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ABSTRACT

Finding the most suitable and non-invasive way for recording

the chick embryo's heart rate is the principal objective of this re-

search. The primary rationale for this project is to develop an ani-

mal model for evaluating the effects of physical or chemical agents

on normal fetal development, to hopefully reveal potential causes

of spontaneous abortion and genetic disorders.

The heart rate of the chick embryo has been recorded in the past
. .

t h
. .

1 t d 12,24 h
.

1 d 8,9
uSlng varlOUS ec nlques - mlcroe ec ro es, c emlca compoun s,

ultrasound15 and others. In this research, a determination of the

chick embryo's heart rate was performed using a light-reflective

system. This technique was developed to minimize the effects of

environmental influences on the embryo's heart rate. A stable model

is essential if this model is to be used to assess the influence of

different factors on the development of the embryo's heart.
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INTRODUCTION

Alterations in the normal development of the human embryo/fetus

can cause spontaneous abortion or malfunctioning in the principal

organs of the embryo/fetus. One system particularly susceptible to

early environmental influences on the fetus is the cardiovascular

system. By recording the fetus or embryo's heart rate a determina

tion of abnormal fetal or embryonic development may perhaps be made.

For this study, a teratogenic model with a development similar to

that of the human embryo/fetus will be used. The model chosen for

this experiment is the chick embryo, shown in figure 1.

Development of the chick embryo's heart has been the subject

of numerous studies during the past 50 years. Most of these studies

have been qualitative in nature; however, during the past 10 years,

quantitative indices of cardiac function have been obtained.l The

most common technique for recording heart rate has been to visually

observe the beating heart. This technique requires opening of the

egg and exposing the embryo to a foreign environment. The altering

of the embryo's natural environment will affect the function of its

organs; temperature, humidity, microorganisms, chemical contaminants,

and oxygen/carbon dioxide content will certainly influence the de

velopment of the embryo. Therefore, recordings should be made in

such a way as to minimize these environmental factors.

During the past 2 years, some researchers have developed new

techniques which attempt to minimize the effects of environmental

factors on heart rate. However, these new techniques don't provide
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a reliable, quantitative measurement of heart rate. These studies

have generally violated one of the principles of physiological meas-

urements - Kelvin's law, which states that the measuring instrument

should not affect the event being measured.

A new method that more closely obeys Kelvin's law and also

minimizes the influence of external environmental factors is de-

scribed in this report. This method is based on a light-reflective

heart beat detection system.

REVIEW OF LITERATURE

The Need for an Animal Model to

Study the Physiological Development of the Heart

The cardiovascular system is one of the first organ systems of

the embryo to physiologically mature. This system is essential for

the continued well being of the embryo and fetus. Early spontaneous

abortions in humans can be caused by a malfunctioning of this.

Spontaneous abortion, also called miscarriage, is defined by

the World Health Organization as a premature delivery of a non

viable fetus before the 28th week of gestation.2 The incidence of

spontaneous abortion during early pregnancy has been estimated as

10%, but this percentage is probably much higher since many early

abortions are not detected or are manifested as delayed menstrua-

to
3

lon. Some studies realized by Sentrakul and Potter, show that

12.3% of all pregnancies ended in abortion before 20 weeks of
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gestation. Most likely from 15 to 20% of all pregnancies terminate

in spontaneous abortions; this is about 300,000 miscarriages occurring

each year in the United States.2
The percentage of spontaneous abortion increases with age.2

Also, spontaneous abortion is more common during the first weeks of

pregnancy and decreases appreciatively as the gestational age in

creases.5,6
The causes of spontaneous abortion are often multiple and in-

clude both fetal and maternal factors. A specific reason for spon-

taneous abortion cannot always be established because of the diffi

culty in analyzing all causative factors.3 The most common factors

causing spontaneous abortion can be enumerated as follows:

5 14
a) Abnorma 1 iti es in the ovum and sperma tozoa.

'

b) Chromosomal abnormalities of many different types: abnormal
meiosis, translocation of genes.

c) Congenital disorders (enumerated in table 1),7 and

d) Such others influencing factors as: teratogenic factors
(radiation, viruses, chemicals), maternal diseases, in
fections, endocrine defects, abnormalities in endocrine
organs and others.

All these factors can cause abnormalities in the normal develop-

ment of the human embryo/fetus, and may cause malfunctioning in the

principal organs of the embryo/fetus. Some of these factors and

genetic disorders may affect the development of the heart of the

embryo/fetus. As shown in table 2, cardiac defects are present in

approximately 0.5% of all births.7 By monitoring heart rate of the

embryo/fetus, the effects of radiation, chemicals and other poten-

tial teratogenic factors may possibly be detected. Since teratogenic
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Table 1*

Frequency of Selected Genetic Disorders

Genetic type

I. Single gene

Number per
million births

17412

II. Chromosomal abnormalities 5000

- Cardiac defects

30000

5000

4200

850000

III. Complex malformations

IV. Incompatibilities

V. Polygenic traits

*

Maternal and Child Health Practices, p. 290.

experiments cannot be performed in humans, suitable animal models

must be developed for experimental studies.

Chick Embryo Model for Heart

Rate Recording

The domestic chick embryo, in figure 1, is readily available

and relatively accessible for experimentation. Being a higher ver-

tebrate, its cardiac physiology is comparable with that of humans,

particularly during the embryonic stages of development of the car-

diovascular system. Compared to other experimental animals, the

chick embryo is a relatively simple teratogenic model.

In developing a physiological measurement system to record

heart rate, Kelvin's law has to be strictly obeyed; that is, the



Figure 1

Chick Embryo

5
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measuring instruments must have minimal effect upon the event being

measured (i.e., heart rate of the chick embryo). Many researchers

have recorded the chick embryo's heart rate. However, these investi-

gators have used methods which violate the principle of Kelvin's law.

Techniques that have been used to measure heart rate, include:

a) The Hamburguer and Hamilton technique: This procedure in

volves opening the shell of the egg and introducing a micropipete

into the veins; injecting parafin oil and then recording heart rate

using a Bolex Reflex Camera.1 ,10,11 This technique has been used

by researchers to determine the effects of typan-blue, isoproterenol

and other teratogenic agents on heart rate.8,g In this model, the

recordings are affected by external environmental factors and the

insertion of instruments into the embryo.

b) Microelectrodes technique: This method uses 25 �m diameter .

microelectrodes inserted into the embryo to record the electrocardio

gram (figure 2).12,24 In Hunter's studies, approximately half of

Figure 2

Microelectrodes Connected Inside the Embryo
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the embryos died during the instrumentation or within seven days

following instrumentation, thus one can reasonably postulate that

the heart rate was affected by this procedure.

A variation of this technique consists in placing the micro

electrodes in the amniontic fluid surrounding the embryo (figure 3).

This technique is non-invasive, but an electrocardiogram cannot be

recorded because of the extremely small level of electrical signal,
26

< 2 � volts.

Figure 3

Microelectrodes Placed Outside the Embryo

c) Ultrasonic radiation: This is a non-invasive procedure,

that uses a pulse-echo mode of recording.15 However, this technique

subjects the embryo to total body radiation. Some studies have

demonstrated that this type of radiation may possibly affect the

heart of the embryo and damage some endothelial and red blood

cells.16,17
This project was directed toward finding a technique to meas

ure heart rate which does not violate Kelvin's law or in itself
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causes teratogenic effects.

PHOTOPLETHYSMOGRAPHY TECHNIQUE FOR

MONITORING CHICK EMBRYO'S HEART RATE

Photoplethysmography is a simple, non-invasive technique for

studying peripheral circulation in human subjects.18 The technique

is based detecting a difference in the intensity of transmitted or

reflected light as blood flows through a subject's finger (figure 4

(a)). A light source and a phototransistor can be placed either in

a backscattered (figure 4(b)) or transilluminated mode at the re-

cording site. The emitted light is absorbed, reflected and scattered

by the vascular bed with a small fraction of the emitted light re

ceived by the photodetector.19 Blood volume changes in the vascular·

bed producing variation in the incident light measured by the photo

detector; thus permiting the detection of the pulse. This technique

is shown in figure 10(a); the emitter here is a LED gallium arsenide

infrared emitting diode and the detector is a silicon phototransis

tor.20 Since the amount of absorption of light by the hemoglobin

and oxyhemoglobin will influence the light intensity received by the

photodetector, it is important to restrict the emission of light

between 600 and 805 nanometers (range of light absorption for blood).19
It was postulated that this technique could be used to measure

the heart rate of the chick embryo. For this application, a small

opening must be made in the shell in the vicinity of the air sac
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a

emitter\ /etector
i I

\ I
I

b

Figure 4

Photoplethysmography Technique

a) LED-transistor photoplethysmograph in humans

b) Backscattered mode

and a fiber optic and photodetector positioned perpendicular to the

embryo (figure 5). The photoelectric detector, which is designated

to measure the amount of light absorbed by changing its internal

resistance,2l will detect the backscattered light intensity which

should change as the chick embryo's heart beats. To minimize noise

associated with ambient light, a detector should be selected which

is sensitive to those wavelengths most affected by blood (600-805

NM) .

19
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emitter detector

Figure 5

Photoplethysmography Technique in Eggs

MATERIALS AND METHODS

Approximately 250 fertile white leghorn chicken eggs were used

in this study. The eggs were incubated at 37.5°C and 50-55% relative

humidity. The period of incubation varied from 72 hours to 168 hours

and heart rate recordings were obtained at 3, 4, 5, 6 and 7 days. A

standardized technique was used in opening all eggs; 1 cm diameter

hole was created in the shell and and shell membrane.22

First Design Approach

In initial studies, a fiber optic guide (diameter = 0.64 mm2)
was used to transmit light23 and a germanium infrared photodiode

was used as the sensing element. A filter was placed over the

end of the fiber optic guide to provide a cold, red/infrared light

source. Cold light was used to avoid any heating of the embryo
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and subsequent alteration of heart rate. (Appendix 1 shows the

characteristics of the fiber optic and light source used.)

A 1 mm diameter germanium infrared photodiode was used as a

detector. This transducer was sensitive to wavelengths of light be

tween 800 nm to 1800 nm. As shown in Appendix 2, the sensitivity of

this device is 50% at 800 nm.

The set up for this light-reflective system is shown in figure

5 and the circuitry used to process the signal obtained by the in

frared germanium detector is shown in Appendix 2 (see photoconductive

diagram). The output signal was displayed on an oscilloscope. Un

fortunately, heart rate could not be detected using this method

(around 30 eggs were used). The signals that were recorded, figure

6, consisted of 60 Hz noise.

The possible causes for failure of this technique were that:

- The filter used for the fiber optic was inappropriate and

blocked infrared radiation.

- The sensitivity of the detector in the 600-800 nm range was

too low to detect changes in reflected light from the embryo.

- Electrical noise was too high compared to the amplitude of

the signal.

Second Design Approach

After the failure of the first design, a second attempt was

made, using a commercially available transducer. This is the same

technique that is used for LED-transistor photoplethysmography in



2 4 6 8

Seconds

Figure 6

60 Hz Noise Recorded Using Fiber Optic

Germanium Detector Design

humans.20 The emitting element was an 'XC-880 gallium aluminum ar

senide infrared emitting diode. The output peak is centered around

880 nm (Appendix 3-A). The detector used was the T1L414 infrared

NPN silicon phototransistor, with high photosensitivity (Appendix

3-8). To simplify orientation of the emitter and detector, these

devices were attached together separated by a plastic tubing (figure

7-a).

Two methods were used to position this transducer relative to

the chick embryo. The first technique, shown in figure 7-b uses a

set of moveable wires to physically hold and allow movement of the

12
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a

b

Figure 7

a- Emitter-Detector Attachment

b- Recording Technique Using Moveable Wires

transducer (similar to the wiring used to cover the champagne bottles).

The second method for positioning the transducers is shown in

figure 8. Here the transducer is attached to a moveable alligator

clip (wrapped with a rubber tubing to provide electrical insulation).
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This technique provided the stable method to control positioning of

the transducer.

The transducer (emitter-detector) was oriented perpendicular to

the embryo and positioned very close to it to obtain the best results.

SIGNAL PROCESSING

Two separate circuits were used in the measurement system - one

for the emitter and one for the detector (Figure 9). For the XC-880-

A, a 75 � in series with the emitter is necessary to limit the current

to less than 60 mA (Appendix 3). Since the input voltage is 5 V-dc,

the current will be (I) ; 50 mAo

Taking into consideration the electrical characteristics of the

T1414 infrared phototransistor (Appendix 3) and the necessity to am-

plify the small signal obtained from the change in light reflection,

a differentiator circuit was used. This circuit is good for wave

k· h
.

t of detectl·on.27 Th h t· t· fpea lng or wave-s aplng ype e c arac erlS lCS 0

input and output voltages of this circuit are shown in figure 10.

The gain of 33 was selected and it proved to be enough to provide a

suitable signal associated with the chick embryo's heart beat. Be-

sides a differentiator circuit, a differential amplifier could also

be used to process the signal.

The output signal from the differentiator was displayed on an

oscilloscope. Later a high-pass filter was added to eliminate 60 Hz

noise.
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A diagram of the experimental set up is presented in figure 11.

DC POWER SUPPLY

EMITTER

+5V.

SI GNAL
PROCESS.

DETECTOR

FILTER
0-20 db

Figure 11

Experimental Set Up

RESULTS

Experimental Studies

First, experimental studies were conducted to record chick em-

bryo's heart rate - proving the functionality of the second design.

Experimental studies were conducted as follows:

* The transducer was first used in humans to prove that it could

pick up digital pulses. The result, a large signal (600 mV ampli

tude), was easily recorded (figure 12).
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(10-3)Volts
600

300

o

-300

-600

2 4

Seconds

6 8

Figure 12

Human Heart Rate Using Second Design

* Next, recordings were obtained with the egg located outside

the incubator, with the membrane surrounding the embryo removed and

without the signal being filtered (figure 13). It became apparent

that transducer positioning was critical in these studies.

* Next, recording were obtained with the egg outside the incu

bator, without the membrane, but with signal filtering. The results

are presented in figure 14. The filter removed noise from the sig

nal and thereby improved the signal to noise ratio.

* Finally, recordings were made with the membrane covering the

embryo and with eggs either outside or inside the incubator. The

recorded signals are shown in figure 15 (a) (unfiltered) and figure
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o

-300

-600

2 4 6 8

Seconds

Figure 13

Experimental Recording Without Signal

Filtering, Outside the Incubation

15 (b) (fil tered) . It was found that the embryoni c membranes de

creased the amount of reflected light to about half. So, the signal

amplitude obtained with the membrane was.approximately half of that

obtained without the membranes intact. Since the membranes help

protect the embryo from external environment, the recordings were

always attempted first with the membrane intact and then with the

membranes removed if the first recordings were unsuccessful.

The protocol used in these studies is outlined below:

* Eggs were moved outside the incubation and opened by the win-

dowi hn i
22

OWl ng tec rn que.



21

Volts

1.4 I

o

0.7

-0.7

-1. 4

1 2 3 4

Seconds

Figure 14

Experimental Recording with Signai Filtering

Outside the Incubator

* Eggs were placed back inside the incubator.

* The transducer and circuitry were moved inside the incubator.

* The transducer was oriented perpendicular to the embryo (figure

8) .

* The transducer was positioned over the embryo until a signal

was obtained on the oscilloscope. (If the signal could not be ob-

tained, the membranes covering the embryo were removed).

* Determination of the heart rate was performed immediately

after and ten minutes after the signal was first obtained.
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Recordings were made on embryos of the following ages: (78-83)

hours (:::3 day-old) embryos, (100-105) hours (:::4 day-old) embryos,

(124-129) hours (:::5 day-old) embryos, (149-154) hours (:::6 day-old)

embryos, and (173-178) hours ( 7 day-old) embryos. Every recording

obtained came from a different embryo.

Table 2 presents the data recorded in this study: the number

of embryos used, the heart rates measured with and without the mem

branes covering the embryo and the average heart rate for each age

group of embryos. Figures 16 through 20 illustrate typical signals

that were recorded.

Many times the results were not as clear as others because some

times artifacts were induced mainly by the movement of the embryo

(figure 21). Table 3 presents the average heart rate for each age

group of embryos after 10 minutes of recording. The results show a

linear increment in heart rate as a function of embryo age.

DISCUSSION

Tables 2 and 3 show the results obtained in this research. From

these tables of results and from the way the recording were made,

some of the advantages and disadvantages using the light (infrared)

reflective technique can be discussed.

The results obtained using light-reflective technique can be

compared with the results obtained using microelectrodes (Figure 22).

With microelectrodes, only one egg was used to record the heart rate



Table 2

Data of Chick Embryos' Heart Rate (Beats Per Minute)
--- -

Embryo 3 day-old 4 day-old 5 day-old** 6 da,l'-old 7 day-old
-

Number wi th without will without with wIthout with wi thout
membranes membranes membranes membranes without membranes membranes membranes membranes membranes

Ini t. After Init. After Ini t. After Ini t. After Initial After Ini t. After Init. After Init. After Ini t. After
)ecord. 10 min. Record. 10 min. Record. 10 min. Record. 10 min. Recording 10 minutes Record. 10 min. Record. 10 min. Record. 10 min. Record. 10 min.

1 108 114 99 96 144 144 140 140 168 192 192 221 190 190 225 228 204 216

2 108 111 96 96 146 146 156 156 180 186 192 204 221 216 220 224 216 216

3 112 114 90 90 157 160 146 152 176 180 204 209 204 204 228 234 216 220

4 111 111 105 96 156 156 140 144 192 188 204 204 185 190 228 240 216 ! 204
:

5 105 107 105 93 - - - - 192 196 - - 204 200 234 240 216 216

6 - - - - - - - - 192 192 - - - - - - - -

Avg. of
Heart
Ra te 109 111 99 94 151 152 146 148 183 189 198 210 201 200 227 233 214 214

**

Studies without the membranes were the only ones done in 5 day-old embryos.

N
+::>
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-3
(10 )Volts

-150

1 2 43

Seconds

b

150

75

o

-75

1 2

Seconds

3 4

Figure 16

3 day-old Chick Embryo's Heart Rate Recordings

a - with the membrane, filter cut off at 20 Hz
b - without the membrane, filter cut off at 20 Hz
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1 2

Seconds

3 4

b

1 2

Seconds

3 4

Figure 17

4 day-old Chick Embryo's Heart Rate Recordings

a - with the membrane, filter cut off at 20 Hz

b - without the membrane, filter cut off at 20 Hz
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75

o

-75

1 2 3 4

Seconds

Figure 18

5 day-old Chick Embryols Heart Rate Recording
(without the membrane)
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(10-3)Vol s a

150

75

0

-75

-150

1 2 3 4

Seconds

(10-3)Volts b

150

75

0

-75

-150

1 2 3 4

Seconds

Figure 19

6 day-old Chick Embryo IS Heart Rate Recording

a - with the membrane, filter cut off at 20 Hz

b - without the membrane, filter cut off at 20 Hz
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1 2

Seconds

3 4

(10-3)Volts
150

b

o

75

-75

-150

1 2 3 4

Seconds

Figure 20
7 day-old Chick Embryo's Heart Rate Recording

a - with the membrane, filter cut off at 20 Hz
b - without the membrane, filter cut off at 20 Hz
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(10-3)Votts
150

o

75

-75

-150

1 2 3 4

Seconds

Figure 21

Artifacts

as a function of embryo age.24 With light-reflection, a different

embryo was used in every recording as a function of embryo age. As

shown in figure 22, using microelectrodes a better and more accurate

heart rate recording was obtained. The principal reason for the low

heart rate output using light (infrared)-reflective techniques was

the cooling down of the embryo due to the opening of the incubator

door. Figures 23 shows the effect of opening the incubator door for

24
only 60 seconds. Since the incubator door was opened several times
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Table 3

Average of Heart Rate

(After 10 minutes of recording)

3

4

With Membrane
(BPM)

111

152

Without Membrane
(BPM)

94

Days Old

7

210

233

148

189

200

214

5

6

235
/0
/

210 0 /

/

185
/

Heart /
Rate /'
(BPM) /160

/'
./

135 /
/
/

llO /.

70 95 120 145 170

Incubation Time(Hrs.)

Figure 22

Heart Rate vs. Incubation Time

Using microelectrodes
-- - Using light-reflective technique



HR
(BPM)

230

32

250

--1 �.-.
\._,/

210

144 146 148 150 152

Incubation Time(Hrs.)Figure 23

Effect of Opening Incubator Door

(60 seconds)

to position the transducer at the right place (to be able to obtain

the recordings), the heart rate of the embryo was 30 or more beats/

minutes less than the normal rate. To illustrate this problem bet-

ter, figure 24 shows the change in heart rate as a function of the

change of temperature in the incubator. From this graph, a decrease

in temperature decreases the heart rate of the chick embryo. When a

recording was obtained, the incubator temperature had dropped from

37.5°C to around 34°C; so, the results obtained were greated affected

by the changes in temperature.



Heart
Rate
76 hr.155
embryo
(beats/
mi n. )

33

165

145

Temperature (QC)

Fi gure 24

Effect of Incubation Temperature on Heart Rate

Positioning the transducer at the right place was a problem

found in 3 and 4 day-old embryos. Only one out of five embryos I

heart rate were recorded. This was mainly due to the size of the

embryo in comparison to the size of the transducer. Figure 25 shows

a possible reason for this problem. In figure 25-a, the transducer

is placed perpendicular to the embryo; the range of reflection is

too big and covers the entire embryo; the recordings cannot be ob-

tained because the difference in intensity of reflected light from

the embryo's vessels cancels out due to total body reflection (being

detected by the infrared phototransistor. The way to obtain the
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recordings for younger embryos is shown in figure 25-b, where the

transducer was placed at one side away from the embryo and very close

to the amniontic fluid surrounding the embryo. In this way, only

one portion of the embryo's vessels is reflected back to the transis-

tor, making possible the recording of the heart rate. This problem

didn't affect older embryos (6 or 7 days old), where the range of

detection of the transducer only covered one portion of the embryo

(fi gure 25-c).
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Figure 25

Range of Detection by the Infrared Transistor

a and b - 3-4 day-old embryos

c 6-7 day-old embryos
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To obtain a clear and readable signal, the transducer had to be

very close to the embryo. Due to this fact, an artificial membrane

was not used, making impossible an effective O2, CO2 and water vapor

exchange. Also, the transducer used was not sterilized, being a

possible source to cause infection.

Taking in consideration effects of all the factors mentioned

above (temperature changes, lack of artificial membrane, no sterili

zation), the chick embryos' heart rate recordings were available for

a limited time, before they dried out - dying eventually. So, a

continuous recording for several days, using the same embryo, was

difficult to obtain. These effects are shown for a 7 day-old embryo

in figure 26, where the heart rate stayed fairly constant the first

20 minutes, but dropped 32 beats/minute in one hour and 32 beats/min

ute more in the next 2 hours.

CONCLUSIONS

The light-reflective technique, for recording the heart rate

of chick embryo, obeys Kelvin's law better than any other method of

recording; but some adjustments need to be made in order to decrease

the external environmental factors (temperature, sterilization, dry

ness of the embryo).

Some improvements are enumerated as follows:

* Attach to transducer a colu�meter to reduce the area of re

flection to a very small spot of the embryo. This eliminates the
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Figure 26

Heart Rate as a Function of Incubation Time (7 day-old embryo)

a) At 10 minutes; heart rate = 237 BPM

b) At 1 hour; HR = 205 BPM
c) At 3 hours; HR = 174 BPM
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problem presented in figure 23 for detecting the signal in a shorter

time for younger embryos (3-4 days old).
* Use of a thermally sealed incubator to decrease the effects of

temperature changes on heart rate (figure 22).
* Use of an artificial, transparent membrane or an artificial

membrane adapted with a col�lmeter to provide 02' CO2 and water vapor

exchange.

All these improvements may possibly help to obtain better re

cordings of the same embryo for several days. So by using these im

provements a more reliable data may possibly be obtained to be used

as a base model for future studies.

This research was restricted for recordings obtained in a

backscattered mode; future studies may use a trans-illuminated tech

nique (placing the emitting source on the bottom of the egg).

This new method for recording the heart rate of the chick embryo

could be used to study the effects of drugs and radiation on the

embryo's heart. For example, this technique may be used to determine

the effects of ultrasonic radiation in the chick embryo's heart, in

order to determine a more reliable data regarding the effects of

25
ultrasound.
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Q®Flexible
Light Guides

TYPICAL TRANSMISSION CURVES FOR
STANDARD LIGHT GUIDES

Standard Single Light Guides
AO flexible light guides carry light around bends and

corners to provide illumination precisely where it is required.
Light guides are particularly useful in illuminating remote or

inaccessible areas that are normally difficult or impossible
to inspect. They can be used to transmit signals or sense
light, and are also useful in detection and control systems.

American Optical manufactures light guides in a range of

lengths and diameters. A new, larger diameter light guide,
the LGM-4, is protected with PVC-covered steel monocoil

for added durability. All AO light guides have stainless

steel end tips.

The numerical aperture of the fiber is 0.56, and the accep
tance angle of light is 60°. Fresnel reflection and effective
fiber core account for about 30% loss at light at the ends.

Light is also attenuated in the tiber at the rate of 8% per toot.

AO light guides transmit through the visible spectrum as

shown in Figure I, and in the near infrared out to a wave

length of 1.5 microns, including the critical 900 NM region.
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Branch Light Guides
AO can supply standard two-branch light guides for use in

applications where the subject must be illuminated from

two directions to eliminate shadows. Branches are joined
at a common end, designed for insertion into the AO II-SO
Illuminator. Light guide branches are available in lengths
of 18': 24" and 36". Branches are protected with flexible

gooseneck type sheathing that can be pre-formed to meet

a wide variety of positioning requirements.

400 500 600 700

WAVELENGTH (NANOMETERS)

Special Light Guides
Custom light guides can be designed and fabricated

according to customer specifications, including diameter,
length, end tip configuration and type of sheathing.

{
Ultraviolet Transmitting Light Guides
UV light guides are used when it is necessary to transmit

UV light down to about 350 NM. The numerical aperture is

0.44. UV light guides are available in the same sizes as the

standard LGM light guides.
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End Tip Diameters
Fiber

Bend Bundle Tip
Cat. Number Sheathing Radius Max. 0.0. Tip 0.0. 0.0. Length

LGM-1 PVC 3/8 in. 0.032 in. 0.032 In 0.02 in. 0.38In.
9.5mm 0.81 mm 0.81 mm 0.5mm 9.5mm

LGM-2 PVC 5/8 in. 0.160 in. 0.110in. 0.062 in. 0.5 in.
15.9 mm 4.0mm 2.8mm 1.9mm 12.7 mm

LGM-3 PVC 3/4 in 0.250 in. 0.167 in. 0.125 in 0.5 in.
19.0 mm 7.9 mm 4.2mm 3.2mm 12.7 mm

LGM-4 PVC/Mono 1-1/2 in. 0.375 in. 0.250 in. 0.177in. 0.5 in.
38.1 mm 9.5mm 6.3mm 4.5mm 12.7 mm

LGM-S PVC 1-1/2 in. 0.406 in. 0.316 in. 0.250 in. 0.5 in.
31.7 mm 10.3 mm 8.0mm 6.4 mm 12.7 mm

Standard Lengths Available _

Inches 12 24 36 48 60 72
CM 30.5 61.0 91.4 121.9 152.4 183.0

For ACMI style end fitting. order with #402119 end tip (1). Tip 0.0. is 0.299 in (7.6 mm), tip length is 0.320 in. (81 mm)

Image Conduit
AO.e) image conduit transmits an image from one end of a rigid
fiber optic rod to the other end. The image is displayed on the
face of the rod.

Image conduit can be bent in almost any shape to fit almost any
space requirement. The small diameter fibers can be bent to

very small radii with a minimum loss of light transmission. Bend
It as you would any other glass rod by heating over a Bunsen
burner or in a glass oven while applying pressure.

Image conduit is supplied with ground and polished ends.

In addition to the sizes listed here. custom lengths and cross

sections can be manufactured to customer specifications.

Cross Sec. Fiber Size Length
Cat. Number (inches) (microns) (inches)

IC-50-6 1/16 round (1 6 mm) 25 6(152cm)

IC-50-12 1/16 round (1.6 mm) 25 12 (30 5 ern)

IC-100-6 1/8 round (3.2 mm) 50 6(15.2cm)

IC-100-12 1/8 round (3.2 mm) 50 12 (30.5 ern)

IC-200-6 1/4 round (6.35 mm) 100 6 (15.2 em)

IC-200-12 1/4 round (6.35 mm) 100 12 (30 5 em)

Clad Rod
Rigid clad rod is the simplest and most economical form of fiber

optics for light transmission.

The rods are used to isolate or remotely locate photosensors
and light sources.

Clad rod is supplied with ground and polished ends and can be
bent with heat.

Custom diameters and lengths can also be fabricated.

Diameter Length
Cat. Number (inches) (inches)
CR-OS-6 1/16(1.6 mm) 6 (15.2 em)

CR-OS-12 1/16(1.6 mm) 12 (30.5 em)

CR-1-6 1/8 (32 mm) 6(15.2em)

CR-1-12 1/8 (3.2 mm) 12 (30.5 em)

�R-2-6 1/4 (6.35 mm) 6(15.2cm)

CR-2-12 1/4 (6.35 mm) 12 (30 5 ern)

Specifications are subject to change without notice

sa LGM 1179

jlde
&alii

write or call:

_�merican Optical
SCIENTIFIC INSTRUMENT DIVISION
FIBER OPTICS· SOUTHBRIDGE, MA 01550

(617) 765-9711 Ext. 2445
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PHOTOVOLTAIC DETECTOR CIRCUIT

d

4W.AnalyzE.._______.sourcet-i-- - - -

t--IChopper Op-Amp

1) Calibrated Light Source

2) Chopper

3) Distance ( d) source to detector

4) Feedback resistor RF
5) Oscilloscope

6) Wave analyzer

-Shetland Industrial Center, Building 4 / York Street / Box 65 / Shawsheen Village Station
Andover, Massachusetts 01810 / Telephone (617) 475-5982 / Telex 94-7150 GPO ANOR
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GElliv1_ANI Ur-1 PHOTODIODES

GM Series: Photodiodes may be used in I)hotovJltaic or photoconductive
mocie . Applications include opt i.c a I commun ic a ti.o n s T op t i c a I powe r mea-

surements, spectrometers, fiber attenuation, etc.

TYPICAL ELECTRICAL CI-IAF.i\C1'ERIsrI'ICS

Type GM/4 Grv1j 6 Cl'1j7 CH/8

• �I mm 1 mm 2 rnm 3 nU:1 �) rrun

Spectral Response 1.8 um

Peak Response 1.5 urn

Responsivi t:.y -.-.---,-----.--.-

. 70 �/\\j -.- .. -.,-- .. -- .. --.------ ... - .... ----.--

Breakdown Voltage 25 V �) r:: V 20 V 20 V 20 V"- • .J

1 uA [" 1.11\ 15 Uli 30 ul\ 60 uA_)

3 pF 50 pF 80 pF 1.30 pF 2�) 0 pF

Dark Current (10 V)

Capacitance (6 V)

Temperature (Oper & Stg) -10 to +75cC -----------------

Packaqe TO-8 �rO-8

-
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TYPICAL ELECTRICAL CHARACTERISTICS AT 25°C.

Breakdown Voltage 25 V

Dark Current (@ 10 V) 1.0 uA

Capacitance (@ 6 V) 3.0 pF

N.E.P . (1. 5, 500, 1) 0.8 x 10-12 WI HZ

Cutoff Frequency 350 MHz

Rise Time 1 n sec

GERMANIUM PHOTODIODE

Specifications
Actlve dla. . 3 mm

Spectral Response . 5 - 1.8 urn

Peak Response 1.5 urn

Responsivity . 7 A/W

Temperature -10 to +75°C

TYPICAL CIRCUIT CONFIGURATIONS

.....--------------.-I;::_t--1,/' -4

�-
+
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TYPE: GM/4

'------------_.._._---___,j

ANODE MARKED RED

<--��\ ',T"-" r: c-- \ '.' \(1 ._-',_'/�:---... __

'r-\l...,., . '-.,..) '-- .. - ..»
) , i i:» .r '

.._'
'

_

-=-
- .---� _.---=----:=--:::.-_-:::----- --- -- � - -- ----

K\OTO'!cL.,b.._, c,
-_. -- _. --_. _--_-

...... ,Shetland Industrial Center, BUilding 4/ York Street / Box 65/ Shawsheen Village Station
lAndover, Massachusetts 01810 / Telephone (617) 475-5982 / Telex 94-7150 GPO ANOR
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GERMANIUM PHOTODIODE

Specifications
Active dia. Imm

Spectral Response .5 - 1.8 urn

Peak Response 1.5 urn

Responsivity .7 A/W

Temperature

-
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TYPE: GM/5

TYPICAL ELECTRICAL CHARACTERISTICS AT 25°C.

Breakdown Voltage 25 V

Dark Current ( @ 10 V) 5.0 uA

Capacitance (@ 6 V) 50 pF

N.E.P. (1. 5, 500, 1) 3.3 X 10-12 W/ HZ

Cutoff Frequency 35 MHz

Rise Time 10 n sec

--

TYPICAL CIRCUIT CONFIGURATIONS

k?�

------� ��_k�---- 1741 )------- -'0

,-
+"/

--

op AMp

J

---\�t<:'TC?_:_f <-:Tss; \ S:-

ANODE MARKED RED

-,Shetland Industrial Center, Building 4/ York Street / Box 65 / Shawsheen Vlilage Station
l<\ndover, Massachusetts 01810 / Telephone (617) 475-5982/ Telex 94-7150 GPO ANOR
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Appendix 3



A

Cat. No.
276·143 r-

The XC-88(}A is a Gallium Aluminum Arsenide super-high
output infrared emitting diode in a T· 13;' package. It

produces non-coherent IR energy at 880 nanometers. It

offers significantly improved performance over

conventional IR LEOs.

absolute maximum ratings (25°C)
Forward Voltage (at 20 rnA): 1.75V

Reverse Voltilge: 3. OV

Forward Current: 60 rnA

Reverse Current (at 3.0V): 1 O�
Power Dissipation: 100 mW

electrical characteristics (25°C)
Radiant Power Output (min.) 1 mW

Forward Voltage: 1.3V

Forward Current: 20 mA

Dispersion Angle (half-power point): 240

.20 (5.08)

� � FLAT INDICATES CATHODE

O� )1
� � r + �
.23 (5.(4) .34 (6.64) 1.0 (25.4)

MIN

lend Cross Secllon .025 (0.G4) sq.

Lecd Centers .10 (2.54) Nominal

DIMENSION IN INCHES (mm)

276·145

B

n
,

.

TIl4t4 infrared photetransistor
The TIL414 is an NPN silicon phototransistor in a T·Hl style
casco II provides high speed and high photosensitivity, suitable
for IR switching applications.

eYEMITTE�
COLLECTOR

absolute maximum ratings (25°C)
Collector-Emitter Voltage: 50V
Emitter-Collector Voltage: 7V
Power Dissipation: 50mW
Operating Temperature: -40° to +100°C

electrical characteristics (typical)
DDfk Current (V CE

= 30V): 25nA
liyht Current (VCE = 5V, Ee = 20mW/cm2): 7mA
Collector-Emitter Saturation: 0.4V
Bise Time: BpS
Fall Time: 6pS
collector-emitter saturation voltage
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