.,,. ~~ 
I Mllbrf.'Aoroop«<> •poclllod <1«<1<.,. oro ""''N<i 
pl .. <~ <OIIIoclltio tlllil • ..,l SOIIIOOO!ll<lor S.loo 0111< <i 
~I<Jri:>OJior< lor a.·otll~llt!· •od •podllcolloo<• 

Jiol~ "'~· 

:;;~~···ll)l'!l~T 

;t~;.; i)2ip3.iol'l't l'pb' ;! 
r'!'!x'-~$"1'~ r:;:.:.:l·.;(l~;::;,. 

r::~~·! ·~'l)fil9il: j!.\)lii· "-:' 

~v~H ':rt:-::t Cf:ilil OU<Zii!:;l 

·:t·'r"llfl9 "fr.t9ri~l.rii, F;::;•;' 
:,));;;,q,. T~«Jl!t$ li;M;?

~;,:~:;, r..,~~~;.;>~'-~., 

:,:iar;;~ r.~m~c:-, 

:.:t.;:·.; 

:r:;-.. · 

-~'C;1(l +i2:-·: 
-E~'C 10 .. i :c ": 

!:¢··: 

~.I.F:t:t<£;,. 11-:· ~"'=:!r:(- 1:tt'•:." 
J. :~· ~q:::...:'tJ9'it ri·)-!K>);,-::;: E-:<(t·-: 

v.=...:!~tl>;OI 

·~.:~r-:-;· !=~!l!' -:;,. ;~,-.::~x:, .::.,;;:·-: 
lnlli:l :if' Jl E- .!:~:::r!d~~ ,2"1~·-:--

;.:{1 "'"·' 
=::cr ... · 

...s::rc » -~-t~-s:··:-
--E-:-·c. OC.•1EO'·:· 

~=·rc 

~H"C 

:B·c 

::~s~c 

~·~;;·c 

~{-(1 r:ft.' 

:yJ,.' 
=~.;-.: 

::B'C 
;(>)"(, 

:: !'i:'C. 
~-1.;•t; 

;:;" .#t-<1.~:· ~l.l1J:t- Mi:.l.1t1-11!!'-.-; M!{l~.(i:J.:, li~ 'Ttl.~ E-t~-~ (1"1 l=-ro:t.l:"i FI~Wfi·!'{ t-1 :,_t•W.l ~t'i:~: :1 
::<:!:ili,:m~ • 

~Ji!ill:;; ;;::'.;:'\! ~i!'t<·Jl:::. 

.:.w..::t?~ 1!1';;:: -:~!;;;J 
"i.:ill® r:"'~~ 

i?'!;\!i :m'-~ ·,·(J1Jltttl 

;clfJ!~'l'l.QOJ rwo~ 

AY«l!ii! il1f·~o:i ·:--!'~:>;1 

Wrv,lt:a; 

T." .... ~:io.T ... ~r ..... .J.:..":. 
;:to~ :ct·.: 
'\.,;; "iClku 

T.~: ;25."G 

= ,(; 

"\;:· 

... 

<:·.·: ;-:(· 

~ .. ~~ 

~.-; 

:L:· lQ 
't(l 

... 

3(· ·:i) 

<)_.:!"i>) 

... 

HID T\P 

.::!::· 

:1: 

~:· 

£':• "'~ i::. 

u 
(·.J .:!J 0.~ ~--=· 

=!;;· =-1 . 
=!~ = 1,;: 

Uol• 

: .• ( m.: 
'{{'(," 

rr(," 

' .. nr.; 
r..· .. ;· .. : 

"'" 
a·:- '" J}:· '"' 1!A''•:-

;};. fill. 

·:·.~ ~.:.. ..... 
.... . 

. . 



~ .. 
~ Ehlctrlcal cnara¢terl.stlcs ,,.,,, >: iC-o1•r""'t 
-.J Ncllti: ,:':,· ::;:lll'l.'-::· C:th!M:J~: •-..r~;.."l'ol; r·~11. ;.u:.lll ~..;a:.:. :*"<~11': :'.M!i: ~· "·•-'-' .-... •• -:::~ .., •. : -:-11.' •~:: .~:•··~,::v.;:.·* tJtA-~·~ 

=•:"';f-. - -• ~ .. "' ·"--• ~:.; 

~~~ill RGo;t~bno:o;o <:or<ll> ••• OP,~b HOt•Jf! $':-..t(~, 

1:' ~ tJU"t:J:I'/ 10 A<~!M'f· l·:.fJ-::t.· !((l'·:,ll' ;":'(··:·.'/',' ~ );·-:,-..-.. 
!:- • l..tn-:.1~ t: CJ:QI r..J.';:. ~~:.:. ,;,:·-:·,'(,· t.!.)l. 

fib+ -'I: ;·;;·1~%:':' ~::-~1 •;n~>':'"!C': 1Si' ·•f11Ct::-.ll ,-u;-.- -~.· ~::';11;~ -1 V,:,;.L :: , .. fll:.=~ ~~;or 

Nm-;: ~'"lin::-;~.,.._,. io:i:i'!-''i':·_ "",;ju \Ci:.'-:s'!'~ t;:;!t' t!' l,. :•;;",' -U:, -, , .. -;~·: .. ll: .. • .\>:'~o·~- :::· !"i .. Ui•·-:"•.i!/J-0: -''"M-il 

1'::11: '=~<=~~ i'J --lll: ·.: : :' -_ .. ~ -::·: 

1-bt-~: :~.: ,·n!:tL'.ll''="" ;w._\1...'::. ·: ~!:.'!:..•~ •·:-".;.~ 

No~+;: :;·-- :a;- ~~o;:~~=a:: :·; r.." .:a;;-~;:r··x ;:- ·,\<; .. , ~t-·: ~;; .. ~:::.o·.« ·;;:·.•:• }-

l . .. • 
!' .. 

'···, .. 

...... 

.. r ~ 
!,0.'' 

1 .• 

' 



FINAI..YEAR DESIGN PROJECT SCHEDUI..E 

TASK JULY I AUG I SEP I OCT I NOV I DEC I JAN I FEB I MAG _ I APR I MAY JUN 

IFYF1 
Trtle! 

1Work 
l'OfPreliminarY Report 

Design and analysis 

-r 
_---~ .-1-H 

1--
p, . 

r 1 
•2 

I I I I I I I ,- I H+ 
FPr=l-+1----1--IH 1-1 , __ I 

· 1 of Interim Report 
--Crall ''Ni!Slcl'iiif'! I I I I I I I I i i i I I I I I I H~l--ll I -I ' ~fl¢$; I [TT_I_[_ [.I -1-++1-+ I 

11 from FYP 1 
Project work , ~ia~r~tfolJI!(rftffl· -1---1--~~ ~- -!_--••. 

!
,,,,~-T·T-11 I I 
i·Z!i-'i~!·h . ·::\i\}0i<S5t!k£:?N:;\Wfff- --I ----i 

Poster Exhibition I I I I I I I I I I I I I -I--I _':!!iii!; I_ .,,:_J L_l 
Final draft report I I I !'iifi'ii I I 

I oral Presentation I I .I J -~ I 'i~liJ >' 
I Hardbound Dissertation I 1--1 I - T I _ iJ,?i!i 

I I -T·· -~---' I 

I I' 11111111111111111' II' , , , , , , ' 

1 llr++ I Ill 1 

I ; I I I I I I I I I I I I II : rl 1 ~- 1

1 

'-- I ' I_ I 
I I I I I I I 1-1 I I I 
' 1 r~ -~ - -~-~--, 

1
1 _ _11 __ 'I I-

: I I I I I I I I I I I t-l--t-r-r-l 
I_I_T 

I I I I I I I I I I I I ' I I I I ' I ' ' I I ' I I I I I I Ill I I h~~~ I I I I I I I I I I I I I ~--1 I 1-IJ I 1_ 
I ' ' 

I -

:J I I I I -II I --•- !--

i ------1 -t_- I 

1--

- + 
I , 

--,----

1-

=~ 


