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Abstract________________________________________ 
 

In the developing world, engineers do not have adequate resources to properly repair 

medical equipment.  The development of a low cost electrocardiogram (ECG) tester would 

greatly enhance an engineer’s ability to debug problems in current ECG machines.  This 

project seeks to create a low cost alternative to current ECG simulators that, despite its low 

cost, is compatible with the interface of different ECG machines.   

Because of the poor economic situation and lack of medical resources in the 

developing world, this device must cost less than $4 in quantities of 500, achieve minimal 

maintenance and considerable longevity.  Specifically, this device must output a normal sinus 

rhythm waveform including the P wave, QRS complex and T wave at varying heart rates as 

well as a 1 mVpp sine wave in order to test the function and the frequency response of the 

ECG machine.  The target heart rates for the device are 40, 70, 130, 190 bpm1 and the target 

sine frequencies are 1, 5, 10 and 50 Hz. The main goals of this project are to create a safe, 

reliable, low cost device which can simulate the normal sinus rhythm of the heart.   Addition 

of the sine wave output and varying pulse rates would improve the product and are desired, 

but will be completed if time and resources permit.   Through the development of this 

device, engineers will have a more effective way to identify problems with ECG machines 

and subsequently test repairs made to malfunctioning ECG machines.    
 

 

                                                 
1 These are only approximations for the heart rates that the device will generate. What is critical is not that 
any specific frequency be generated, but that the frequency that is generated is constant and known exactly 
so that users can calibrate ECGs with it.  
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Background_____________________________________   

 The global world faces the stark reality that the stratification of resources causes an 

inequality in the standard of living across the globe.  This imbalance of resources causes 

many people in the developing world to struggle to live above the basic needs poverty line.  

Countries that fall into this category are classified as developing countries because they have 

many if not all of the following maladies: poor economics, infrastructure and educational 

systems, high mortality rates and extreme political and cultural inequality.  For example, in 

Tanzania nearly half (48%) of the population lives below the basic needs poverty line, 9.4% 

of the adults in Tanzania are infected with HIV or AIDS and the average life expectancy is 

only 50 (United Nations Development Group).  Statistics such as these are representative of 

the developing world as a whole.   

One of major problems contributing to these circumstances in the developing world 

is the poor condition of their medical facilities, and more specifically, the lack of medical 

technology available in hospitals.  In extreme cases, hospitals lack the electricity on which to 

run their medical equipment.  Even in hospitals that are capable of supporting medical 

equipment, the proper medical equipment is often unavailable because of a lack of monetary 

resources.  To fix this problem, medical devices are often donated to developing countries 

after they have been used in more developed countries.  Just as in more developed countries, 

the devices used in a clinical setting will malfunction and need to be tested in order to fix the 

problems that arise.   This specific project seeks to consider the circumstances of the 

developing world and the principles of electrocardiography to develop a low cost device to 

aide engineers in testing ECG machines in the developing world.  

ECG machines are used to detect arrhythmias in the heart, to detect ECG 

morphology changes, and to measure the heart rate.  The flow of blood through the heart 

and to the rest of the body is regulated by the electrical conduction of the cardiac tissue.2  An 

electric field with a resulting dipole is created from the electric pulse in the heart (Webster 

235).  The ECG machine measures the cardiac vector that results from this electric field at a 

given instant and creates a visual representation of the heart’s blood flow.  During the heart’s 

normal activity, called normal sinus rhythm, the waveform will have two main parts:  a P 

                                                 
2 The electrical signal originates in the sinoatrial node and is conducted to the atrioventricular (AV) node 
through the left atrium by the anterior, middle and posterior internodal tracts.  The pulse is delayed at the AV 
node, delivered to the bundle of His and ends up in the Pujunke network of the left ventricle (Webster).   
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wave and QRS complex.  The P wave results from the contraction of the left and right atria 

and the QRS complex from the contraction of the left and right ventricles.   

In the United States, ECG machines are used to diagnose cardiac arrhythmias which 

characterize heart disease and also monitor patients in the hospital.  However heart disease 

develops in older patients as a result of wear on the heart and is therefore a less common 

health concern in the developing world because the life expectancy is so low.   Therefore, in 

underdeveloped countries, these machines are mainly used to monitor patients suffering 

from other health concerns.  As the country develops and the life expectancy increases, the 

ECG machine will become increasingly valuable to physicians in the developing world.  

Therefore, it is important to properly maintain these machines in order to improve the 

current health of patients as well as encourage the development of the country.   

In the developed world, ECG simulators are currently on the market that can 

provide a variety of functions.  The most popular models generate cardiac waveforms at 

various rates (from 40-200 bpm), have varying waveform amplitudes and include an LED 

indicator of the heart rate selected.  However, these machines, such as the Medi Cal 

Instruments Model 430B, 12 lead ECG simulator, sell for roughly $259.00 and up, and are 

too expensive for use in the developing world.  Because engineers in underdeveloped 

countries do not have ECG simulators, they often connect themselves to the ECG machines 

to observe the malfunctioning ECG machine, try to fix the problem, and then reconnect 

themselves to the ECG machine to determine if the problem has been solved.   

This project seeks to create a low cost alternative to machines such as Medi Cal’s 

ECG simulator that can be easily mated to the interfaces of different ECG machines3.  The 

purpose of this device will be to generate a normal cardiac waveform of varying pulse rates.  

Output of a sine wave is also recommended in the design of this device to test the frequency 

response of the ECG machine.  Through the development of this device, engineers will have 

a more effective way to identify problems with ECG machines and subsequently test repairs 

made to malfunctioning ECG machines.    

                                                 
3 Medi Cal sells ECG adapters at a cost of $18 for a set of five.  In the developing world, a device must be 
compatible with the interfaces of different ECG machines without the cost of additional adapters.    
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Specifications____________________________________                              

- Output various waveforms 

o Sine Waves 

 1 mVpp4 @ 1 Hz, 5Hz, 10Hz, 50Hz 

o Normal Sinus Rhythm Waveform 

 Include P wave, QRS complex, T Wave 

• 40, 70, 130, 210 bpm5 

- Mimic the impedance of the chest cavity at device outputs. 

- Cost less than $4 in quantities of 500. 

- Blink an LED that corresponds to the frequency or rate of device when it is 

on. 

- Achieve minimal maintenance and considerable longevity. 

o Maintain functionality for 10 years. 

 Switch contacts 

o No encapsulation will be used because of the complexity of the switch. 

o Last for at least 1 year on 3 AA batteries, assuming a sporadic 20 hrs per 

year of usage. 

- Measures less than 4’’ x 4’’ x 1’’ when stored. 

- Three alligator clips on the test will clip to the positive (right arm), negative 

(left arm) and ground (left leg) leads of the ECG machine.   

 

Completed Work_________________________________ 

 The design work for the ECG tester can be categorized according to three main 

areas:  switch and PCB layout, supporting circuitry, and programming of the PIC.  Over the 

past few weeks, significant progress has been made in each of the three areas.    

 

Switch and PCB layout:   

                                                 
4 Information provided by Billy Tenninty of International Aid during a phone interview on 02/08/05 
5 These are only approximations for the heart rates that the device will generate. What is critical is not that any 
specific frequency be generated, but that the frequency that is generated is constant and known exactly so that 
users can calibrate ECGs with it.  
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Figure 5.1A First Prototype of Switch Design 

The design of the switch has proven to be one of the most difficult parts of the 

design.  Three prototypes were constructed.  In the first prototype, pictured in Figure 5.1A a 

fabricated strip of metal  need to be ‘bent’ upwards from the board each time it was moved 

to a new contact which would ultimately result in the strip of metal remaining in the ‘bent 

upwards’ position (no loner touching the screw heads), and thus the circuit no longer being 

completed. In addition, a gauge of metal that was thin enough to be easily malleable would 

also break over a fairly short period of time due to metal fatigue, and the ‘sweeping’ action of 

moving the strip around in a circle would ultimately damage the PCB over the entire radius 

of the circle. As a result, the design was modified slightly and a prototype is shown below in 

figure 5.1B 

 
 

Figure 5.1B:  Second prototype of Switch Design 

Here, the user will connect the green piece of wire to the center terminal and one of the 8 

outlying terminals. The terminals will be copper screws soldered into the PCB, where the 
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center one is connected to the power source and the 8 others are connected to different pins 

on the PIC. Shorting the center screw and one of the 8 surrounding screws will set a pin on 

the PIC to high, and thus tell the code to produce the desired waveform. The green wire 

connects to the screws with rings soldered on either end of it, and these rings are 

subsequently held onto the screws by wing nuts, as seen in the photograph of the mockup. 

Note that in figure 5.1B, all of the orange wires are actually on the underside of the mock PCB, 

and are only visible because the acrylic used in the model is clear; in the actual PCB they will 

be copper veins printed onto the board. Furthermore, the terminal strip that the wires 

connect to is present merely as convenient way to interface the switch prototype with the 

breadboard during further testing.  

 However, this design was fairly complicated, hard to manufacture and not extremely 

user friendly.  The final prototype did not include extra parts such as copper wires or odd 

pieces of metal.  Instead, the switch consisted of solder and a clamp.  The switch is featured 

in the photographs below. 

 

 
Figure 5.2A:  Front of PCB.  Notice the squares of solder that provide a place of attachment so that the user 

can select a given input. 
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Figure 5.2B:  Back of PCB.  Notice the strip of solder that runs on the back of the PCB that provides a place 

of attachment so that the user can select a given input. 
In this design, the strip of metal on the backside of the PCB is connected to ground.  

On the top of the PCB, there are 8 solder patches which correspond to the 8 input 

waveforms.  To turn the switch on, the user must clamp the desired input to ground 

as shown in Figure 5.3. This clamp can be an alligator clip as shown or a pair of 

pliers may be used as well.  Once the input is clamped to ground, the signal then 

travels to the PIC.  Initially all the pins on the PIC are set high, so the PIC will notice 

that one of the pins has been set low.  The low input from the pin will turn on the 

desired waveform in the PIC.   

Once the design of the switch was finalized, the rest of the PCB was designed.   The 

PCB’s main features are the custom switch, described above, which allows the user to select 

the desired waveform, a power source and the alligator clips which allow the tester to 

interface with an ECG machine.  The original PCB was ordered on March 11, 2005.  This 

first order enabled the testing of the programming of the PIC, but modifications to the 

switch and output circuit made it necessary to order a second round of PCBs on April 14, 

2005.  The power source for the ECG tester is 3 AA batteries.  To turn the device on, the 

batteries are inserted into their housing.  To turn the device off, the batteries are removed 

from the housing.  Finally, the alligator clips will allow the device to interface with a variety 

of ECG machines.  The positive, negative and ground leads of the ECG machine will clip 

onto the alligator clips.  The final PCB is pictured in Figure 5.3.   
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Figure 5.3:  Final PCB layout with alligator clamp to switch on.   

Supporting Circuitry: 

 The circuit design is shown in Figure 5.3.  Although the circuitry is relative simple, it 

provides many functions.  Primarily, it allows input options for the switch, turns and blinks 

an LED according to the rate or frequency of the waveform when the device is on, converts 

the digital output of the PIC to an analog waveform, and mimics the impedance present 

between the leads of an ECG machine.  The PIC in the schematic is the PIC16F505, an 8-bit 

PIC with flash memory and 11 input/output pins.  All eight waveforms (NSR 40, 70, 130, 

and 210 and Sine 1 Hz, 5 Hz, 10 Hz, and 50 Hz) will have their own input pin.  The PIC’s 

program will choose the proper waveform to display.  Finally, the output circuitry of the PIC 

will convert the digital output of the PIC to an analog waveform.  The low pass filter 

contains a 330K-ohm resistor and a 33-µF capacitor.  The three resistors that connect to the 

ECG leads are all 560-ohms.  These resistors mimic the impedance that typically exists 

between leads on an ECG machine. 

 10



 
Figure 5.3:  Circuit schematic of the ECG tester 

  

Programming the PIC 

 Original programming was done on the PIC 12C671.  On this PIC, a sine wave and 

NSR waveform were produced.  Once the PIC16C505 was ordered on Friday, February 25, 

2005, programming a switching code was created that flashed a light at 8 different rates.  

Next, the programs that created sine and NSR waveforms were added to the switching code 

so that the the PIC could switch between 8 different waveforms:  4 frequencies of the sine 

wave (1, 5, 10, and 50 Hz) and 4 heart rates (40, 70, 130 and 210 bpm).  However, this code 

was too long to fit on one page of memory in the PIC16C505 so the code for the NSR 

waveform was moved to the second page of memory and the sine code was kept on the first 

page of memory.  Currently, the PIC program outputs sine waves at frequencies of 1, 5, 10 

and 25 Hz and NSR waveforms of 41, 71, 131 and 211 bpm.    

 

Testing the Device and Making Revisions: 
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 The ECG waveform generated by the PIC was tested against waveforms from the 

Lionheart 2 made by BIO-TEK instruments.  The device outputs were comparable to the 

Lionheart. Using an oscilloscope, the device created sine waves at frequencies of 1, 5, 10 and 

25 Hz.  The amplitude of the sine wave ranges from 1.5 mV at a 1Hz sine wave is 1.5 mV to 

0.8 mV at a 25 Hz sine wave.   The ECG machine was used to measure the rates for the 

NSR waveforms.  The device outputs waveforms at 41, 71, 131 and 201 beats per minute.  

At higher frequencies, the waveform becomes less clear, but the ECG machine is still able to 

pick up the appropriate heart rate.  Also, it is interesting to note that the Lionheart does not 

simulate an exact NSR waveform at higher frequencies either.   

 Once these parts are working, the whole circuit will be connected and tested with an 

ECG machine.  Different waveforms on the device will be selected and the ECG machine 

will be monitored to see if it displays the appropriate waveform.  These tests will be 

completed prior to the mass order of the PCB boards.  

 

Manufacturing and Use: 

 This initial prototype for this device will be manufactured by the design team.  

Once proper testing has been completed and the device is deemed functional, instructions 

for mass manufacturing will be released.  This device should be used by certified 

engineers or persons will knowledge of ECG machines.  The user must be able to select a 

desired waveform from the PCB board and connect the appropriate leads of the ECG 

machine to the tester.   The user of the device should take the same precautions that one 

always does with electronics; however, this device does not require that extra precaution 

be taken.  For a completed parts list see the budget.  
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Kit Contents 
 

 
 
 
Tools You Will Need: 

Your ECG Tester 
kit should contain 
the following: 
 
1  PIC16C505 

1  Battery Pack 

1  PCB 

3  Alligator Clips 

1  LEF 

1  330K Ohm 

3  560 Ohm 

1  33 uF Capacitor 

• Soldering Iron  • Solder   • Wire Cutters 
• Small Philips Screwdriver  • Small Pliers 
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PCB Schematic 
*Note:  Be sure to refer back to this page as you build the ECG 

tester, in order to insure that you are doing it correctly. 
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Step 1: Install 330K Ω Resistor 

 

 
 

 

*Note: Be sure to save the 
lead from the installation of 
the 330K resistor, as it will 
be used as a jumper wire in 
the next step. 
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Step 2: Install Jumper Wire 
 

 
 
Step 3: Install 560 Ω Resistors  
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Step 4: Install LED & 33uF Capacitor 
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Note: Be sure to 
install the LED with 
the longer of the two 
leads facing towards 
the left. 

 



 
Step 5: Install Alligator Clips 

 

   

 
Step 6: Install PIC16C505 
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Note: Make sure 
that the semi-
circle indicating 
the top of the 
chip is facing to 
the left when 
installed in the 
PCB. 

 
Step 6: Install PIC16C505      (Continued) 
 

 
* Note: Be careful when soldering the pins of the chip to the board. Using too much 

solder can accidentally short two pins together. 
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Step 7: Install Battery Pack 
 

 
Step 7: Install Battery Pack (Continued) 
 

 
Note: While the 

battery Pack is located 
on the back of the 

device, it is actually 
soldered onto the PCB 

on the front of the 
device. 

 
 
Step 8: Drip Solder Onto PCB Pads 
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Note: this is done to increase the longevity of the device. Be 
sure not to get the pads too hot, our the PCB may be 

damaged.  
 
Completed ECG Tester 
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Testing The Device 
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If the batteries are installed, the LED should light up. If a 

clip is used to short any one of the 8 pads, as in the picture 
below, then the LED should begin to blink. 
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Overview of ECG 
tester__________________________________ 

 
 
 This device is used to synthesize 4 types of waveforms: sine waves at 1, 5, 10 and 50 
Hz and NSR waveforms at 40, 70, 130 and 210 beats per minute.  When connected to an 
ECG machine, this device will output one of the above waveforms.  The main parts of this 
device that the user should be acquainted with are the switch which allows the user to switch 
between one of the four types of inputs, the alligator clips which interface with the ECG 
machine, and the battery pack which provides the device with power.  The complete device 
is shown in Figures 1a and 1b. 
 
 

 
Figure 1a:  Front of board with alligator clips for ECG leads on right and switch inputs on the top and left of 

device 
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Figure 1b:  Back of board with attachment of battery pack 

 
 
 
 

Connection of the ECG leads_____________________________ 
  
 This device has outputs for a three leads of an ECG machine.  On a three lead ECG 
machine, top output is the clip for the lead from the left arm, the middle output is the lead 
from the right arm and the bottom lead is from the right leg as shown in Figure 2a.  
 

 
 

Figure 2a:  Outputs of device are on the right. 
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This device can also be used with a five lead ECG machine.  In this case, the right arm and 
left arm are connected as described previously.  One of the other leads (RL, LL or C) can be 
connected to the bottom alligator clip.  Please see Figure 2b for more details.  The other two 
leads remain unattached.  Similarly, this device can be used with a 12-lead ECG machine.  
The top alligator clip connects to the lead from the left arm or a positive electrode, the 
middle alligator clip connects to the lead from the right arm or a negative electrode and 
finally, the bottom lead connects to the right leg or a reference electrode.   

 
 

Figure 2b.  Attachment of device to a five-lead ECG machine 
 

Use of the switch_______________________________________ 
 

The switch consists a metal ground strip on the back of the PCB, eight individual 
patches of solder on the front of the PCB and a clamp (see figures 3a and 3b for more 
detail).     

 
Figure 3a:  Front of PCB.  Notice the squares of solder that provide a place of attachment so that the user can 

select a given input. 
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Figure 3b:  Back of PCB.  Notice the strip of solder that runs on the back of the PCB that provides a place of 

attachment so that the user can select a given input. 
 

 
 In this design, the strip of metal on the backside of the PCB is connected to ground.  
On the top of the PCB, there are 8 solder patches which correspond to the 8 input 
waveforms.  To turn the switch on, the user must clamp the desired input to ground 
as shown in Figure 5.3c. This clamp can be an alligator clip as shown or a pair of 
pliers may be used as well.  Once the input is clamped to ground, the signal then 
travels to the PIC.  Initially all the pins on the PIC are set high, so the PIC will notice 
that one of the pins has been set low.  The low input from the pin will turn on the 
desired waveform in the PIC.   

 
Figure 3c: Final PCB layout with alligator clamp to switch on. 
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Power Source__________________________________________ 
  

The power source for the device is three 1.5V batteries which insert into the battery 
pack included in the design.  To turn the device on, insert the batteries into the battery pack. 
Note the orientation of the battery before insertion.  When the device is on, the green LED 
will light up.  Also, the LED will flash according to the frequency and shape of the 
waveform.  When outputting a sine wave, the LED will flash on and off with the frequency 
of the waveform.  When outputting a NSR waveform, the LED will flicker to indicate the 
QRS complex.  To turn the device off, remove the batteries. 
 
*******NOTE:  Please remove the batteries after every use to prolong battery life ********* 
 
Repair/ Debugging Options_____________________________ 
 
 Always make sure the device is on.  If the LED is not on, check the voltage of the 
batteries to ensure that they have not died.  Also, check to make sure the leads of the ECG 
machine are connected correctly and that the device.  Finally, make sure the device does not 
get wet as water can damage the circuitry.   
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Budget_______________________________________________ 
 

Budget A - 3 Units     

Item Quantity Digikey Part # Unit Price Total Cost 
PIC 16F505  3 PIC16C505-04E/P-ND 1.43 4.29 
33 uF Capacitor 3 P951-ND 0.077 0.231 
560 Ohm 1/4 watt resistor 3 560QBK-ND 0.056 0.168 
330K Ohm 1/4 Watt Resistor 1 330KQBK-ND 0.056 0.056 
Aligator Clips 12 CP-2405-ND 0.358 4.296 
LED 3 P580-ND 0.27 0.81 
PCB 3 EXPRESS PCB 17 51 
Battery Holder 3 2464K-ND 1.05 3.15 
     
Cost per board 21.33367    
     

Total Cost 64.001    

     
     

Budget B - 500 Units    
Item Quantity Digikey Part # Unit Price Total Cost 
PIC 16F505  500 PIC16C505-04E/P-ND 1.43 715 
33 uF Capacitor 500 P951-ND 0.0602 30.1 
560 Ohm 1/8 watt resistor 1500 560QBK-ND 0.01363 20.445 
330K Ohm 1/8 Watt Resistor 500 330KQBK-ND 0.01945 9.725 
Aligator Clips 1500 CP-2405-ND 0.275 412.5 
LED 500 P580-ND 0.21705 108.525 
PCB 500 EXPRESS PCB 2.852 1426 
Battery Holder 500 2464K-ND 0.80902 404.51 
     
Cost per board 6.25361    
     

Total Cost 3126.8    
 

 

Many assumptions were made when calculating the budgets, the greatest of which is 

that the only expenses are those relating to the components. The budget does not take into 

account other aspects such as salary, labor and equipment, because they do not factor into 

the cost of the device. While it might be possible to breakdown the team members tuition 

into cost per course and then back out the costs of using the lab equipment and getting 

advice from Dr. Malkin, this would be an unnecessary measure. 
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 The budgets also assume that materials consumed in lab, such as small bits of wire 

and solder, are free. While this is the case for the 3 prototypes, it would most certainly not 

be for 500 units, and therefore the cost would be slightly higher. Exactly how much is 

impossible to estimate at this time. Due to uncertainty in the general design and questionable 

pricing guides, the above numbers are highly inaccurate at best. However, there are some 

points that are worth noting: 

- The price per board drops dramatically at large quantities; an essential aspect 

of meeting the design spec of less than 4 dollars.  

- The most expensive components are the PCBs and the PICs 

- Resistors are by far the cheapest component 

These data may prove to be very useful when finalizing the specifications, and produce a 

final design that is minimal in cost. 
 

Facilities and Personnel:___________________________  
 The project team is comprised of two undergraduate Biomedical Engineering 

students at Duke University, Zach Jones and Sarah Conley.   Zach is currently a junior and 

Sarah is a senior in the Biomedical Engineering program at Duke University.  Zach and 

Sarah are enrolled in BME 265.07, Design for the Developing World and are under 

instruction from Dr. Robert Malkin, a professor at Duke University and director of the 

Engineering World Health program.   Sarah is currently assigned the position of team 

manager and Zach is assigned the position of team secretary.  Due to the small size of the 

group, most responsibilities will be shared or divided depending upon level of difficulty and 

individual skill.  All research and development will take place at Duke University Primary 

instruction takes place in Hudson 232.  All device laboratory work will be completed in 

Room 027A in Hudson.  This laboratory contains MPLab IDE software for programming 

Microchip microcontrollers, DC power supply, an oscilloscope, and a function generator.  A 

curriculum vita for Zach and Sarah is included in Appendix 1.   
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Appendix Ia:_________________________________ 
Sarah Elizabeth Conley 

sec10@duke.edu 
7305 McQueen Dr                       920 Rabbit Run 

Durham, NC 27705                                                                                                            Wilmington, NC 
28409 
919-308-6368              910-799-6585 
______________________________________________________________________________________________  
Education 
Duke University: Durham, NC                                             May 2005 

� GPA: 3.25 
� Major: Biomedical Engineering 
� Course work in Biomaterials, Computer Methods in Engineering (emphasis in UNIX and 
MATLAB), two semesters of Biomedical Electrical Measurements, Electrophysiology, and Transport 
Phenomenon of Biological Systems, along with extensive natural science studies in chemistry, biology 
and physics and mathematical studies. 
� School projects include a biomedical instrument design project in which a pacemaker was 
synthesized and MATLAB projects in which correlation, music synthesis and voice scrambling 
programs were created. 
� Phi Eta Sigma Honor Society 

 
Leadership/Extra Circular Activities 

� Duke Women’s Club Soccer               2002 - present 
President                                           2003 - 2004 

• Greek Impact founding member                      2002 - present 
Leadership Team                       2003 - present 
 Executive Team Coordinator                                  2004        

� Tri-delta Sorority            2002-present 
Risk Manager                                           2003 

 Founder of First Sorority Bible Study           Spring 2004 
Work Experiences 

� Summer Intern at CrossRoads Church at Westfield      Summer 2004 
� Homework Grader for Biomedical Electronics and Measurements I              Fall 2004 
� Teaching Fellow with Techtronics, a National Science Foundation enrichment program that gives 

engineering and science opportunity to middle school children in the Durham Community 
                2003-2004 

� Work responsibilities include guiding the construction of an AM radio, teaching LEGO 
RoboLab, building a diorama of the Viking II Lander site; preparing and teaching lesson/practice 
plans both for the classroom and soccer field and leading small groups. 

� Summer Staff worker for Presbyterians for Renewal’s Middle School Conference    
              Summer 2003 
� Volunteer Soccer Coach for ten-year-olds in Rainbow Soccer League            2002-2003 

Skills/Interests 
� Proficient with UNIX and Windows operating systems; Microsoft Office software; and 

programming in MATLAB, LabVIEW, and Maple.   
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Appendix Ib:_________________________________ 

Zachary Lauridsen Jones 
 
Current Address  Permanent Address   Telephone & E-Mail 
628 Levering Ave. Apt A 22495 Cabrillo Hwy   (919) 451-9139 
Los Angeles, CA 90024 Half Moon Bay, CA 94019  zlj@duke.edu 

 

Education 

  B.S. in Biomedical Engineering, expected May 2006 
  Certificate in Film & Video, expected May 2006 

Duke University, Durham, NC 
  Cumulative G.P.A.  3.0 

Work Experience 
 
  Ranch Hand      Bar L K Cattle Company, Midland, SD     June – August, 2001 

Responsibilities included the maintenance of 500 head of cattle, including branding, 
giving injections and artificial insemination, as well as the cutting and bailing of 
alfalfa for feed.  

 
  Banquet Manager     The Inn at Okoboji, Okoboji, IA       June – August, 2002 

Ran a team of employees who set up, executed and tore down large banquets for 
private parties at the hotel, conference center and offsite location.  

 
  Bar Tender                     Bud’s Pub, Okoboji, IA                 May – August, 2003 

Prepared and served drinks, maintained the bar and assumed responsibility for over 
ten thousand dollars worth of alcohol.  

Related Coursework 

Screenwriting, documentary film production, motion graphics in film and 
video, academic writing, calculus, partial differentiation, multiple integrals, 
linear systems of differential equations.  

Computer Skills 

Final Cut Pro 4.0, Adobe Photoshop 7, Adobe After Effects 6.0, Adobe 
Illustrator 10, Unix, Latex, MATLAB & Microsoft Office products 

Activities & Leadership 
Member, Hoof and Horn Musical Theater Group 
Extra, Major Motion Picture Bicentennial Man  
Founding Father, Delta Tau Delta Fraternity - Delta Kappa Chapter 
Eagle Scout 
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Appendix IIa____________________________________ 
title "PIC16c505 ECG waveform" 
list p=PIC16c505 
#include <p16c505.inc> ; This "header file" contains all 
DVAR equ 0x11 ;equate variables w/ hex 
DVAR2 equ 0x12 
reg equ 0x13 
reg1 equ 0x14 
on equ 0x15 
off equ 0x16 
count equ 0x17 
AAD equ 0x18 
literal equ 0x19 
amp equ 0x20 
freq equ 0x21 
org 0x00 ;reset vector 
clrf count 
movlw 0x9f 
OPTION ; moves W into option register, L1 
clrw 
TRIS PORTB      
TRIS PORTC ;sets portB and portC to output 
BSF PORTC,0 ; sets port C0-C4, B0-B2 high 
BSF PORTC,1 
BSF PORTC,2 
BSF PORTC,3 
BSF PORTC,4 
BSF PORTB,0 
BSF PORTB,1 
BSF PORTB,2 
 
;************** 
movf count,0 
; this part of the code outputs a sine wave if the following pins are high: C1-C4 or 
;switches to page 1 if C0, B0-B2 are high. 
 
;the code loops through this sequence continually 
 
BTFSS PORTC,4 ;1 Hz  
call Sine 
BTFSS PORTC,4 ;1 Hz 
call one 
BTFSS PORTC,3 ; 5 Hz 
call Sine 
BTFSS PORTC,3 ; 5 Hz 
call five 
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BTFSS PORTC,2 ; 10 Hz 
call Sine 
BTFSS PORTC,2 ; 10 Hz 
call ten 
BTFSS PORTC,1 ;        50 Hz 
call Sine 
BTFSS PORTC,1 
call fifty 
BTFSS PORTC,0 ;        40 BMP 
BSF STATUS,5 
BTFSS PORTB,2 ;        70 BPM 
BSF STATUS,5 
BTFSS PORTB,1 ;        130 BMP 
BSF STATUS,5 
BTFSS PORTB,0 ;        210 BMP 
BSF STATUS,5 
goto L1 
;**************************************** 
;this code determines how long a pin is high or low which changes the shape and 
;frequency of the waveform. 
long 
BCF PORTC,5 
;***DELAY*************** 
incf count,1  ; put a 1  into count 
movf reg,0 ;moves reg into w 
movwf DVAR2 
D 
movf amp,0 
movwf DVAR 
D1 
decfsz DVAR,F 
goto D1 
decfsz DVAR2,F 
goto D 
;************************ 
BSF PORTC,5 
movlw .33 ;stores .33 in w 
movwf literal ;moves w (.33) to literal 
movf reg,0 ;moves reg to w 
subwf literal,0 ;literal (.33) -w and stores it in the w register 
movwf DVAR2 
D2 
movf amp,0 
movwf DVAR 
D3 
decfsz DVAR,F 
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goto D3 
decfsz DVAR2,F 
goto D2 
return 
;************************************* 
;This set of code gives the proper variable quantities for a given frequency 
 
one 
movwf reg ;moves sineval input from w into the reg variable 
movlw .22 
movwf amp 
movlw .28 
movwf freq 
goto long 
 
;*************** 
five 
movwf reg ;moves sineval input from w into the reg variable 
movlw .07 
movwf amp 
movlw .150 
movwf freq 
goto long 
 
;*************** 
ten 
movwf reg ;moves sineval input from w into the reg variable 
movlw .04 
movwf amp 
movlw .30 
movwf freq 
goto long 
 
;*************** 
fifty 
movwf reg ;moves sineval input from w into the reg variable 
movlw .01 
movwf amp 
movlw .28 
movwf freq 
goto long 
 
;************************************* 
; sine table 
Sine 
 addwf PCL,1    
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 retlw        .16 
 retlw        .16 
 retlw        .17 
 retlw        .17 
 retlw        .18 
 retlw        .18 
 retlw        .19 
 retlw        .19 
 retlw        .20 
 retlw        .21 
 ;retlw        .21 
 retlw        .22 
 retlw        .22 
 retlw        .23 
 retlw        .23 
 retlw        .24 
 retlw        .24 
 retlw        .25 
 retlw        .25 
 retlw        .26 
 ;retlw        .26 
 retlw        .27 
 retlw        .27 
 retlw        .27 
 retlw        .28 
 retlw        .28 
 retlw        .29 
 retlw        .29 
 retlw        .29 
 retlw        .29 
 retlw        .30 
 retlw        .30 
 retlw        .30 
 retlw        .31 
 retlw        .31 
 retlw        .31 
 retlw        .31 
 retlw        .31 
 retlw        .31 
 ;retlw       .31 
 retlw        .31 
 retlw        .31 
 retlw        .31 
 retlw        .31 
 retlw        .31 
 retlw        .31 
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 retlw        .31 
 retlw        .31 
 retlw        .31 
 ;retlw        .31 
 retlw        .31 
 retlw        .31 
 retlw        .30 
 retlw        .30 
 retlw        .30 
 retlw        .30 
 retlw        .29 
 retlw        .29 
 retlw        .29 
;retlw        .28 
 retlw        .28 
 retlw        .28 
 retlw        .27 
 retlw        .27 
 retlw        .27 
 retlw        .26 
 retlw        .26 
 retlw        .25 
 retlw        .25 
 ;retlw        .24 
 retlw        .24 
 retlw        .23 
 retlw        .23 
 retlw        .22 
 retlw        .22 
 retlw        .21 
 retlw        .21 
 retlw        .20 
 retlw        .19 
 ;retlw       .19 
 retlw        .18 
 retlw        .18 
 retlw        .17 
 retlw        .17 
 retlw        .16 
 retlw        .16 
 retlw        .15 
 retlw        .14 
 retlw        .14 
 ;retlw       .13 
 retlw        .13 
 retlw        .12 
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 retlw        .12 
 retlw        .11 
 retlw        .10 
 retlw        .10 
 retlw        .09 
 retlw        .09 
 retlw        .08 
 ;retlw       .08 
 retlw        .08 
 retlw        .07 
 retlw        .07 
 retlw        .06 
 retlw        .06 
 retlw        .05 
 retlw        .05 
 retlw        .04 
 retlw        .04 
 ;retlw       .03 
 retlw        .03 
 retlw        .03 
 retlw        .02 
 retlw        .02 
 retlw        .02 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 ;retlw       .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 ;retlw       .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .01 
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 retlw        .01 
 ;retlw        .01 
 retlw        .01 
 retlw        .01 
 retlw        .02 
 retlw        .02 
 retlw        .02 
 retlw        .03 
 retlw        .03 
 retlw        .04 
 retlw        .04 
 ;retlw        .04 
 retlw        .05 
 retlw        .05 
 retlw        .06 
 retlw        .06 
 retlw        .07 
 retlw        .07 
 retlw        .08 
 retlw        .08 
 retlw        .09 
 ;retlw        .09 
 retlw        .10 
 retlw        .10 
 retlw        .11 
 retlw        .12 
 retlw        .12 
 retlw        .13 
 retlw        .13 
 retlw        .14 
 retlw        .14 
 ;retlw        .15 
 retlw        .15 
 retlw        .15 
 clrf count 
 retlw        .15 
 
 ; gives a no processing command to move rest of code to page 1 
nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
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 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 

 44



 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
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 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 

 46



 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 

 47



 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
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 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
 nop 
  
  
 
 
 
 
 
;****************Page 1************ 
; this part of the code outputs a NSR waveform if the following pins are high C0, 
B0-B2 or switches to page 0 if C1-C4 are high. 
 
 Loop2 
 clrw 
 TRIS PORTB      
 TRIS PORTC ;sets portB and portC to output 
 BSF PORTC,0 
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 BSF PORTC,1 
 BSF PORTC,2 
 BSF PORTC,3 
 BSF PORTC,4 
 BSF PORTB,0 
 BSF PORTB,1 
 BSF PORTB,2 
 
;****************** 
 movf count,0 
 BTFSS PORTC,0 ; 40 BMP 
 call ECG 
 BTFSS PORTC,0 ;        40 BMP 
 call forty 
 BTFSS PORTB,2 ;        70 BPM 
 call ECG 
 BTFSS PORTB,2 ;        70 BPM 
 call seventy 
 BTFSS PORTB,1 ;        130 BMP 
 call ECG 
 BTFSS PORTB,1 ;        130 BMP 
 call onethirty 
 BTFSS PORTB,0 ;        210 BMP 
 call ECG 
 BTFSS PORTB,0 ;        210 BMP 
 call twoten 
 BSF STATUS,5 
 BTFSS PORTC,4 ;1 Hz 
 BCF STATUS, 5  
 BTFSS PORTC,3 ; 5 Hz 
 BCF STATUS, 5 
 BTFSS PORTC,2 ; 10 Hz 
 BCF STATUS, 5 
 BTFSS PORTC,1 ; 50 Hz 
 BCF STATUS,5 
 goto Loop2 
;************* 
;this code determines how long a pin is high or low which changes the shape and 
;frequency of the waveform.  
long2 
 BCF PORTC,5 
 ;***DELAY*************** 
 incf count,1  ; put a 1  into count 
 movf reg,0 ;moves reg into w 
 movwf DVAR2 
 DL2 
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 movf amp,0 
 movwf DVAR 
 D12 
 decfsz DVAR,F 
 goto D12 
 decfsz DVAR2,F 
 goto DL2 
 ;************************ 
 BSF PORTC,5 
 movlw .33 ;stores .33 in w 
 movwf literal ;moves w (.33) to literal 
 movf reg,0 ;moves reg to w 
 subwf literal,0 ;literal (.33) -w and stores it in the w register 
 movwf DVAR2 
 Dd2 
 movf amp,0 
 movwf DVAR 
 D32 
 decfsz DVAR,F 
 goto D32 
 decfsz DVAR2,F 
 goto Dd2 
 return 
 
;*********** 
; This set of code gives the proper variable quantities for a given rate 
 forty 
 movwf reg ;moves sineval input from w into the reg variable 
 movlw .100 
 movwf amp 
 movlw .75 
 movwf freq 
 goto long2  
 
;*************** 
 seventy 
 movwf reg ;moves sineval input from w into the reg variable 
 movlw .60 
 movwf amp 
 movlw .40 
 movwf freq 
 goto long2 
  
;*************** 
 onethirty 
 movwf reg ;moves sineval input from w into the reg variable 
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 movlw .30 
 movwf amp 
 movlw .100 
 movwf freq 
 goto long2 
 
;*************** 
 twoten 
 movwf reg ;moves sineval input from w into the reg variable 
 movlw .19 
 movwf amp 
 movlw .50 
 movwf freq 
 goto long2 
 
;*********************** 
;NSR waveform table 
 
 ECG 
 addwf PCL,1     
 ;first triangle (small) 
 retlw .28 
 retlw .28 
 retlw .27 
 retlw .27 
 retlw .26 
 retlw .26 
 retlw .26 
 retlw .26 
 retlw .26 
 retlw .26 
 retlw .27 
 retlw .27 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
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 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28        ;2nd triangle (big) 
 retlw .27 
 retlw .23 
 retlw .21 
 ;retlw .19 
 ;retlw .19 
 retlw .19 
 retlw .21 
 retlw .23 
 retlw .27 ; negative part 
 retlw .28 
 retlw .29 
 ;retlw .31 
 retlw .29 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28  
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28  
 retlw .28 
 retlw .28 ;3rd triangle small 
 retlw .27 
 retlw .27 
 retlw .26 
 retlw .26 
 retlw .26 
 retlw .26 
 retlw .25 
 retlw .25 
 retlw .25 
 retlw .25 
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 retlw .25 
 retlw .25 
 retlw .25 
 retlw .25 
 retlw .26 
 retlw .26 
 retlw .26 
 retlw .26 
 retlw .27 
 retlw .27 
 retlw .28 ;flat line 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
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 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
 retlw .28 
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 retlw .28 
 clrf count    
 retlw .28 
 
 end 
 end 
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