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Goniometers & Torsiometers 
• TSD130 Series • BN-GON-XDCR Series 
• SS20L-SS24L • BN-TOR-XDCR Series 
• SS20-SS24 • BN-GON-F-XDCR 

  
In the example above, the TSD130A was connected directly to a DA100C amplifier, 

the DA100C gain was set to 1,000, and AcqKnowledge was used to calibrate the 
signal to provide angular measurements from approximately +90° to -90°. 

Transducer  MP1XX (DA100C) MP3X/MP45 TEL100C  
Twin-axis Goniometer 110 TSD130A SS20L SS20  BN-GON-110-XDCR 

BN-GONIO                  

Twin-axis Goniometer 150 TSD130B SS21L SS21  BN-GON-150-XDCR 
Torsiometer 110 TSD130C SS22L SS22  BN-TOR-110-XDCR 
Torsiometer 150 TSD130D SS23L SS23  BN-TOR-150-XDCR 
Single-axis Goniometer 35 TSD130E SS24L SS24  BN-GON-F-XDCR 

BIOPAC Goniometers and Torsiometers are designed for the measurement of limb angular movement. Goniometers 
transform angular position into a proportional electrical signal. Goniometers incorporate gauge elements that measure 
bending strain along or around a particular axis. 
BIOPAC goniometers are unobtrusive and lightweight, and can be attached to the body surface using double-sided 
surgical tape (and can be further secured with single sided tape). The goniometers have a telescopic endblock that 
compensates for changes in distance between the two mounting points as the limb moves. The gauge mechanism allows 
for accurate measurement of polycentric joints. All sensors connect directly to the BIOPAC Acquisition Unit as part of an 
MP or BSL System. Activity data can be displayed and recorded, leaving the subject to move freely in the normal 
environment. 
The bending strain is proportional to the sum total angular shift along the axis. Because the bending force is extremely 
small, the output signal is uniquely a proportional function of the angular shift. 

Twin-axis Goniometers

—wrist or ankle  use TSD130A/SS20L/SS20/BN-GON-110-XDCR 

 Dual output devices that can measure angular rotation about two orthogonal planes 
simultaneously. Goniometers provide outputs to simultaneously measure around two 
orthogonally rotational axes (e.g. wrist flexion/extension and radial/ulnar deviations). 

—elbow, knee or shoulder use TSD130B/SS21L/SS21/BN-GON-150-XDCR 

Torsiometers

—neck   use TSD130C/SS22L/SS22/BN-TOR-110-XDCR 

 Measure angular twisting (as on the torso, spine or neck) as opposed to bending. Torsiometers 
measure rotation about a single axis (e.g. forearm pronation/supination). 

—along the torso or spine use TSD130D/SS23L/SS23/BN-TOR-150-XDCR 

Single-axis Goniometer
—fingers, thumb or toes use TSD130E/SS24L/SS24/BN-GON-F-XDCR 

 Measures the angle in one plane only; designed to measure digit joint movement. 
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ATTACHMENT TO THE SUBJECT 
Various combinations of display and recording instrumentation have been carefully developed fulfilling the requirements 
of specific research applications. Due to the wide range of applications, one method of attachment cannot be 
recommended. Experience has proven that standard medical adhesive tape is an excellent adhesion method in the majority 
of cases. Single-sided and double-sided medical tape (such as BIOPAC TAPE1 or TAPE2) should be used for the best 
results. 

1. Attach pieces of double-sided tape to the underside of the goniometer endblocks. 

2. Stick the tape to the subject and allow for the telescoping of the goniometer. The goniometer should be fully 
extended when the joint is fully flexed. 

3. Press the two endblocks firmly onto the subject and ensure that the goniometer is lying over the top of the 
joint. When the joint is extended, the goniometer may present an “oxbow.” 

4. For additional security, pass a single wrap of single-sided medical tape around each endblock. 

5. Secure the cable and connector leaving the goniometer with tape to ensure that they do not pull and detach the 
goniometer. 

For accurate results from long recordings 

Employ double-sided adhesive between the endblocks and skin, and place single-sided adhesive tape over the top of the 
endblocks. No tape should come into contact with the spring. The connection lead should also be taped down near the 
goniometer. 

For applications where quick or rapid movements are involved 

Fit a “sock” bandage over the whole sensor and interconnect lead. This does not apply to the finger goniometer 
(TSD130E/SS24L/SS24/BN-GON-F-XDCR), which has a different working mechanism. 

When the goniometer is mounted across the joint, the center of rotation of the sensor measuring element may not coincide 
with the center of rotation of the joint (for example, when measuring flexion /extension of the wrist). As the joint moves 
through a determined angle, the relative linear distance between the two mounting positions will change. 

To compensate for this, all sensors are fitted with a telescopic endblock that permits changes in linear displacement 
between the two endblocks along axis ZZ without the measuring element becoming over-stretched or buckled. 

In the free or unstretched position, the distance between the two endblocks is L1. 

If a light force is applied, pushing the endblocks away from each other, this length will increase to a maximum of L2. 

When the light force is removed, the distance between the two endblocks will automatically return to L1.  

This creates several advantages: accuracy is improved; sensors can be worn comfortably and undetected under normal 
clothing; the tendency for the position of the sensors to move relative to the underlying skeletal structure is reduced.  
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If a light force is now applied, pushing the two endblocks linearly towards each other, the only way the distance L1 can 
decrease in length is if the measuring element buckles. 

• Buckling is detrimental to the accuracy of the goniometer and torsiometer sensors, so attachment instructions are 
provided for the most commonly measured joints (on page 8), to ensure that it does not occur in practice. 

There is no universal rule governing which size of sensor is most suitable for a particular joint; this depends on the size of 
the subject.  
In general, the sensor must be capable of reaching across the joint so that the two endblocks can be mounted where the 
least movement occurs between the skin and the underlying skeletal structure. In certain circumstances, more than one 
size of sensor will be appropriate. 
WARNINGS 

1. Take care to handle the goniometer and torsiometer sensors as instructed. Mishandling may result in inaccurate 
data, reduced equipment life, or even failure. 

2. Observe the minimum bend radius value for each goniometer and torsiometer at all times, particularly when 
attaching and removing the sensors from the subject. Failure to do this will result in reduced equipment life or 
failure. 

3. Never remove the goniometer from the subject by pulling on the measurement element and/or protective spring. 
Remove the endblocks individually and carefully, making sure not to exceed the minimum permissible bend 
radius, particularly where the measuring element enters the endblocks. 

4. Take care when mounting goniometers to ensure that the measurement element always forms a “simple” bend 
shape. Accuracy will be reduced if an “oxbow” shape occurs in the element. 

5. Do not bend the finger goniometer more than ±20° in the Y-Y Plane or reduced equipment life and/or failure may 
result. 

6. Do not exceed rotations of ± 90° about ZZ. Exceeding the torsiometer range may result in a reduction of the life 
of the unit or failure. 

7. Disconnect the transducers from the BIOPAC Acquisition Unit before cleaning or disinfecting goniometers and 
torsiometers. 

MAINTENANCE & SERVICE 
No periodic maintenance is required to ensure the correct functioning of the sensors. 
The sensors contain no user serviceable components. 
If the sensor fails, it should be returned to BIOPAC Systems, Inc. 

• Please request a Return Merchandise Authorization (RMA) number before returning the sensor and include a 
description of what has been observed and what instrumentation was in use at the time of sensor failure in the 
return package. 

Calibration 
When using all goniometers and torsiometers, the minimum value of bend radius must be observed at all times, 
particularly when attaching and removing the sensors from the subject. Failure to do this will result in reduced unit life  
or failure. 
The sensors have been designed to be as light as possible and the operating force to be a minimum. This permits free 
movement of the joint without influence by the sensors. The sensors measure the angle subtended between the 
endblocks. Use the software calibration features (under Setup Channels) to calibrate any of the BIOPAC series 
goniometers. 
Each goniometer requires a DA100C amplifier, BN-GONIO or MP3X/45 analog input per rotational axis. Accordingly, the 
twin axis goniometers will need two DA100C amplifiers, one BN-GONIO or two MP3X/45 analog channels to 
simultaneously measure both rotational axes. The recommended excitation voltage is +5 VDC.  

1. Place goniometer with care to verify that limb/joint/torso attachment will not result in over stretch at the limits 
of limb/joint/torso movement. 

2. Put body in the first position, which brackets one end of range of movement. Press CAL 1. 
3. Put body in the second position, which brackets the other end of range of movement. Press CAL 2. 
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Specifications 

 
Part # 
MP1XX via DA100C TSD130A TSD130B TSD130C TSD130D TSD130E 
Telemetry TEL100C SS20 SS21 SS22 SS23 SS24 
MP36/36R/35/30/45 SS20L SS21L SS22L SS23L SS24L 
BioNomadix via BN-GONIO BN-GON-110-

XDCR 
BN-GON-150-
XDCR 

BN-TOR-110-
XDCR 

BN-TOR-150-
XDCR 

BN-GON-F-
XDCR 

Number of channels 2 2 1 1 1 
Measuring range (degrees) ±150 ±150 ±150 ±150 ±150 
Dimensions mm 

 A. Maximum 110 150 110 170 35 
A. Minimum 70 100 70 115 30 

 B. 60 70 60 70 18 
 C. 18 18 18 18 8 
 D. 54 54 54 54 15 
 E. 20 20 20 20 8 
 F. 9 9 9 9 5 
Bend radius (mm) – min. 18 18 18 18 3 
Weight (g) 23 25 22 23 8 
Crosstalk1 ±5% ±5% N/A N/A N/A 
Nominal Output 5 µV/degree normalized to 1 V excitation 
Temperature Zero Drift 0.15 degrees angle / °C 
Cable length 6 meters for TSD130 Series/SS20L-24L, 1.8 meters for SS20-24, 10 cm for BN-

GON/BN-TOR  
Endblock height Cable end 9.4 mm, distal end 8.2 mm 
Transducer type Strain gauge 
Life2 600,000 cycles minimum 
Accuracy ±2° measured over 90° from neutral position 
Repeatability Better than ±1° 
Analog resolution Infinite 
Operating temp range +0° to +40° C 
Storage temp range -20° C to +50° C 
Operating/Storage 
humidity range 

30% to 75% 

Atmospheric pressure range 
Operation 700 hPa to 1060 hPa 
Storage 500 hPa to 1060 hPa 

1 Specification of crosstalk for all Biometrics twin-axis SG series of goniometers is measured over ±60°. i.e., if a joint is 
moved through 60° from the neutral position in one plane without movement in the orthogonal plane, then the sensor 
output in the orthogonal plane may change by a maximum ±3°. 
2 Life test results have been collected by cycling the sensors through movements that would happen during everyday use. 
For example, placing a sensor on an adult elbow and moving from the neutral position to maximum flexion and back to the 
neutral position, the unit will function for a minimum of 600,000 cycles. 
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OVERVIEW OF THE BIOPAC GONIOMETER SERIES 
As with all measuring equipment, to correctly interpret the data, understanding the working principles (i.e., what the 
sensor measures) before use is helpful. BIOPAC Systems, Inc. manufactures three types of sensors: 

1.  
The single axis finger goniometer 
permits the measurement of angles in 
one plane. 
Angles are measured when rotating one 
endblock relative to the other about axis 
X-X. 
The goniometer is not designed to 
measure rotations about Y-Y. Any 
attempt to bend the unit in this way 
more than ± 20 from the neutral position 
will result in a reduction of the life of 
the unit or failure. 

 
The goniometer does not measure rotations about axis Z-Z, 
though this movement is permitted without reduced life or 
damage occurring. This goniometer is designed primarily for 
the measurement of finger and toe flexion/extension. 
 

2.  
The twin axis goniometers permit the 
simultaneous measurement of angles in 
two planes, e.g. wrist flexion / extension 
and radial / ulnar deviation. Rotation of 
one endblock relative to the other about 
axis X-X is measured using the gray 
plug. Similarly, rotation of one 
endblock relative to the other about axis 
Y-Y is measured using the blue marked 
plug. 

 
Assuming the goniometer is mounted correctly (as outlined here), the outputs of the two channels are 
independent of linear displacements along axis Z-Z. 
It should be noted that rotation of one endblock relative to the other around axis Z-Z cannot be measured. 
These goniometers function in the same way, and differ only in size. 
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3.   
The single axis torsiometers permit the 
measurement of rotation in one plane, 
e.g. forearm pronation/supination. 
Axial rotation of one endblock relative 
to the other along axis Z-Z is measured 
from the gray plug. 
If the torsiometer is bent in planes X-X 
or Y-Y, the output remains constant. 
All torsiometers function in the same 
way, and difference only in size. 
 
 
 

 
WARNING! 
Torsiometers measure rotations about ZZ in the range ± 90°. 
Exceeding the range may result in a reduction of the life of the 
unit or failure. 

The working mechanism is the same for 
all three types of sensors. There is a 
composite wire between the two 
endblocks that has a series of strain 
inside the protective spring gauges 
mounted around the circumference. As 
the angle between the two ends changes, 
the change in strain along the length of 
the wire is measured and this is equated 
to an angle. The design is such that only 
angular displacements are measured. 
If the two ends move linearly relative to 
each other, within the limits of telescopic 
endblock, without changing the relative 
angles between them, then the outputs 
remain constant.  

The amount of strain induced in the 
gauges is inversely proportional to the 
bend radius that the beam is bent around. 
If the stated minimum permissible bend 
radius is exceeded then unit life will be 
reduced or, in severe cases, failure may 
result.  
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SIGN CONVENTIONS 
The sign convention for certain joints will differ, depending which side of the body the sensor is attached to. The 
following figures show sign conventions for the most common joints. 
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 WRIST – Goniometer TSD130A/SS20L/SS20/BN-GON-110-XDCR  
Attach the telescopic endblock to the back of the hand, with the center axis of 
the hand and endblock coincident (top of figure — viewed in the frontal plane). 
While fully flexing the wrist (middle and bottom of figure), extend the 
goniometer to Position 2 (as shown on page 2) and attach the fixed endblock to 
the forearm so that when viewed from the dorsal plane, the axes of the forearm 
and endblock are coincident. The wrist may now be flexed or extended, 
abducted or adducted, with the goniometer freely sliding between Positions 1 
and 2. Measurement of flexion/extension is obtained from the gray plug, and 
abduction/adduction is obtained from the blue plug. 

 
ARTICULAR COMPLEX OF THE FOOT – Goniometer TSD130A/SS20L/SS20/BN-GON-110-XDCR 
Attach the telescopic endblock to the back of the heel. 
Extend the ankle to the maximum extension anticipated during measurement, 
and attach the fixed endblock to the posterior of the leg, with the goniometer in 
Position 1 (maximum length, as shown on page 2) so that the axes of the leg 
endblock are coincident. 
Flexion/extension of the ankle may now be monitored using the gray plug and 
pronation/supination using the blue marked plug. 

 
ELBOW – Goniometer TSD130B/SS21L/SS21/BN-GON-150-XDCR  
Attach the telescopic endblock to the forearm with the center axis of the 
endblock coincident with the center axis of the forearm. With the elbow fully 
extended, move the goniometer to Position 2 (maximum length, as shown on 
page 2) and attach the fixed endblocks to the upper arm, with the center of the 
endblock and the center axis of the upper arm coincident. 
Now the elbow may be fully extended with the telescopic endblock freely 
sliding between Positions 1 and 2. Measurement of flexion/extension is 
obtained from the blue marked plug, and the gray plug is redundant. Note that 
the telescopic endblock is mounted on the half of the forearm nearest to the 
elbow joint. Movements of pronation and supination may be made and will 
affect the measurement of flexion/extension by a small amount. 

 
HIP – Goniometer TSD130B/SS21L/SS21//BN-GON-150-XDCR  
Attach the fixed endblock to the side of the trunk in the pelvic region. With the 
limb in the position of reference, extend the goniometer to Position 2 
(maximum length, as shown on page 2) and attach the telescopic endblock to 
the thigh, so that axes of the thigh and endblock coincide (when viewed in the 
sagittal plane, as shown). 
The thigh may now be flexed or extended, abducted or adducted, with the 
goniometer sliding freely between Positions 1 and 2. Measurements of 
flexion/extension are obtained from the blue marked, and abduction/adduction 
from the gray plug. 
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KNEE – Goniometer TSD130B/SS21L/SS21/BN-GON-150-XDCR 
Mount the telescopic endblock laterally on the leg so the axes of the leg and 
endblock coincide, when viewed in the sagittal plane. With the leg fully 
extended in the position of reference, extend the goniometer to Position 2 
(maximum length, as shown on page 2) and attach the fixed endblock to the 
thigh so the axes of the thigh and endblock coincide. 
The knee may now be flexed or extended with the goniometer freely sliding 
between Positions 1 and 2. Measurements of flexion/extension may be 
monitored using the blue marked plug and varus/valgus may be monitored 
using the gray plug. 

 
FOREARM PRONATION /SUPINATION – Torsiometer TSD130C/SS22L/SS22/BN-TOR-110-XDCR or 
TSD130D/SS23L/SS23/BN-TOR-150-XDCR  
Attach the two endblocks of the torsiometer to the forearm, with the slider 
mechanism approximately midway between the two extremes. 
Measurements of pronation/supination may now be made from the gray plug. 
Movements of wrist flexion/extension or radial/ulnar deviation will not affect 
the output. 

 

FINGERS AND TOES –Goniometer TSD130E/SS24L/SS24/BN-
GON-F-XDCR  
The single axis goniometer is intended for use on fingers and toes. Angles 
are measured by rotating one endblock relative to the other about axis X-
X (as shown on page 2). 

The goniometer is not designed to measure rotations about Y-Y. Any attempt to bend the unit in this way more than 
+/-20° from the neutral position will result in reduced unit life or failure. The goniometer does not measure rotations 
about the axis Z-Z.  
The unit is designed to fit over the joint to be measured and has extremely high flexibility to ensure the instrument does 
not interfere with normal joint movement. One endblock is attached either side of the joint. 
Unlike other BIOPAC Goniometers and Torisometers, and “Z” series sensors, an “oxbow” shape is permitted in the 
measuring element. This is not detrimental to the results and does not reduce life of sensor. Care should be taken, 
however, that the minimum bend radius is not exceeded. 
 

 

Panel cutout 
for 9 pin 
DSUB                        
MRIRFIF or 
existing 
DSUB 9 
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SS57LA/SS57L LEAD SET FOR ELECTRODERMAL ACTIVITY (EDA) FOR USE WITH 
DISPOSABLE ELECTRODES 
The EDA Lead connects to a single input channel to record electrodermal 
activity (changes in skin conductance) or, with modified setup, skin 
resistance from two EL507 disposable EDA (isotonic gel) electrodes. 

Two pinch leads snap to the EL507 EDA electrodes and terminate in a two-
conductor shielded cable with DSub9 connector. 

SS57LA EDA Lead delivers accuracy over its specified range to within 5% 
with no calibration required.  

Biopac Student Lab Systems: requires BSL 4.1 with MP36/35/45. 

Research Systems: 

• MP36R – connect directly to a CH input 
• MP160/150 – add the DA100C amplifier (set Gain: 1000 and 

Bandwidth: DC to 10 Hz) and the TCI114 interface 
For BSL 4.1 and AcqKnowledge 4.4.1 and higher, the SS57LA is the 
recommended option. 

The SS57L is suitable for BSL 3 or MP30.  

For a reusable electrode option, see the SS3LA EDA Finger Transducer. 

Specifications  
Electrode Type:  Requires two Ag/AgCl disposable electrodes (EL507) 
Excitation:  0.5 V DC  
Range:  0.1-100 µsiemens (normal human range is 1-20 µsiemens)  
Connector Type:  9 Pin DIN 
Pinch Leads:   Red (+), Black (GND) 
Weight:  4.5 grams 
Cable Length:  2 meters 
Accuracy:   Within 5% without calibration (SS57LA only) 
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Usage Recommendations (SS57L) 

Presets - BSL PRO (and AcqKnowledge software for MP36R) includes the following EDA presets: 
• Electrodermal Activity (EDA), 0-35 Hz; requires calibration—see details below 
• Electrodermal Activity (EDA) Change; no calibration required (BSL PRO 4.0.3 and earlier only) 

To navigate to the presets in the software, choose MP > Set Up Data Acquisition (BSL 4.1) or Set Up Channels 
(BSL 4.0.3 or earlier) > Channels > and select the desired EDA preset from the Preset pop-up menu. 

Single-point Calibration for (EDA) 0-35 Hz Preset 
1. Disconnect the electrodes. 
2. Click “Setup” > “Scaling” button in the software’s EDA preset dialog. 
3. Click the Cal 2 button. 
4. Add the new Cal 2 value to the default Cal 1 value (example below left, 1000 + 31.3725 = 1031.3725) If 

the new Cal 2 value is negative, then subtract that value from Cal 1. 

 

 
Note that Cal 1 and Cal 2 values are 

reversed in software versions BSL 3.7.x 
and earlier. 

BSL 4.x and AcqKnowledge 4.x EDA Scaling Dialog BSL 3.7.x EDA Scaling Dialog 

Setup - There must be good electrical connections between the skin and the electrodes for EDA to work properly. 

Gel – It is recommended that an isotonic gel (GEL101 or equivalent) be added to the disposable electrodes to 
assure optimal skin contact.  

1. Apply a small dot of GEL to each electrode being careful not to get any on the adhesive portion. 
2. Attach the electrodes to the subject.  
3. Wait 5 minutes (minimum) before starting to record data to allow the gel to penetrate the skin.  

Tip 

 

To detect a good signal, subjects should have a little sweat on their hands (not a lot, but 
enough so that their hands are not completely smooth or cold). If subjects wash their 
hands just prior to the recording or if they have been sitting in a cold room, then they 
must do something to activate the sweat glands before beginning calibration or 
recording. If subjects begin with colder hands, the scale will be diminished and the signal 
will be easily saturated once they “warm up” during the lesson. 
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SS3LA  ELECTRODERMAL ACTIVITY (EDA) TRANSDUCER WITH REUSABLE 
ELECTRODES 

The SS3LA transducer connects to a single MP3X/45 input channel to record electrodermal 
activity (changes in skin conductance) or, with modified setup, skin resistance*. The SS3LA 
operates by applying a fixed voltage (0.5 Volts DC) across the two electrodes and then detects 
the minute current flowing between the electrodes. Because the voltage (V) is fixed, from 
Ohms Law, the conductance (G) will be proportional to the current (I): G = I/V = I/0.5 V. Circuitry in the SS3LA 
then converts the detected current to a voltage so it can be measured by the MP device. The software performs the 
necessary scaling and units conversion. Two reusable Ag-AgCl electrodes are mounted in individual, 
ergonomically designed, polyurethane housings for improved contact, attachable to the fingers by a Velcro strap. 
The electrodes have a 6 mm contact area with a 1.6 mm cavity to accommodate isotonic electrode gel (GEL101 or 
equivalent). The non-polarizable electrodes are shielded to minimize noise interference and improve recordings.  

 See the SS57L EDA Lead for a disposable electrode option 

USAGE RECOMMENDATIONS 
Presets - BSL PRO (and AcqKnowledge software for MP36R) includes the following EDA presets: 

 Electrodermal Activity (EDA), 0-35 Hz; requires calibration—see details below 
 Electrodermal Activity (EDA) Change; no calibration required (BSL PRO 4.0.3 and earlier only) 

To navigate to the presets in the software, choose MP > Set Up Data Acquisition (BSL 4.1) or Set Up Channels 
(BSL 4.0.3 or earlier) > Channels > and select the desired EDA preset from the Preset pop-up menu. 

Single-point Calibration for (EDA) 0-35 Hz Preset 

The following single-point calibration will yield very good results and is easy to perform: 
1. Disconnect the electrodes. 
2. Click “Setup” > “Scaling” button in the software’s EDA preset dialog. 
3. Click the Cal 2 button. 
4. Add the new Cal 2 value to the default Cal 1 value (example below left, 1000 + 31.3725 = 1031.3725). If 

the new Cal 2 value is negative, then subtract that value from Cal 1. 

 

 
Note that Cal 1 and Cal 2 values are 

reversed in software versions BSL 3.7.x and 
earlier. 

BSL 4.x and AcqKnowledge 4.x EDA Scaling Dialog BSL 3.7.x EDA Scaling Dialog 

Two-point Calibration for (EDA) 0-35 Hz Preset 

Two-point calibration offers the advantage of greater accuracy, but is a more complex procedure. To perform: 
1. Prepare two 1% calibration resistors: 100 kiloohm (10 microsiemens) and 1 megaohm (1 

microsiemen). Insulate the resistor using clear tape such that when held, the fingers will not directly 
contact the resistor leads. 

2. Place the 1 megaohm resistor such that one resistor lead contacts one electrode pad and the other 
resistor lead contacts the opposite electrode pad. 

3. Click “Setup” > “Scaling” button in the software’s EDA preset setup dialog. 
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4. In the Scaling dialog box, set the Cal 1 Scale value to “1” and click Cal 1.  
5. Repeat Step 2 using the 100 kiloohm resistor. 
6. In the Scaling dialog box, set the Cal 2 Scale value to “10” and click Cal 2. 

If the file is now saved as a template (*.gtl), the calibration values will be maintained as long as the transducer is 
matched to the software each time it is used. 

Verify - check the accuracy of the SS3LA:  
1. Click Start to begin a recording. 
2. Place an insulated 100 kiloohm resistor (10 microsiemens) across the electrode pads (resistor must be 

insulated from fingers).  
3. Click Stop.  
4. Check the EDA value when the resistor was placed across the electrodes using measurements. 

 The software should produce a reading of 10 microsiemens (siemens). 

Setup - There must be good electrical connections between the skin and the electrodes for EDA to work properly. 

Gel - When using GEL101 isotonic gel it is important that the gel has a chance to be absorbed and make good 
contact before recording begins. Accordingly:  

1. Apply GEL101 to the skin at the point of electrode contact and rub it in.  
2. Fill the SS3LA electrode cavity with GEL101.  
3. Attach the SS3LA electrode to the subject.  
4. Wait 5 minutes (minimum) before starting to record data.  

*Measuring skin resistance - Use an Expression calculation channel to take reciprocal of conductance, and 
then apply proper scaling. 

Tip 

 

To detect a good signal, subjects should have a little sweat on their hands (not a lot, but 
enough so that their hands are not completely smooth or cold). If subjects wash their 
hands just prior to the recording or if they have been sitting in a cold room, then they 
must do something to activate the sweat glands before beginning calibration or 
recording. If subjects begin with colder hands, the scale will be diminished and the signal 
will be easily saturated once they “warm up” during the lesson. 

CLEANING THE SS3LA TRANSDUCER  
 The GEL should be immediately cleaned off the electrodes after each use. Dried gel will act as insulator preventing 

electrical contact with the skin, and the Ag-AgCl electrode disk could degrade quickly with time because of the 
porous electrode surface. 

 To clean the electrodes, wet a cotton swab or toothbrush with water and remove the electrode gel. Always dry the 
electrodes after cleaning. 

 If needed, use Hydrogen Peroxide solution (2-3%) to brighten electrode surface (optional) or to sterilize the 
electrode. Do not place the electrode in solution, but rather use a cotton swab or toothbrush. Dry the electrodes 
after cleaning. 

 If a dark residue remains after the above cleaning methods are used, then a cleaner with pumice (such as Ajax) 
can be used on the wetted cotton swab or toothbrush.  

SS3LA SPECIFICATIONS  
Electrode Type: Ag/AgCl, shielded 
Excitation: 0.5 V DC Weight: 4.5 grams 
Range: 0.1-100 siemens (normal human range is 1-20 siemens) Cable Length: 2 meters 
Surface Area: 6 mm contact area Connector Type: 9 Pin DIN 
Gel Cavity Area 1.66 mm Sterilizable: Yes (contact BIOPAC) 
Dimensions: 16 mm (long)  17 mm (wide)  8 mm (high) 
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SS69L DISSOLVED OXYGEN PROBE TRANSDUCER 

 
SS69L Components 

 
Order probe only as RXPROBE02 
 
  

Order interface only as BSL-TCI16 

The SS69L transducer measures dissolved oxygen. The SS69L includes a dissolved oxygen probe and an 
interface to the MP36/MP35 Data Acquisition Unit. 
The dissolved oxygen probe can be used to measure the concentration of dissolved oxygen in water samples 
tested in the field or in the laboratory. Use this sensor to perform a wide variety of tests or experiments to 
determine changes in dissolved oxygen levels, one of the primary indicators of the quality of an aquatic 
environment: 

• Monitor dissolved oxygen in an aquarium containing different combinations of plant and animal 
species. 

• Measure changes in dissolved oxygen concentration resulting from photosynthesis and respiration in 
aquatic plants. 

• Use this sensor for an accurate on-site test of dissolved oxygen concentration in a stream or lake 
survey, in order to evaluate the capability of the water to support different types of plant and animal 
life. 

• Measure Biological Oxygen Demand (B.O.D.) in water samples containing organic matter that 
consumes oxygen as it decays. 

• Determine the relationship between dissolved oxygen concentration and temperature of a water 
sample. 

See also: BSL PRO Lesson #A07 Fish Respiration and Q10. 

Components Dissolved O2 probe Sodium Sulfite calibration standard (2.0 M Na2SO3) 

 Replacement membrane cap Dissolved O2 electrode filling solution 

 Calibration bottle & pipette Polishing strips 

Interface Use with BIOPAC BSL-TCI16 Transducer Connector to record with a BIOPAC MP36/35 Data 
Acquisition Unit. 

Usage There are four steps to using the Dissolved O2 probe: 

1. Setup 

2. Warm-up 

3. Calibration — optional 

4. Recording 



 

 
 PRODUCT SHEET 

info@biopac.com 
support@biopac.com 
www.biopac.com 

 

 BIOPAC Hardware   |   SS69L   |   Page 2 - 6 Updated: 10.11.2017 

1. Setup 
a. Remove and discard the blue protective cap 

from the tip of the probe. 
b. Unscrew the membrane cap from the tip of 

the probe. 
c. Use a pipette to fill the membrane cap with 1 

mL of the Electrode Filling Solution. 
d. Carefully thread the membrane cap back onto 

the electrode. 
e. Place the probe into a beaker filled with about 

100 mL of distilled water. 
2. Warm-up 

a. Insert the BT connector on the RXPROBEO2 into the BSL-TCI16 transducer connector. 
b. Connect the BSL-TCI16 transducer connector to the MP data acquisition unit. 
c. Turn the MP unit ON and wait 10 minutes for the probe to warm up. 

• The probe must stay connected to the interface at all times to keep it warmed up. If the probe 
is disconnected for more than a few minutes, the warm-up routine will need to be repeated. 

 Calibration — optional 

• Calibration is optional. To measure relative change, probe calibration is not essential. To 
improve accuracy for discrete measurements, probe calibration is recommended. 

Calibration in BSL 4.x or AcqKnowledge 4.x software for MP36R: 
a. First Calibration Point (Zero-Oxygen)  

i) Launch the BIOPAC software and open the 
scaling dialog for the probe channel. 
(MP36/35 menu > Set Up Data Acquisition > 
Channels > Setup > Scaling Button.) 

ii) Remove the probe from the water and place the 
tip of the probe into the Sodium Sulfite 
calibration solution as shown.  

 
IMPORTANT: No air bubbles can be trapped below the tip of the probe or the calibration will be distorted. 
If the voltage does not rapidly decrease, tap the side of the bottle with the probe to dislodge any bubbles.  

iii) Wait until the voltage stabilizes (~2 minutes), and press the CAL 2 button. The Map value 
result should be in the 0.2 - 0.5 mV range. 

b. Second Calibration Point (Saturated Dissolved O2) 
i) Rinse the probe with distilled water and gently blot dry. 
ii) Unscrew the lid of the calibration bottle and slide the grommet approximately 12 mm 

(1/2”) onto the probe body. 
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iii) Add water to the bottle to the 
depth of about 6 mm (1/4”) and 
screw the bottle into the cap as 
shown. IMPORTANT: Do not 
touch the membrane or get it 
wet during this step. 

iv) Keep the probe in the position 
for about one minute and then 
press the CAL 1 button. The 
Map value result should be 
above 2 mV. 

v) Enter a Saturated Dissolved O2 value (in mg/L) from Table 1, based on the current 
barometric pressure and air pressure values. If necessary, use Table 2 to estimate the air 
pressure at the current altitude. The example scaling on the previous page (9.94) is based 
upon an ambient temperature of 16° C and a barometric pressure of 760 mm. (To calibrate 
and monitor using Percent Saturation, use the conversion formula on the following page.) 

Calibration in BSL 3.7.x software:  

(CAL 1 and CAL 2 values are reversed from BSL 4, uses “Scale value” instead of “Map value”) 
a. First Calibration Point (Zero-Oxygen) 

i) Launch the BIOPAC software and generate 
the scaling dialog for the probe channel. 

(MP menu > Set Up Channels > View/Change 
Parameters > Scaling Button.) 

ii) Enter 0 for CAL 1 Scale value. 
iii) Remove the probe from the water and place 

the tip of the probe into the Sodium Sulfite 
calibration solution.  

IMPORTANT: No air bubbles can be trapped 
below the tip of the probe or the calibration will be 
distorted. If the voltage does not rapidly decrease, tap the side of the bottle with the probe to 
dislodge any bubbles.  

iv) Wait until the voltage stabilizes (~2 minutes), press the CAL 1 button. The Input value 
result should be in the 0.2 - 0.5 mV range. 

b. Second Calibration Point (Saturated Dissolved O2) 
i) Rinse the probe with distilled water and gently blot dry. 
ii) Unscrew the lid of the calibration bottle and slide the grommet approx. 12 mm (1/2”) onto 

the probe body. 
iii) Add water to the bottle to the depth of about 6 mm (1/4”) and screw the bottle into the cap. 

IMPORTANT: Do not touch the membrane or get it wet during this step. 
iv) Keep the probe in the position for about one minute and then press the CAL 2 button. The 

Input value result should be above 2 mV.  
v) Enter a Saturated Dissolved O2 value (in units of mg/L) from Table 1 as the CAL 2 scale 

value, based on the current barometric pressure and air pressure values. If necessary, use 
Table 2 to estimate the air pressure at the current altitude. The example scaling above right 
(9.94) is based upon an ambient temperature of 16° C and a barometric pressure of 760 
mm. (To calibrate and monitor using Percent Saturation, use the conversion formula on the 
following page.) 
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Calibration and Monitoring Using Units of Percent Saturation 

Instead of calibrating using units of mg/L (equal to parts per million or ppm), you may also choose to calibrate 
dissolved oxygen using units of % saturation. When doing a calibration for units of % saturation, the calibration 
point done in the sodium sulfite solution (zero oxygen) is assigned a value of 0%, and that for water-saturated air 
(or air-saturated water) is given a value of 100%. It must be noted, however, that 100% represents an oxygen-
saturated solution only at that particular temperature, pressure, and salinity level. If you intend to compare your 
measured dissolved oxygen values with data collected under a different set of conditions, a preferable method 
would be to use units of mg/L. 
To convert the %O2 to mg/L, use the following formulae: 

% Saturation = (actual DO2 result / Saturated DO2 value from Table 1) x 100 
For example, if the probe result is 6.1 mg/L at a temperature of 20º C and a pressure of 740 mmHg, the 
corresponding Table 1 value is 8.93 mg/L, so % Saturation = (6.1 / 8.93) x 100 = 68% 
BSL 4.x: Set CAL 2 Map value to 0% and CAL 1 Map value to 100% and then press the CAL 1 button to map 
the probe voltage, proportional to dissolved O2 to 100%.  
BSL 3.7.x: Set CAL 1 Scale value to 0% and CAL 2 Scale value to 100% and then press the CAL 2 button to 
map the probe voltage, proportional to dissolved O2 to 100%. (Set units label to mg/L) 
Table 1  
Dissolved O2 (mg/L) in air-saturated distilled water (at various temp. & pressure) 

 
 770 

mm 
760 
mm 

750 
mm 

740 
mm 

730 
mm 

720 
mm 

710 
mm 

700 
mm 

690 
mm 

680 
mm 

670 
mm 

660 
mm 

650 
mm 

0°C 14.76 14.59 14.38 14.19 13.00 13.80 13.61 13.42 13.23 13.04 12.84 12.65 12.46 
1°C 14.38 14.19 14.00 13.82 13.63 13.44 13.26 13.07 12.88 12.70 12.51 12.32 12.14 
2°C 14.01 13.82 13.64 13.46 13.28 13.10 12.92 12.73 12.55 12.37 12.19 12.01 11.82 
3°C 13.65 13.47 13.29 13.12 12.94 12.76 12.59 12.41 12.23 12.05 11.88 11.70 11.52 
4°C 13.31 13.13 12.96 12.79 12.61 12.44 12.27 12.10 11.92 11.75 11.58 11.40 11.23 
5°C 12.97 12.81 12.64 12.47 12.30 12.13 11.96 11.80 11.63 11.46 11.29 11.12 10.95 
6°C 12.66 12.49 12.33 12.16 12.00 11.83 11.67 11.51 11.34 11.18 11.01 10.85 10.68 
7°C 12.35 12.19 12.03 11.87 11.71 11.55 11.39 11.23 11.07 10.91 10.75 10.59 10.42 
8°C 12.05 11.90 11.74 11.58 11.43 11.27 11.11 10.96 10.80 10.65 10.49 10.33 10.18 
9°C 11.77 11.62 11.46 11.31 11.16 11.01 10.85 10.70 10.55 10.39 10.24 10.09 9.94 

10°C 11.50 11.35 11.20 11.05 10.90 10.75 10.60 10.45 10.30 10.15 10.00 9.86 9.71 
11°C 11.24 11.09 10.94 10.80 10.65 10.51 10.36 10.21 10.07 9.92 9.78 9.63 9.48 
12°C 10.98 10.84 10.70 10.56 10.41 10.27 10.13 9.99 9.84 9.70 9.56 9.41 9.27 
13°C 10.74 10.60 10.46 10.32 10.18 10.04 9.90 9.77 9.63 9.49 9.35 9.21 9.07 
14°C 10.51 10.37 10.24 10.10 9.96 9.83 9.69 9.55 9.42 9.28 9.14 9.01 8.87 
15°C 10.29 10.15 10.02 9.88 9.75 9.62 9.48 9.35 9.22 9.08 8.95 8.82 8.68 
16°C 10.07 9.94 9.81 9.68 9.55 9.42 9.29 9.15 9.02 8.89 8.76 8.63 8.50 
17°C 9.86 9.74 9.61 9.48 9.35 9.22 9.10 8.97 8.84 8.71 8.58 8.45 8.33 
18°C 9.67 9.54 9.41 9.29 9.16 9.04 8.91 8.79 8.66 8.54 8.41 8.28 8.16 
19°C 9.47 9.35 9.23 9.11 8.98 8.86 8.74 8.61 8.49 8.37 8.24 8.12 8.00 
20°C 9.29 9.17 9.05 8.93 8.81 8.69 8.57 8.45 8.33 8.20 8.08 7.96 7.84 
21°C 9.11 9.00 8.88 8.76 8.64 8.52 8.40 8.28 8.17 8.05 7.93 7.81 7.69 
22°C 8.94 8.83 8.71 8.59 8.48 8.36 8.25 8.13 8.01 7.90 7.78 7.67 7.55 
23°C 8.78 8.66 8.55 8.44 8.32 8.21 8.09 7.98 7.87 7.75 7.64 7.52 7.41 
24°C 8.62 8.51 8.40 8.28 8.17 8.06 7.95 7.84 7.72 7.61 7.50 7.39 7.28 
25°C 8.47 8.36 8.25 8.14 8.03 7.92 7.81 7.70 7.59 7.48 7.37 7.26 7.15 
26°C 8.32 8.21 8.10 7.99 7.78 7.78 7.67 7.56 7.45 7.35 7.24 7.13 7.02 
27°C 8.17 8.07 7.96 7.86 7.75 7.64 7.54 7.43 7.33 7.22 7.11 7.01 6.90 
28°C 8.04 7.93 7.83 7.72 7.62 7.51 7.41 7.30 7.20 7.10 6.99 6.89 6.78 
29°C 7.90 7.80 7.69 7.59 7.49 7.39 7.28 7.18 7.08 6.98 6.87 6.77 6.67 
30°C 7.77 7.67 7.57 7.47 7.36 7.26 7.16 7.06 6.96 6.86 6.76 6.66 6.56 
31°C 7.64 7.54 7.44 7.34 7.24 7.14 7.04 6.94 6.85 6.75 6.65 6.55 6.45 
32°C 7.51 7.42 7.32 7.22 7.12 7.03 6.93 6.83 6.73 6.63 6.54 6.44 6.34 
33°C 7.39 7.29 7.20 7.10 7.01 6.91 6.81 6.72 6.62 6.53 6.43 6.33 6.24 
34°C 7.27 7.17 7.08 6.98 6.89 6.80 6.70 6.61 6.51 6.42 6.32 6.23 6.13 
35°C 7.15 7.05 6.96 6.87 6.78 6.68 6.59 6.50 6.40 6.31 6.22 6.13 6.03 
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TABLE 2  
Elevation barometric pressure (based on barometric air pressure of 760 mmHg at sea level) 
 

Elev. 
(feet) 

Pressure 
(mmHg) 

Elev. 
(feet) 

Pressure 
(mmHg) 

Elev. 
(feet) 

Pressure 
(mmHg) 

Elev. 
(feet) 

Pressure 
(mmHg) 

0 760 1500 720 3000 683 4500 647 
250 753 1750 714 3250 677 4750 641 
500 746 2000 708 3500 671 5000 635 
750 739 2250 702 3750 665 5250 629 

1000 733 2500 695 4000 659 5500 624 
1250 727 2750 689 4250 653 5750 618 

Recording 
a. Place the tip of the probe into the sample to be measured. Submerge the tip about 4-6 cm (2”). 
b. Gently stir the probe in the sample. IMPORTANT: Keep stirring the probe in the sample—water 

must always be flowing past the probe tip for accurate measurements. As the probe measures the 
concentration of dissolved oxygen, it removes oxygen from the water at the junction of the probe 
membrane. If the probe is left still in calm water, reported dissolved O2 measurements will appear to 
be dropping. 

c. For this O2 measurement to be valid, the sample must be at the same pressure and temperature as 
calibration solution. 

How the Dissolved Oxygen Probe Works 
The Dissolved Oxygen Probe is a Clark-type polarographic electrode that senses the oxygen concentration in 
water and aqueous solutions. A platinum cathode and a silver/silver chloride reference anode in KCl electrolyte 
are separated from the sample by a gas-permeable plastic membrane. 

 
A fixed voltage is applied to the platinum electrode. As oxygen diffuses through the membrane to the cathode, it 
is reduced: 

1/2 O2 + H2O + 2e- 2 → OH‾ 
The oxidation taking place at the reference electrode (anode) is: 

Ag + Cl- → AgCl + e‾ 
Accordingly, a current will flow that is proportional to the rate of diffusion of oxygen, and in turn to the 
concentration of dissolved oxygen in the sample. This current is converted to a proportional voltage, which is 
amplified and read by the MP hardware and BIOPAC software.  
Storage 

< 24 hours: Store the probe with the membrane end submerged in about 3 cm (1”) cm of distilled water  
> 24 hours: Remove the membrane cap, rinse the inside and outside of the cap with distilled water, and 
then shake the membrane cap dry. Rinse the exposed anode and cathode inner elements, and then blot dry 
with a lab wipe. Reinstall the membrane cap loosely onto the electrode body for storage—do not tighten. 

Polishing 
The anode or cathode inner elements become discolored or appear corroded, use the polishing strips 
provided (once a year is generally sufficient). Contact BIOPAC for polishing details if necessary. 
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Maintaining and Replenishing the Sodium Sulfite Calibration Solution 
The 2.0 M sodium sulfite (Na2SO3) solution can be prepared from solid sodium sulfite crystals: Add 25.0 g of 
solid anhydrous sodium sulfite crystals (Na2SO3) to enough distilled water to yield a final volume of 100 mL of 
solution. The sodium sulfite crystals do not need to be reagent grade; laboratory grade will work fine. Many high 
school chemistry teachers will have this compound in stock. Prepare the solution 24 hours in advance of doing the 
calibration to ensure that all oxygen has been depleted. If solid sodium sulfite is not available, substitute either 2.0 
M sodium hydrogen sulfite solution, (sodium bisulfite, 20.8 g of NaHSO3 per 100 mL of solution) or 2.0 M 
potassium nitrite (17.0 g of KNO2 per 100 mL of solution). 
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See also: Tension Adjuster (HDW100A) 

SS14L DISPLACEMENT TRANSDUCER 
For use in recording very slight movements in a range of physiological 
preparations, the SS14L incorporates a semi-isotonic strain gauge and a stainless 
steel lever that can be mounted in any position. 
 

 

SS14L SPECIFICATIONS 
Sensitivity Range: 1 mm to 100 mm 
Strain Gauge: 500 ohm silicon 
Lever Length: 27 cm 
Support Rod Length: 15 cm 
Cable Length: 3 meters 
Interface: MP3X  
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SS40L – 42L DIFFERENTIAL PRESSURE TRANSDUCER 
SS40L ±2.5 cm H2O 
SS41L ±12.5 cm H2O 
SS42L ±25 cm H2O 
 
The SS40L-SS42L series differential pressure transducers are designed for low 
range pressure monitoring. The transducers plug directly into the MP3X general-
purpose differential amplifier. The differential pressure ports are located on the front 
of the transducers and are easily connected to breathing circuits, pneumotachs or plethysmograph boxes. These 
transducers are very useful for interfacing a variety of small animal pneumotachs or plethysmographs to the MP 
System. The transducers are extremely sensitive and come in three ranges to suit a number of different 
applications. RX137 flow heads connect to the SS41L differential pressure transducer via standard 4 mm ID 
tubing. Included with each SS46L-SS52L. 

 

SS40L – 42L Specifications 
Voltage output (normalized to 1 volt excitation) 

SS40L:  330 µV/cm H2O 
SS41L:  130 µV/cm H2O 
SS42L:  65 µV/cm H2O 

Warm-up Drift:  ±50 µV 
Stability:  ±100 µV 
Dynamic Response:  100 Hz 
Connection Ports/ID tubing Accepted:  3 mm to 4.5 mm 
Dimensions: (high) x (wide) x (deep):  8.3 cm x 3.8 cm x 3.2 cm 
Weight:  76 grams 
Operating Temperature (compensated):  0 to +50 °C 
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TSD108 AND SS17L PHYSIOLOGICAL SOUNDS TRANSDUCER (CONTACT MICROPHONE) 

  
The physiological sounds transducer connects to the DA100C amplifier (TSD108) or the MP3x/4x hardware 
(SS17L). The transducer can be used with the Noninvasive Blood Pressure Cuff or as a stand-alone device. If 
used with the cuff, Korotkoff sounds can be recorded for easy determination of systolic and diastolic blood 
pressure. When used on its own, it can record a variety of acoustical signals, including heart sounds and sounds 
associated with rubbing or grinding (e.g., Bruxism). The acoustical transducer element is a Piezo-electric ceramic 
disk that is bonded to the interior of a circular metallic housing. 

• TSD108: Korotkoff signal is recorded by a DA100C 
amplifier set to AC, 5000 Hz LP and a gain of 50 to 200. 

• SS17L: To record the Korotkoff signal, select SS17L 
preset from MP3x/MP4x > Set Up Channels menu. 

The signal for the physiological sounds transducer is usually 
further conditioned by the software. In a calculation channel, the 
signal can be bandpass filtered from 50 to 200 Hz. The sampling 
rate for the entire recording needs to be about 500 Hz, assuming 
the physiological sounds transducer is used. 

 

 

 
 
TSD108/SS17L SPECIFICATIONS 

Frequency Response: 35 Hz to 3500 Hz 
Housing: Stainless Steel 
Sterilizable: Yes (contact BIOPAC for details) 
Noise: 5 µV rms – (500 Hz - 3500 Hz) 
Output: 2 V (p-p) maximum 
Weight: 9 g 
Dimensions: 29 mm diameter, 6 mm thick 
Cable Length: 3 m 
Interface: DA100C (TSD108), MP3x (SS17L) 
Calibration: None required 
TEL100C Compatibility: SS17 
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SS56L HAND CLENCH FORCE BULB 

 

 

SS56L measures proportionality of bulb pressure to clench 
force in “kgf/m^2” units (a pressure unit). This measure is 
accurate for the relative measures recorded in BSL Lesson 2 
Electromyography (EMG) II. SS56L is recognized by current 
release BSL Lessons. 
 

 

Specifications 

Pressure Range: BSL: 0 to 10,546 Kgf/m^2 
AcqKnowledge: 0 to 1.0546 Kg-f/cm^2 0 to 15 psi 

Accuracy: ±3%  

Output: BSL: 0.58 mV/100 Kgf/m^2  
AcqKnowledge: 0.58 mV/0.01 Kg-f/cm^2 4.1 mV/psi 

Bulb Diameter: 5.8 cm  
Bulb Length: 11.1 cm  
Tubing Length: 3 meters  
Weight: 108 g  

Optional BSL PRO Presets: 

• Clench Force - kpa (SS56L) - input value 20.48 mV scales to 34.47 kpa 
• Clench Force - psi (SS56L) - input value 61.44 mV scales to 15 psi 
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SS39LA BREADBOARD  

The Bioengineering Breadboard Lab consists of circuitry 
hardware and eight projects (with schematics and design 
notes) that demonstrate a very important subset of circuit 
design for recording and processing physiological signals. 
Students will use the MP36/35/45 and BSL PRO software to 
evaluate their designs. See Lessons H25, H26. 
Project Book includes schematics for: 

 Lab 1: Square Wave Oscillator 
 Lab 2: Instrumentation Amplifier  
 Lab 3: High Pass Active Filter 
 Lab 4: Active Gain Block and Low Pass Filter 
 Lab 5: Notch Filter for 50/60 Hz Rejection 
 Lab 6: QRS Detection: Band Pass Filter 
 Lab 7: QRS Detection: Absolute Value Circuit 
 Lab 8: QRS Detection: Low Pass Filter and Overall System Test 

Circuitry Hardware 

 Breadboard   
 Signal/Power Cable: 

o 3 x Power Plugs: Green -5 V, Black GND, Red +5 V 
o 2 x Signal Wires: White–Signal, Black–GND  
o Built-in automatically resettable fuse 

 Signal Cable: 2 x Signal Wires: Red–Signal, Black–GND  
 Electrode Lead Interface: enables use of SS2L Lead Assembly 
 Accessory Kit: capacitors, diodes, resistors, jumper wires, and other circuit-

building components 

ACCESSORY OPTIONS 

BSL-BMEACC BREADBOARD ACCESSORY KIT 

Use to add work stations for the SS39LA Breadboard. Students can build a lab and rotate 
the power and signal cables from the SS39LA to connect to the Biopac Student Lab 
software and test the design.  

Includes: breadboard, capacitors, diode, ic, ic quad OP-AMP, 
jumper wire kit, and resistors. 

SS60LA SIGNAL CABLE FOR SS39LA BREADBOARD 

Use this signal cable to add signal inputs to the SS39LA Signal Processing Breadboard, which ships 
with one combination power/signal cable. 

BSL-TCI22 ELECTRODE LEAD INTERFACE 

The electrode interface connects the SS2L Shielded Lead Assembly to the SS39LA 
Breadboard for circuit configurations that require electrodes. One BSL-TC122 is 
shipped with the SS39LA; SS2L not included. 

 
NOTE: Older-versions SS39L and SS60L were discontinued in August of 2017. 



 

 
 PRODUCT SHEET 

info@biopac.com 
support@biopac.com 
www.biopac.com 

 

 BIOPAC Hardware   |   NIBP Systems   |   Page 1 - 10 Updated: 4.24.2019 

NON-INVASIVE SMALL ANIMAL TAIL BLOOD PRESSURE SYSTEMS 

NIBP250 Blood Pressure Amplifier 
NIBP200A Blood Pressure System 

 
NIBP Amplifiers with built-in pump automatically inflate the tail cuff to occlude the vessel in the tail of a rat or 
similar small animal, and then slowly deflate the cuff when the inflation point is reached, providing a linear drop 
in pressure. A single control starts both the inflation and deflation cycles, making the system very operator-
friendly. Amplifiers have two analog outputs for pressure and pulse waveforms, plus gain adjustment to amplify 
or attenuate the pulse signal. Systolic, diastolic, and mean BP values.  

 NIBP250 Touchscreen LCD controls and displays data for local analysis and storage. Use as a stand-
alone system or interface to BIOPAC or third-party A/D hardware. USB 1.1 compatible flash memory 
port and SD card slot. 

 NIBP200A Amplifier for use with Tail Cuff Sensor. 

Systems include: 

 Amplifier order NIBP250 or NIBP200A 

 One tail cuff sensor (request size): 

  RXTCUFSENSOR9.5 = 9.5 mm, 100-220 g 

  RXTCUFSENSOR11 = 11 mm, 200-280 g 

  RXTCUFSENSOR13 = 13 mm, 250-350 g  

 One small animal restrainer: 

  RXRESTRAINER-S, 70-150 g (small rat) 

  RXRESTRAINER-M, 150-200 g (medium rat) 

  RXRESTRAINER-L, 250-350 g (large rat) 

 Optional MRI-conditional sensors available – add to an existing NIBP200A system 

  RXCUFSEN9.5-MRI = 9.5 mm, 100-220 g 

  RXCUFSEN11-MRI = 11 mm, 200-280 g 

  RXCUFSEN13-MRI = 13 mm, 250-350 g 

MRI Use: MR Conditional 

Condition:  Animal use only; tested to MR field strength 3T 

 RXTCUFSENSOR 9.5/11/13 Components—MRI chamber room components only: 

Sensor Housing: Delrin®  

SensorType: Infrared  

Sensor Tubing: Latex  

Cable: Dual Fiber Optical Cable  

Air Line: Tygon® Tubing 
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 Analog outputs: pressure 0-3 V DC, Pulse 0-4 V DC 

 Output cables: pressure cable and pulse cable 

 Interface cables: to BIOPAC or third-party A/D hardware 

 User’s Manual 

Optional Tail Heater: TAILHEATA 110 V or TAILHEATB 220 V 

SPECIFICATIONS 
Cut-off Pressure Range:  100 – 300 mmHg (adjustable by 1mmHg steps) 
Pressure Accuracy:  300 mmHg Full Scale 1% 
Pressure Sensitivity:  0.1 mmHg 
Pressure Signal output:  300 mmHg/3 Volt DC 
Pulse Gain Levels:  x1, x2, x4, x5, x8, x16, x32 (adjustable) 
Pulse Signal Output:  0 – 4 Volt DC 
Pulse Display:  Pulse intensity is displayed on A2, derived from plethysmographic measure The 
 tail sensor detects blood flow and pulse intensity is increased or decreased, 
 depending on the flow ratio. 
LCD Display:  7” 800 x 480 TFT (NIBP250) 
User Interface:  Resistive Touch Panel (NIBP250) 
Analog outputs:  Two BNC connectors for uncalibrated pressure and pulse signals 
Triggers:  Two BNC connectors for TTL Compatible trigger in and out signals 
Power Supply:  12 Volt 2 Amp – External 

NIBP200A/NIBP250 SYSTEM CONNECTIONS 

  
NIBP200A Front Panel NIBP200A Rear Panel 

1. Connect the CBL150-PRE cable (or CBL35-PRE cable for MP36/35 hardware). 

a. BNC to the PRESSURE output on the back panel of the unit. 

b. Other end to A1 on the front of the AMI100D/HLT100C/UIM100C (or CH 1 of the MP36/35 
unit). 

2. Connect the CBL150-PLS cable (or CBL35-PLS for MP36/35 hardware). 

a. BNC to the PULSE output on the back panel of the unit. 

b. Other end to A2 on the front of the AMI100D/HLT100C/UIM100C unit (or CH 2 of the 
MP36/35 unit). 

3. Connect the IRSENSOR. 

a. Black cord to the sensor input on the front panel of the NIBP200A (back panel on NIBP250). 

b. Tubing in the cuff on the front panel of the NIBP200A (back panel on NIBP250). 

4. Connect the power. 

a. AC300 adapter to the 12 V DC input on the back panel of the NIBP200A. 

b. AC300 to Mains power. 

5. Switch the POWER on. 
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ANIMAL PREPARATION 

   
Optional Heating Chamber Restrainer Animal Holders Tail Cuff/Sensor  
 

1. Turn the Animal Heating Chamber on. 

2. Set the temperature value (press and hold P.Set and then press the up or 
down arrow to reach the desired value). 

 For accurate noninvasive blood pressure measurement, the animal or 
its tail should be warmed to 32° C. 

3. Press the Heater button to start heating to the selected temperature value. 

4. Place the animal inside the RESTRAINER “Animal Holder” (select the suitable size for the animal 
volume). 

 Leave the tail outside. 

 Adjust the length to obtain a position where the animal has limited movement. 

5. Place the RESTRAINER (with the animal) in the heating section of the Animal Heating Chamber. 

6. Wait approximately 30 minutes for the animal to reach the selected temperature. 

7. Remove the RESTRAINER from the Animal Heating Chamber. 

8. Connect the IRSENSOR to the tail of the animal inside the RESTRAINER. 

9. Check if the sensor just fits to the tail. The sensor should be between the mid point of tail and tail end 
(spinal column). To achieve this, a suitable sensor should be selected. 

10. Wait for the animal to relax and become inactive before starting measurements. 

TIP Before starting the experiment, to condition the animal, put the animal inside the holder several 
times a day and repeat the heating each time. 
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SOFTWARE SETUP (AcqKnowledge 4.1 and higher) 

1. Launch AcqKnowledge 4.x. 

2. Select the “Create/Record a new experiment” option. 

3. Select “MP160/150 > Set Up Data Acquisition > Channels > “Add New Module...” 

a. From the new module list, select AMI100D-HLT100C-A1 (MP160) or UIM100C-A1(MP150), 
(or whichever channel CBL150-PRE pressure cable is connected to) and click “Add.” 

b. From the AMI100D/HLT100C (MP160) or UIM100C (MP150) Transducer list, select 
“NIBP200A – Small Animal Tail BP, Pressure” or “NIBP250 – Small Animal Tail BP, Pressure” 
and click OK.  

c. Click “Calibrate” in the resulting Calibration dialog. 

 

4. Repeat “Add New Module…” portion of Step 3. 

a. From the new module list, select AMI100D-HLT100C-A2 (MP160) or UIM100C-A2 (MP150) 
(or whichever channel CBL150-PLS pulse cable is connected to) and click “Add.” 

b. From the AMI100D/HLT100C (MP160) or UIM100C (MP150) Transducer list, select 
“NIBP200A – Small Animal Tail BP, Pulse” or “NIBP250 – Small Animal Tail, Pulse” and click 
OK. 

SOFTWARE SETUP (AcqKnowledge 4.0 and earlier) 

1. Launch the BIOPAC software. 

2. Choose “MP menu > Set up Channels.” 

  
or 

  
3. Enable analog inputs A1 and A2 and select the Acquire, Plot and Value options. 

 If desired, enter channel Labels: A1 Pressure and A2 Pulse. 
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4. Calibrate for the pressure measurement of IRSENSOR. 

a. Select A1 (Pressure) and click Setup and establish these settings: 

  Input volts Scale (Map) value 

Cal 1 0 0 

Cal 2 1 100 

 Units Label: mmHg 

The scaling must be adjusted as the cut-off 
pressure switch settings are changed. If the 
pressure switch is set to 300 mmHg, then the 
settings should be:  

 Input volts Scale (Map) value 

Cal 1 0 0 

Cal 2 3 300 

 Units Label: mmHg  

 

b. Click OK as needed to close out of A1 setup.  

5. Calibrate for the pulse measurement of IRSENSOR. 

a. Ensure that the tail is not inside the IRSENSOR and it is empty, and the sensor resides freely. 

b. Select A2 (Pulse) and click Setup and establish these settings: 

 Input volts Scale (Map) value 

Cal 1 0 0 

Cal 2 1 4 

 Units Label: Volts  

 

c. Click OK as needed to close out of A2 setup and the Setup Channels dialog. 

6. Choose “MP menu > Set up Acquisition” and establish the following settings: 

Mode = Record and Append to Memory 

Sample Rate = 200 samples/second 

Total Length = 24 seconds 

Repeat = every 3 seconds for 10 times 

 

7. Exit Set up Acquisition dialog. 
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8. Choose “MP menu > Setup Trigger” and establish the following settings: 

Trigger = CH 1, Pos Edge 

Trigger Level = 0.33 Volts 
(based on 1 V ≈ 100 mmHg) 

Delay = 0 samples 
 

9. Close out of Triggering dialog. 

SOFTWARE SETUP for AcqKnowledge 4.x or BSL 4.x with MP3x Hardware 

1. Launch the software. 

2. Select the “Create/Record a new experiment” option. 

3. If necessary, choose “MP3x > Set up Data Acquisition > Channels.” 

4. Enable analog inputs CH1 and CH2 and select the Acquire, Plot and Value options. 

 

5. Select CH1 and click “Setup.”. 

6. Click “New Channel Preset,” enter “NIBP200A-Pressure” and click OK. 

7. Establish the following settings:  

 Channel Preset = NIBP200A-Pressure 

 Channel Label = CUFF PRESSURE 

 Gain = x10 

 Input Coupling = DC 

 Filter = 1 

 Type = Low Pass 

 Frequency = 30 

 Q = 0.5 

8. Calibrate for the pressure measurement of IRSENSOR. 

a. Click “Scaling” button and establish the following settings: 
 Map values 
  Cal1 = 0 
  Cal2 = 100 
 Units label = mmHg 

b. Click the Cal 1 button. 

c. Add “333” to the Cal 1 Input value, and enter the result in 
Cal 2 Input value (Cal 2 = Cal 1 + 333) 

d. Click OK as needed to exit the CH1 “Scaling” and Input 
“Channel” setup dialogs. 
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9. Select CH2 and click “Setup.” 

10. Click “New Channel Preset,” enter “NIBP200A-Tail Pulse” and click OK. 

11. Establish the following settings:  

 Channel Preset = NIBP200A-Tail Pulse 

 Channel Label = TAIL PULSE 

 Gain = x10 

 Input Coupling = DC 

 Filter = 1 

 Type = Low Pass 

 Frequency = 50 

 Q = 0.5 

12. Calibrate for the pulse measurement of IRSENSOR. 

a. Ensure that the tail is not inside the IRSENSOR, and 
that the sensor resides freely. 

b. Click “Scaling” button and establish the following 
settings:  

 Map values 

  Cal 1 = 0 

  Cal 2 = 1000 

 Units label = mV 

c. Click the Cal 1 button. 

d. Add “333” to the Cal 1 Input value and enter the result 
in Cal 2 Input value (Cal 2 = Cal 1 + 333) 

e. Click OK as needed to exit the CH2 “Scaling” and “Input Channel” setup dialogs. 

13. Choose “MP3x > Set Up Data Acquisition > Length/Rate” and establish the following settings: 

 Mode = Record and Append using Memory 

 Sample Rate = 200 samples/second 

 Acquisition Length = 24 seconds 

 Repeat = every 3 seconds for 10 times 

 

14. Choose “Trigger” and establish the following settings. 

Trigger = CH 1, Pos Edge 

Trigger Level = 30 mmHg 

15. Exit the Data Acquisition 
Settings dialog.  
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RECORDING 

1. Confirm that the animal is ready and that the 
IRSENSOR is attached to the tail. 

2. Click “Start” in the BIOPAC software window. 

3. Press START button on the front panel of NIBP200A. 

 IRSENSOR will pump up the Cuff automatically. 

 When the Cuff Pressure on A1 reaches 30 mmHg, 
the cuff pressure and tail pulse signals will be 
generated. 

 The recording will stop automatically after 24 
seconds. 

4. Press START to continue with the next measurement 
and repeat as necessary. 

5. Choose File > Save or Save as when done. 

TIP A generally accepted application is that for each animal, 10 measurements are recorded and 
mean values are calculated. In the append mode, 10 consecutive measurements can be made 
in the same file. 

NIBP200A ANALYSIS 

Calculation of Systolic, Diastolic and Mean. 

 
1. Click the Calculation Label. 

2. Select from the list Max, Min, Mean for three different Labels. 

3. Select Channel 1 as channel option. 

4. Select cursor ‘I’ from the cursor option on the bottom right of the screen.  

5. On the graphical display, starting from the point of first pulse, select an area to the maximum. 

6. Review the results for Max (Systolic), Min (Diastolic), and Mean measurements. 
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Calculation of BPM Heart 

  
1. Set a measurement for BPM. 

2. Use the I-beam cursor to select the maximum points of the peaks of the CH2 pulse waveform. 

3. Review the results for BPM (Heart Rate value) for each peak. 

NIBP250 QUICK GUIDE 

PREPARE  

- With unit turned off, attach the sensor and cuff connectors. 

- Turn on unit and wait for the Main Screen to appear. 

- Prepare the animal and attach sensor-cuff to tail.  

 ACQUIRE 

- When preparation is complete: Press the “Start” button on the Main Screen. The button label changes to “Stop” 
and you can halt the acquisition at any time. 

- When the acquisition starts, the unit automatically closes the leakage valve and begins inflating the cuff. 

- After pressure reaches the maximum level, the pump stops and opens the leakage valve to release the pressure.  

- After the pressure is fully released, the acquisition stops. 

NIBP250 ANALYSIS 

The NIBP250’s automated peak detection system marks the peak of each pulse with a white cross, and is enabled 
by selecting the "Peak by peak" option on the Main Screen. This feature makes it easier to identify the individual 
pulses. To determine the systolic and diastolic values: 

1. Select the "Peak by peak" box on the main screen. 

2. Use the right (or left) cursor button to locate the first pulse's white cross and press the "Systolic" button. 
(You may also place the cursor using the touch screen.) The system will record and display the systolic 
blood pressure value. 

3. Use the cursor button (or touch screen) to move to the pulse with the highest peak and then press the 
"Diastolic" button. The system will record and display the diastolic blood pressure value..  

You may change your cursor peak positions at anytime during the analysis. 

After measurement is complete, press the Save button under “Results.” An automatically generated result code 
will be displayed at the top of the results section. 

For analysis in BIOPAC AcqKnowledge or BSL PRO software, see previous page for NIBP200A. 
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SAVE RESULTS 
- Previously saved results can be displayed by pressing the “Load” button under “Results.” 

- Placing the cursor on a desired measurement and pressing OK  will load the recorded pressure, pulse curves and 
previously calculated results. 

- After loading is complete, you can easily evaluate the results and re-analyze any measurements. 

TURN OFF 
- Before turning off the unit, be sure that the current measurement was saved. 
- Power off the unit by switching the power button on the back 

TROUBLESHOOTING 

 Tail Pulse signals are not regular. 
 The animal may be under stress, resulting in excessive tail movement. Remove the animal from the 

RESTRAINER holder until it calms down before continuing with the experiment. 

 The tail may not be sufficiently warmed or cooled down. Put the animal in the Tail Heater Chamber 
and repeat the heating process. Make sure the tail temperature is 32 C. 

 Tail Cuff sizing may be incorrect. Check Table 5 on the following page for sizing descriptions. 

 Tail Cuff Sensor position may be incorrect. Try re-attaching the sensor in a different location on the 
tail. The optimal location is between the mid-point of tail and base of tail (spinal column). 

 Compressor is working continuously. 

 Immediately turn off the NIBP system.  

 Remove the Tubing from the Cuff connector on the panel of NIBP system 

 Turn the system back on.   

 Close the air outlet by pressing the finger on the Cuff output and press the “Start” button. The 
compressor will work for a few seconds and stop (please inform BIOPAC if the Compressor does not 
stop). The pressure chart should be viewable on the screen. 

 If the Compressor stops automatically, it means that the system is working normally.  

 There is leakage in the tubing connections and Cuff of the IRSENSOR. 
 Make sure the tubing is securely attached. 
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BLOOD PRESSURE CUFF AND TRANSDUCER 

 TSD120 for MP160/MP150 System 
 RX120 Series Cuff for TSD120 
 SS19L/LA/LB for MP3x & MP45 System 

  
TSD120 RX120A and RX120F cuff options 

BLOOD PRESSURE MEASUREMENT 

The most common form of indirect blood pressure measurement employs a pressure cuff, pump and pressure 
transducer. This complete assembly is commonly referred to as a sphygmomanometer. 

Typically, the cuff is wrapped around the upper arm and is inflated to a pressure exceeding that of the brachial 
artery. This amount of pressure collapses the artery and stops the flow of blood to the arm. The pressure of the 
cuff is slowly reduced as the pressure transducer monitors the pressure in the cuff. As the pressure drops, it will 
eventually match the systolic (peak) arterial pressure. At this point, the blood is able to “squirt” through the 
brachial artery. This squirting results in turbulence that creates the Korotkoff sounds. The cuff pressure continues 
to drop, and the pressure eventually matches the diastolic pressure of the artery. At that point, the Korotkoff 
sounds stop completely, because the blood is now flowing unrestricted through the artery. 

SETUP 

The graph at right illustrates a typical recording using the TSD120/SS19L. 
 TSD120: Pressure signal is recorded via a DA100C amplifier set to DC, 10Hz LP and a gain of 200.  

 SS19L/LA/LB: To record the pressure signal, Select SS19L/LA/LB preset from the MP3x/MP4x > Set 
Up Channels menu. 

RECORDING 
As the cuff is wrapped around the upper arm of the subject, be sure to 
place the physiological sounds transducer underneath the blood 
pressure cuff, directly over the brachial artery. Transducer 
placement is very important to get the best possible recordings of 
Korotkoff sounds. Finish wrapping the cuff around the upper arm and 
secure it with the Velcro® seal. Now, start inflating the cuff with the 
pump bulb. 

The pressure trace shows the hand pump driving the cuff pressure up 
to about 150 mmHg. Then the cuff pressure is slowly released by 
adjusting the pump bulb deflation orifice. Notice that the Korotkoff 
sounds begin appearing when the cuff pressure drops to about 125 
mmHg (bottom trace). As the pressure continues to drop, the 
Korotkoff sounds eventually disappear, at about 85 mmHg. The 
systolic pressure would be identified at 125 mmHg and the diastolic pressure would be 85 mmHg. 
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CALIBRATION 

A) TSD120  
The TSD120’s built-in pressure transducer will require an initial calibration prior to use. To calibrate the 
transducer, wrap the cuff into a roll and begin to inflate the cuff slowly with the pump bulb. The pressure change 
will be noticeable on the mechanical indicator. Set the cuff pressure to one lower pressure (typically 20 mmHg) 
and then one higher pressure (typically 100 mmHg). In this manner the pressure transducer can be calibrated 
using the standard procedure in the SCALING dialog (in AcqKnowledge). To use the cuff at a future date, simply 
save the calibration settings in a stored file. 

See also: DA100C Calibration options. 

B) SS19L 

The built-in pressure transducer of the SS19L/LA/LB requires an initial calibration prior to use. To calibrate the 
transducer, wrap the cuff into a roll and begin to inflate the cuff slowly with the pump bulb. Notice the pressure 
change on the mechanical indicator. Set the cuff pressure to one lower pressure (typically 20 mmHg) and then one 
higher pressure (typically 100 mmHg). In this manner the pressure transducer can be calibrated using the standard 
procedure in the Scaling dialog box of the BSL PRO software. To use the cuff at a future date, simply save the 
calibration settings as a New Channel Preset or in a graph template or data file. 

C) SS19LA/LB  
SS19LA/LB uses an on-screen gauge display only and does not include a 
physical gauge. Gauge color can be set under Lesson Preferences.  
NOTE: The SS19LB is only compatible with BSL 4.1 and higher. 

 BSL 3.7.7  

1. With cuff deflated, connect the SS19LA to the desired MP unit input 
channel.  

2. Set the input channel preset to Blood Pressure Cuff SS19LA (MP > Set 
Up Channels > SS19LA  preset) 

3. Click on “View/Change Parameters” > “Scaling”. 
4. Click the CAL 1 button 
5. Add the CAL 1 input value to the CAL 2 input value. 
6. Click OK and close dialogs. 

BSL 4 

1. Repeat steps 1 and 2 from above. 
2. Click “Setup” > “Scaling”. 
3. Click the CAL 2 button 
4. Add the CAL 2 input value to the CAL 1 input value and click OK. 

 
NOTE: The SS19LA/LB is not 
compatible with MP45 Systems 
(USB chip conflict). Use SS19L 

with MP45 Systems. 
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Example in BSL 4 – initial scaling dialog (SS19LA): 

 
 

Clicking CAL 2 results in an Input value of 0.071 mV. 

 
Adding 0.071 to the initial value of 61.44 results in an 
adjusted CAL 1 value of 61.51 mV. (Your result may 
vary slightly from the example). 

NOTE: For the SS19LB, the default initial scaling values are: CAL1 = 40.96, Map value = 258.57 

IMPORTANT: CAL 1 and CAL 2 values are reversed between BSL 3.7.7 and BSL 4. 

BLOOD PRESSURE CUFF SPECIFICATIONS 

 
Pressure range: 20 mmHg to 300 mmHg 
Manometer accuracy: ±3 mmHg 
Output: 5 µV/mmHg (normalized to 1 V excitation) 
Cuff circumference range: 25.4 cm to 40.6 cm (as shipped with RX120 d; cuff is switchable) 
Cuff Dimensions: 14.5 cm (wide) x 54 cm (long) 
Weight: 350 grams 
Cable Length: 3 meters, shielded 
Interface: 
 TSD120 DA100C 
 SS19L/LA/LB MP3x/4x 
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RX120 SERIES BLOOD PRESSURE CUFFS  

The RX120 series are optional blood pressure cuffs, of varying sizes, which can be quickly and easily swapped in 
and out of the noninvasive blood pressure cuff transducer. Use a single transducer and substitute one cuff for 
another to accommodate a wide range in limb circumferences. 

RX120 SPECIFICATIONS 

Cuff  Circumference Width Length 
Range (cm) (cm) (cm) 

RX120A 9.5-13.5 5.2 18.5 
RX120B 13.0-19.0 7.5 26.1 
RX120C 18.4-26.7 10.5 34.2 
RX120D 25.4-40.6 14.5 54.0 
RX120E 34.3-50.8 17.6 63.3 
RX120F 40.6-66.0 21.0 82.5 
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Tri-axial accelerometer  
uses 3 channel inputs 

TRI-AXIAL ACCELEROMETERS 

SS26LB, TSD109C3 and TSD109C2-MRI (±5 g) 
SS34L and TSD109J1 (±200 g) 
BN-ACCL3 
Tri-Axial Accelerometers connect directly to BIOPAC hardware and 
require no additional amplification. They provide three outputs, each 
simultaneously measuring acceleration in the X, Y, and Z directions. 
They are the same size and can be used on any part of the body or on 
external equipment.   

• ±5 g accelerometers are optimal for measuring accelerations 
when performing slow movements, such as walking. 

• ±200 g accelerometers are optimal for measuring quick movements, such as swinging a tennis racket or 
high impact events commonly encountered in exercise physiology experiments. 

The transducers can be used on any part of the body or attached to external equipment. The pliable and 
unobtrusive design conforms readily to body contours and includes a Velcro® strap for easy attachment.  
For the TSD109C2-MRI: Strap the accelerometer on finger, wrist, toe, or foot. To minimize artifact associated 
with cable tugging, during movement activities, tape the sensor securely in place using TAPE1. The sensor 
cabling can be secured to the subject via a thermally insulating sleeve, such as nylon wire loom. The loom will 
permit the cable to travel freely during subject motion. 
The frequency response extends from DC to 500 Hz. The accelerometers are extremely accurate and can easily be 
calibrated by simply changing their orientation in three-dimensional space, so that gravity (G=1) acts only upon 
the desired axis. Trace metallic parts do not make contact to the subject; must be used with 3-axis MECMRI-9 
cables provided. 

MRI Use (TSD109C2-MRI): MR Conditional to 7T 

Note:  Use with provided MECMRI-9 cable and MRIRFIF filter. Conductive parts of transducer are 
electrically and thermally isolated from subject.  

Equipment 
• The SS26LB/SS34L accelerometers connect to the MP36/35 Data Acquisition Unit. 
• The TSD109 series accelerometers connect to the AMI100D or HLT100C High Level Transducer 

module. 
• The TSD109C2-MRI is intended for MRI use and ships with a longer (10 m) cable, plus an MECMRI-

HLT/AMI (2 m) interface cable and filter set (MRIFIF). 
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Accelerometer Specifications (SSL/TSD) 
 SS26LB / TSD109C3 / TSD109C2-MRI SS34L / TSD109J1 

Range (Output): ±5 G  ±200 G 
Noise: 0.5 mG/SQRT[Hz] (rms) 4.3 mG/SQRT[Hz] (rms) 
Bandwidth: DC-500 Hz (-3 dB) DC-1000 Hz (-3 dB) 
Nonlinearity: ±0.2% of FSR ±0.5% 
Cross-axis Sensitivity: ±1% of FSR ±1.4% 
Package Alignment Error: ±1° N/A 
Interaxis Alignment Error: ±0.1° N/A 
Power: +5 V @ 25 mA  +5 V @ 10 mA 
Noise: 0.25 mG/sqrt(Hz) rms 0.25 mG/sqrt(Hz) rms 
Supply Current: 0.5 mA 0.5 mA 
Supply Voltage: +5 V (nominal) +5 V (nominal) 
Supply Voltage Range: 4 V – 6 V 4 V – 6 V 
Interface: MP36/35 Data Acquisition Unit (SS26LB, SS34L) 

MP160/150/AMI100D/HLT100C Module (TSD109J1, TSD109C3, TSD109C2-MRI) 
Package: Compliant silicone housing 
Dimensions: 16 mm (L) x 17 mm (W) x 8 mm (H) 
Weight: 4.5 grams 
Sterilizable: Yes (contact BIOPAC for details) 
Cable length:  3 meters (10 meters for TSD109C2-MRI) 
Operational Temp: 0-50° C 
Operational Humidity: 0-95% non-condensing 

NOTE: The SS26LA (±5 G) was discontinued in September of 2013 and the SS27L and TSD109F (±50 G) were discontinued 
in May of 2015. 

  The TSD109C2 and TSD109J were discontinued in February of 2019. Current offerings are TSD109C3 and 
TSD109J1 to support AMI100D and HLT100C interface module compatibility. 

Gain Constant and Offset Specifications (SSL/TSD) 
Type Gain Constant Offset @ 0 G (Typical) 

SS26LB 125 mV/g 1 V 

SS34L 1.6 mV/g 340 mV 

TSD109C3 / TSD109C2-MRI 200 mV/g 1.5 V 

TSD109J1 7 mV/g 1.45 V 

Hardware Setup  
The accelerometers have three output connectors, one each for the X, Y, and Z axes. Each output connector must 
be connected to an MP3X input channel (SS26LB/SS34L,) or to the appropriate AMI100D/HLT100C input 
channel (TSD109 series). For example, connect the X-axis to Channel 1, Y-axis to Channel 2, and Z-axis to 
Channel 3.  

IMPORTANT 

Make sure the selected channel is not already assigned to any other BIOPAC module; up to 5 Accelerometers 
can be used with a single MP System. If contention exists, the channel data will be corrupted. 

See also: Setup notes for external devices and channel contention issues. 
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Software Setup 
SS26LB/SS34L:  
a) Select MP3X > Set Up Data Acquisition > Channels > Setup and enable 

three analog channels, one for each axis. 

b) For each channel, select the appropriate Accelerometer Preset (5 g or 200 
g) from the Preset list. 

c) Click on Setup and then click on Scaling: 

d) In the Map value fields, enter the scaling factors required, -1 for Cal 1 and 
1 for Cal 2. 

e) Enter “g” for the Units label, as shown. (This unit should appear by default in Accelerometer presets.) 

f) Take the accelerometer and rest it in the upright position on the tabletop. 

g) Calibrate the device by rotating it through 180° and taking a calibration reading at each point. 

h) To calibrate the Y-axis, start with the transducer sitting on the table, face up, and click Cal 1. Rotate the 
transducer 180°, so that it is now sitting upside down, and click the Cal 2 button. This procedure must be 
followed for each axis. A label on the front of the transducer displays the X- and Y-axes. The Z-axis rotates 
from the end with the label and the end with the cable. 

TSD109 Series:  
a) Select MP160/150 > Set Up Data Acquisition > Channels > Add New Module. 

b) Choose AMI100D or HLT100C-A1 from the module type list and click “Add.” 

c) Choose TSD109C (5 g) or TSD109J (200 g) from the transducer list and click “OK.” 

d) Follow the onscreen calibration dialogs. 

e) Repeat steps a-d for channels A2 (Y-Axis) and A3 (Z-axis). 

Testing Calibration 
To see if the calibration is correct: 

a) Start acquiring data (for the test procedure, a sample rate of 50 
samples per second should be used). 

b) Rotate the accelerometer 180° through each axis. 

c) Set the vertical scale to 1 and the midpoint to 0 for all channels. 

d) Repeat the calibration procedure (by rotating the transducer 180°) 
through each axis. 

e) Visually confirm the correct calibration. 

The screen shot above shows a tri-axial accelerometer being rotated through each axis. Channel 1 (X-axis) shows 
the signal moving from 1 g to -1 g as the transducer is rotated. Likewise, Channel 2 (Y-axis) shows the same 
phenomenon as previously described. Finally, Channel 3 (Z-axis) has also been tested and the  
calibration confirmed. 
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BIONOMADIX WIRELESS ACCELEROMETER 
The BioNomadix wireless Tri-axial Accelerometer (BN-ACCL3) is a 
broad spectrum acceleration measurement system. The transmitter can 
be attached to any part of the subject's body to measure three-axis 
acceleration associated with movement in that particular location. 

The system comes factory preset to support an operational range of 
±16 G, with a maximum system bandwidth of 400 Hz.  Ranges can be 
set to as low as ±2 G with bandwidths as low as 3 Hz. 

The system can also be configured to act as a "tap detector," detect 
either single or double taps. In this mode, the system can act as an 
event recorder for self-report. When "double-tapped," for example, the 
system will output a pulse to precisely mark the time location of the 
observed event. 

In Acceleration measurement mode, the BN-ACCL3 will output X, Y 
and Z acceleration values on three associated channels. The system is 
very well suited for mobile applications. The system can measure the acceleration of gravity (static) for tilt-
sensing and can also measure very fast-changing, dynamic acceleration resulting from rapid movement or impact. 
BN-ACCL3 Specifications 

See also: Tri-Axial Accelerometer Application Notes 141, 266 and 273 here. 

BioNomadix BN-ACCL3 

Signal type:   G (X, Y, Z) 
Bandlimits Max: 
 Factory preset: 
 Filter Options: 
Alternative signal:  

±2, ±4, ±8 or ±16 G 
± 16 G at 400 Hz LP 
DC to 3.13 Hz LP  up to 400 Hz LP (in power of 2 steps) 
Tap Event Mark Mode (replaces G) 

Resolution: X: 5 mg (rms), Y: 6 mg (rms), Z: 9 mg (rms) (±2 G scale at 400 Hz LP) 
Signal range: Selectable: ±2, ±4, ±8 or ±16 G  
Output Voltage range: ±10 V (receiver output) 
Transmitter type & rate Type: Ultra-low power, 2.4 GHz bi-directional digital RF transmitter   

Rate: 2,000 Hz (between transmitter and receiver) 

Delay: Large fixed component (12.5 ms) and small variable component (±0.5 ms) 
Operational range: 10 meters (line-of-sight) typical in standard laboratory setups. See also: Operational Range and 

Characteristics. 
Operational temp: 5-45° C 
Operational humidity: 0-95% non-condensing 

Transmitter Battery: 
Charger: 

BioNomadix transmitters use an L-ion battery: full charge takes approx. 1 hour to provide maximum 
operating time. 
A battery charger is included with each module pair. See BN-CHARGER for charge time and 
recharge cycle details. 

Operating time: 72-90 hours 

Receiver Power: Use with an MP Research System or with isolated power supply IPS100C/D for 3rd-party data 
acquisition system. 

Included strap: 33 cm - BN-STRAP33 

Size & Weight: Transmitter (approx.): 6 cm x 4 cm x 2 cm; 54 grams; Receiver (approx.): 4 cm x 11 cm x 19 cm; 
380 grams 

Input: Attach BioNomadix transmitter to subject – no additional hardware input required; sensor is internal 
to transmitter. 

http://www.biopac.com/ApplicationNotes.asp
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SS53L – SS55L DIGITAL SWITCH SERIES  

 
Use for remote even marking or to externally trigger 
data acquisition for psychophysiological response tests 
Monitor switch data as a digital input channel. 
Connects to the digital input on the MP36/35 only. 
 
SS53L Hand switch  
See Lessons H11, H16, H24, H27, H30. 
 
SS54L Foot switch  
See Lessons H11, H16, H24, H27, H30. 

 
Switch Type: Pushbutton: ON - OFF 
Dimensions: 69 mm (wide), 90 mm (long), 26 mm (high) 
Cable Length: 1.8 meters 
Connector Type:  DSUB 25f 

 

 
 
 
 
 
 
 
SS55L Eight-channel Marker Box 
See Lessons H11, H16, H24, H27, H30. 
Independently mark events, or provide responses, on 
up to eight channels simultaneously. Assign separate 
digital channels as event markers for individual 
analog input channels. Easily customize the response 
scale by inserting the parameters into the scale 
sleeve on the front of the unit. 
 

Switch Type: Pushbutton: ON - OFF 
Dimensions: 19 cm (wide), 11 cm (deep), 4 cm (high) 
Cable Length: 3 meters 
Connector Type: DSUB 25f 
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