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Thermal Expansion Apparatus

TD-8856

Included Items 

Introduction
The PASCO Thermal Expansion Apparatus provides easy and accurate measurements of the coefficient 
of linear expansion for brass, copper, and aluminum. 

To make a measurement, the brass, copper, or aluminum tube is placed on the top position of the appara-
tus frame. The length of the tube is measured at room temperature, and then steam is passed through it. 
The expansion of the metal is measured with 0.01 millimeter resolution using the built-in digital measure-
ment indicator. Temperature is measured to within 0.5°C using a 10,000 ohm (10 kilo-ohm) thermistor that 

Item Description Item Description
1 Digital Measurement Indicator 7 Thumbscrew

2 Thermistor Conversion Table 8 Tubing Adapter

3 Metal Tube (aluminum, copper, or brass) 9 Thermistor Cable Assembly (3)

4 Metal Tube (aluminum, copper, or brass) 10 Hook and Loop Cable Tie (3)

5 Rubber Tubing, 9.25 mm O.D., 6.35 mm I.D 11 Foam Insulation (3)

6 Frame 12 Metal Tube 

*(Warning label is wrapped 
around the frame tube.)
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is attached to the center of each metal tube and covered with foam insulation. The output from the therm-
istor can be read using a digital ohmmeter or a PASCO temperature sensor that accepts the thermistor’s 
stereo phone plug (such as PS-2125 PASPORT Temperature Sensor). If you wish to investigate the 
expansion of the metals at additional temperatures, hot or cold water can be passed through the tubes.

This manual contains descriptions of the included equipment, complete instructions for the experiment, 
and additional information.

Equipment
The Thermal Expansion Apparatus has a 74 cm 
long base with a built-in digital measurement indi-
cator. The digital indicator has three control but-
tons: ON/OFF, ZERO, and inch/mm, When one of 
the metal tubes is mounted in the frame, the end 
of the digital indicators pointer rests against the 
circular disk attached to the tube. The digital indi-
cator end of the frame is slightly lower than the 
other end in order to allow liquid to drain out of the 
metal tube. 

The three metal tubes are approximately 83.18 cm 
(32.75 in) in length, with a 1.27 cm (0.50 in) out-
side diameter. The material for each of the tubes 
is as follows:

• Aluminum: drawn aluminum tube, 6061-T6

• Brass: drawn brass tube, C270

• Copper: hard drawn copper tube, C122

Each tube has a 10 k thermistor attached at its midpoint. A thermal paste is spread between the thermis-
tor and the surface of the tube. The foam insulation on each tube helps to avoid heat loss at the thermistor 
connection point. The thermistor cable assembly connects directly to a port on the “high” end of the frame. 
A digital ohmmeter connects to the banana jacks just below the port. 

The apparatus includes a piece of Norprene® (neoprene) rubber tubing approximately 1 m (39”) long with 
a tubing adapter at one end. The tubing adapter fits snugly over the end of the metal tube. The other end of 
the tubing can be connected to a steam generator (such as the PASCO TD-8556).

Additional Equipment Required

The following items are needed to perform the experiment:

• A source of steam or hot water, such as the PASCO TD-8556 Steam Generator.

• A digital ohmmeter (or multimeter that reads resistance). NOTE: Depending on what is included 
with the meter, you may also need banana plug patch cords for connecting the apparatus to the 
meter. See the PASCO web site at www.pasco.com for more information about meters and banana 
plug patch cords.

• A container to catch any water as it drains out of a tube. 

ME-5702: Basic Plastic Cart/Metal Track 1.2 m System

ON/OFF 
button

ZERO 
button

inch/mm 
buttonPointer
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Using a PASCO Sensor with the Apparatus
The thermistor cable assembly can also connect directly to the stereo port found on several PASCO tem-
perature sensors and MultiMeasure ™ sensors. Examples are the PS-2125 PASPORT Temperature Sen-
sor and the PS-2168 PASPORT General Science Sensor.

Using a PASCO sensor with the apparatus requires an interface and software. 

Steam Generator

Digital Meter Patch Cords

Thermistor Cable 
Assembly in Stereo 

Phone Port

PASCO 
Temperature 

Sensor

Thermistor Cable Assembly in 
Stereo Phone Port
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An interface for the PASCO Temperature or MultiMeasure Sensor

PASCO offers several interfaces that support temperature sensors and MultiMeasure sensors. Examples 
include: PS-3200 Wireless AirLink, PS-2011 SPARKlink Air, UI-5001 550 Universal Interface, and the 
UI-5000 850 Universal Interface. See the PASCO web site at www.pasco.com for more information.

PASCO Capstone Software or SPARKvue 

PASCO Capstone Software is best for Windows or Mac in Physics and 
Engineering laboratories. The site license allows students to use it at home.

Use SPARKvue if you are on a mobile platform: iOS, Android, or Chrome.
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Notes on Temperature Measurement
A thermistor’s resistance varies reliable with temperature. The resistance can be measured with an ohm-
meter and converted to a temperature measurement using the conversion table provided on the tag 
attached to the apparatus and also found at the end of this manual. Although the relationship between 
temperature and resistance is not linear, a linear approximation can be accurately used to interpolate 
between table data points with an accuracy of approximately ±0.2°C.

The thermistor used to measure the tube temperature is embedded in that thermistor lug that is fastened to 
the tube. Once thermal equilibrium has been reached, the heat is highly uniform along the length of the 
tube. The foam insulation is used to inhibit heat loss th rough the thermistor lug so the lug temperature 
closely follows the tube temperature. The insulator does not have an appreciable effect on the local tem-
perature of the tube itself. 

WARNING! HIGH TEMPERATURE

The metal tube gets hot during the experiment. Steam can cause burns. Do not touch the metal tube 
during operation.

Accepted Values for the Coefficient of Thermal Expansion, L

Replacement Parts

Contact PASCO Technical Support regarding possible replacement parts.

Material L(x 10-6/°C) Composition (%)

Aluminum (6061-T6) 23.6 Al (95.8 - 98.6), Mg (0.80 - 1.2), Fe (<0.70), Si (0.40 - 0.80)

Brass (C270) 20.3 Brass (63 - 68.5), Zn (31.3 - 37), Pb (0.1), Fe (0.07)

Copper (C122) 17.0 Cu (99.9), P (0.02 nominal)
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Technical Support
For assistance with any PASCO product, contact PASCO at:

Limited Warranty
For a description of the product warranty, see the PASCO catalog.

Copyright
This PASCO scientific Instructions and Experiments is copyrighted with all rights reserved. Permission is granted to non-profit 
educational institutions for reproduction of any part of this manual, providing the reproductions are used only in their laboratories and 
classrooms, and are not sold for profit. Reproduction under any other circumstances, without the written consent of PASCO scientific, 
is prohibited.

Trademarks
PASCO and PASCO scientific are trademarks or registered trademarks of PASCO scientific, in the United States and/or in other 
countries. All other brands, products, or service names are or may be trademarks or service marks of, and are used to identify, 
products or services of, their respective owners. For more information visit www.pasco.com/legal.

Address: PASCO scientific
10101 Foothills Blvd.
Roseville, CA 95747-7100

Phone: 916-462-8384 (worldwide)
800-772-8700 (U.S.)

Web: www.pasco.com
Email: support@pasco.com
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Experiment: Measuring the Coefficient of Linear Expansion 
for Aluminum, Brass, and Copper

Introduction

Most materials expand somewhat when heated through a temperature range that does not produce a 
change in phase. The added heat increases the average amplitude of vibration of the atoms in the material 
which increases the average separation between the atoms.

Suppose an object of length L undergoes a temperature change of magnitude ΔT.  If ΔT is reasonably 
small, the change in length, ΔL, is generally proportional to L and ΔT. Stated mathematically:

where α is called the coefficient of linear expansion for the material.

For materials that are not isotropic, such as an asymmetric crystal for example, α can have a different 
value depending on the axis along which the expansion is measured.  The coefficient α can also vary 
somewhat with temperature so that the degree of expansion depends not only on the magnitude of the 
temperature change, but on the absolute temperature as well.

In this experiment, you will measure α for aluminum, brass, and copper.  These metals are isotropic so that 
a need only be measured along one dimension.  Also, within the limits of this experiment, a does not vary 
with temperature.

Procedure

1. Measure L, the length of the aluminum tube at room temperature. Measure from the inner edge of 
the larger circular disk on one end to the inner edge of the smaller circular disk at the other end 
(see Figure 1).  Record your results in Table 1.

2. Mount the aluminum tube in the appara-
tus frame as shown in Figure 2. The 
smaller circular disk on the tube fits into 
a slot on the “high” end frame. The larger 
circular disk on the tube presses against 
the tip of the spring arm of the dial indica-
tor.

3. Turn the metal tuabe so that the thermistor lug under the foam insulation is on top. Connect the 
phone plug on the end of the thermistor cable into the phone port on the “high” end frame, or into 
the phone jack on a compatible PASDCO sensor.

Required Equipment 
Thermal Expansion Apparatus Steam Generator

Container (to catch water) Meter Stick or Measuring Tape

L L T  

Figure 1

Figure 2

Digital Indicator
Spring 

Pin

Disk

Disk
Tubing 
Adapter

Thumb-
screw

Phone Plug



�

Thermal Expansion Apparatus TD-8856

8 012-15346A

4. Tighten the thumbscrew in the “high” end frame against the tube until it can no longer be moved. .

5. Make sure that the foam insulator is centered over the thermistor lug.  

6. If you are used an ohmmeter (or multimeter), plug the leads of your ohmmeter into the banana 
plug connectors on the “high” end frame just under the phone plug port.

7. Measure and record Rrm, the resistance of the thermistor at room temperature. Record this value 
in the table.

8. Attach the tubing adapter of the rubber tubing to the end of the aluminum tube. (Attach it to the end 
farthest from the digital indicator.) Connect the other end of the tubing to the steam generator.

9. Place a container under the other end of the tube to catch the draining water that condenses in the 
tube.

10. Press the ON/OFF button on the digital indicator to turn it on. Press the ZERO button to set the ini-
tial digital reading to zero. As the tube expands, the spring pin of the digital indicator will stay in 
contact with the larger circular disk on the tube.

11. Turn on the steam generator. As steam begins to flow, watch the digital display and the resistance 
reading on the ohmmeter (or computing device). When the thermistor resistance stabilizes, record 
the resistance (Rhot) in Table 1. Also record the expansion of the tube length (ΔL) as indicated by 
the display on the digital indicator. 

• Repeat the experiment for the other two metal tubes.

Data and Calculations

Table 1: Results

1. Use the Conversion Table at the end of this manual, or the one attached to the frame tube of the 
apparatus, to convert your thermistor resistance measurements, Rrm and Rhot, into temperature 
measurements, Trm  and Thot.  Record your results in the table.

2. Calculate ΔT = Thot - Trm.  Record the result in the table.

3. Using the equation , calculate α for aluminum, brass, and copper.

• Aluminum = ___________

• Brass = ____________

• Copper = _______________

Data Calculations
Tube L (mm) Rrm () ΔL (mm) Rhot () Trm (°C Thot (°C) ΔT (°C)

Aluminum

Brass

Copper

L L T  
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Questions

1. Look up the accepted values for the linear expansion coefficient for aluminum, brass, and copper. 
Compare these values with your experimental values. What is the percentage difference in each 
case? Is your experimental error consistently high or low?  

2. On the basis of your answers in question 1, speculate on the possible sources of error in your 
experiment. How might you improve the accuracy of the experiment?

3. From your result, can you calculate the coefficients of volume expansion for aluminum, brass, and 
copper?  (i.e. ΔV = αvolV ΔT)
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Thermistor Conversion Table
Temperature Versus Resistance
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Teacher’s Notes

Notes on Procedure

If you allow too much time to elapse before making your length measurements, the digital indicator spring 
pin will absorb heat, which will decrease the measurement. The thermistor takes longer to reach equilib-
rium than the tube, though, so you must allow a little time for your temperature measurement to stabilize.

To get the best results despite these problems, record the maximum change in length shown on the digital 
indicator display, and the minimum resistance recorded by the ohmmeter (or computing device).

Notes on Questions

1. The answers about how well the experimental values compare to the accepted values will vary. 
Sample data show percent difference of 2% or less. Answers about the difference in values being 
consistently high or low will vary.

2. Answers about possible sources of error and improvement of the accuracy of the experiment will 
vary.

3. From your result, can you calculate the coefficients of volume expansion for aluminum, brass, and 
copper?  (i.e. ΔV = αvolV ΔT).

One possible answer is αvol = (αlinear)³



�

Thermal Expansion Apparatus TD-8856

12 012-15346A



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


