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Materials Science and Engineering: Curricula Compliant Experiments -
for your educational needs

PHYWE™ experiments have been matched to the curricula of more than 30 selected universities
worldwide. The interaction between PHYWE's experiments and the supporting content of
experimental lectures and lab courses has led to the creation of a teaching package that is
highly relevant to the curriculum worldwide.

Materials Science and Engineering
Bachelor of Science Course - Reference Curriculum
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Experiments
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Tutorial,
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More than 80% of the experimental courses are covered by PHYWE experiments!

- PHYWE Experiments available in this catalogue - Please refer to TESS expert Physics catalogue - Please refer to TESS expert Chemistry catalogue
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Geo Science: Curricula Compliant Experiments -
multidisciplinary education with PHYWE

Geo science is one of the most multidisciplinary subjects taught in natural sciences. The first
semesters or introductory courses cover general topics in physics, chemistry and biology followed
by classical topics of geo science such as: geology, petrology, palaeontology, mineralogy, environment
(climate, soil, water), spectroscopy, or X-ray analyses. Find corresponding experiments in this
catalogue or refer to our TESS expert and Demo expert cataloques Physics, Chemistry or Biology.

Geo Science
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Experiments Geology and Petrology
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e than 60% of the experimental courses are covered by PHYWE experiments!

- PHYWE Experiments available in this catalogue.

- Please refer to TESS expert Physics catalogue - Please refer to TESS expert Chemistry catalogue **% Please refer to TESS expert Biology catalogue
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Overview TESS expert Engineering

2 Applied Mechanics

P2260560 LDA - Laser Doppler Anemometry (with 34
2.1 Statics Cobra4)

15 P5142100 Flow Measurement Ultrasonic Doppler 35
effect

P2120300 Mechanical hysteresis

P1253500 Torque 16 P2151000 Optical determination of the velocity of 37

sound in liquids

P5160900 Shear waves in solid state materials 18

P2130101 Hooke's law 19 P2151200 Temperature dependence of the velocity 38
of ultrasound in liquids

P2131305 Moment of inertia and angular accelera- 21 P2150605 Velocity of sound using Kundt's tube and 40
tion with a precision pivot bearing digital function generator

P2150405 Acoustic Doppler effect with universal 41
P2131311 Moment of inertia and angular acceler- 21 counter
ation and with an air bearing (with Co-
bra3)

P2152460 Ultrasonic Doppler effect (with Cobra4) 42

P2131360 Moment of inertia and angular accelera- 21 3 Materials Science
tion (with Cobra4)

3.1 Mechanical Properties

P2132801 Moment of inertia / Steiner's theorem 22
P2133000 Torsional vibrations and torsion modulus 45

#‘
(o))

P2120200 Modulus of elasticity
P2132701 Forced oscillations - Pohl's pendulum 24

P2130160 Hooke's law (with Cobra4) 46

3.2 Magnetic Properties

P2131900 Laws of gyroscopes / 3-axis gyroscope 25
14440-62 Software "Measure Dynamics", campus 27 e Fgrromagnghsm, PEREIIELR Sl e
diamagnetism

licence

2.3 Fluiddynamics and Aerodynamics

P2538500 Investigate in magnetic micro and nano 49

P2140200 Surface of rotating liquids 29 ?truv;ures by Magnetic Force Microscopy
MFM

3.3 Thermal and Electrical Properties

P2140400 Viscosity measurement with the falling 31
ball viscometer

P2310200 Thermal expansion in solids 50

P2140700 Barometric height formula 33 UL (R ey o sl a1

PHYWE Systeme GmbH & Co. KG - www.phywe.com




Overview TESS expert Engineering

P2350200 Thermal and electrical conductivity of 52
metals

P2410401 Temperature dependence of different
resistors and diodes with a multimeter

P2530101 Hall effect in p-germanium

P2530260 Hall effect in n-germanium (with Co- 55
bra4)

P2260106 Faraday effect with optical base plate 56

P2420600 Dielectric constant of different materials 57

3.4 X-ray Structural Analysis

P2541401 X-ray investigation of cubic crystal struc- 62
tures / Debye- Scherrer powder method

P2541602 X-ray investigation of crystal structures
| Laue method with digital X-ray image
sensor (XRIS)

3.5 X-ray Fluorescence Analysis

P2545001 Quantitative X-ray fluorescence analysis 65
of alloyed materials

P2544501 Qualitative X-ray fluorescence spectro-
scopy of metals - Moseley's law

3.6 Nanotechnology

P2532000 Atomic Resolution of the graphite sur- 68
face by STM (Scanning Tunnelling Micro-
scope)

P2535000 Quantum Mechanics by STM - Tunneling 68
Effect and Charge Density Waves

PH IWE excellence in science

P2534500 Self-assembled molecular networks of 69
TMA and hexadecanol by STM

P2537000 Roughness and nanomorhology of differ- 70
ent metal samples by STM

P2538000 Basic methods in imaging of micto and 72
nanostructures with atomic force micro-
scopy (AFM)

P2538100 Basic methods in force spectroscopy to 74
investigate material characteristics with
atomic force microscopy (AFM)

P2538500 Investigate in magnetic micro and nano- 76
structures by Magnetic Force Microscopy
(MFM)

3.7 Metallography

P5510200 Metallographic sample preparation - 78
chemical etching

4 Non-destructive Testing (NDT)

4.1 X-ray Investigations

P2542701 Debye-Scherrer diffraction measure- 83
ments for the examination of the texture
of rolled sheets

P2545001 Quantitative X-ray fluorescence analysis 84
of alloyed materials

P2545201 X-ray fluorescence spectroscopy / layer 85
thickness determination

09110-88 XRE 4.0 X-ray expert set 87

09057-40 XR 4.0 X-ray Direct Digital Image Sensor 88
(XRIS) with USB cable
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14421-61 XR 4.0 Software measure CT 88

4.2 Ultrasonic Testing

P5160200 Ultrasonic echography (A-Scan) 91

P5160400 Angle beam measurement 93

P5160600 Detection of discontinuities 95

P5160800 Attenuation of ultrasound in solid state 97
materials

P5161000 Determination of the focus zone 99

P5161200 Ultrasonic computertomography 101
4.3 Other Methods of NDT

P2538100 Basic methods in force spectroscopy to 102
investigate material characteristics with
atomic force microscopy (AFM)

P2538500 Investigate in magnetic micro and nano- 102
structures by MagneticForce Microscopy

(MFM)

P2537000 Roughness and nanomorhology of differ- 103
ent metal samples using by STM

P2220900 Michelson interferometer - High Resolu- 105
tion

5 Electrical Engineering

5.1 Preparatory Courses

PHYWE Systeme GmbH & Co. KG - www.phywe.com

15266-88 TESS advanced Physics Electricity/Elec- 108
tronics Building Block System, supple-
mentary set Electromagnetism and In-
duction

13470-88 TESS advanced Electronics necessary ac- 108
cessories for 1 group

01054-00 Software interTESS Physics,
Electronics, DVD

Electrics / 108

15250-88 TESS advanced Physics set Equipotential 109
lines and electric fields

13029-02 TESS advanced Physics manual Equipo- 109
tential lines and Electric field

07880-02 TESS advanced Physics manual Electric 109
Motor / Generator

30505-77 Electrochemical measurement set 110

13230-77 TESS advanced Physics set Magnetism, 110
MAG

01055-00 Software interTESS Physics, Electrostatics 110
| Magnetism, Equipotential lines, DVD

5.2 Properties of Electrical Devices

P2410460 Temperature dependance of different 112
resistors and diodes (with Cobra4)

P2420600 Dielectric constant of different materials 113

P2420201 Charging curve of a capacitor / charging 114
and discharging of a capacitor
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P2420760 Switch-on behaviour of a capacitor and 115
an inductance with the FG module (with
Cobra4)

P2440560 Capacitor in the AC circuit (with Cobra4) 116

P2440460 Coil in the AC circuit (with Cobra4) 117

P2430201 Magnetic field of single coils/ Biot-Sav- 118
art's law with a teslameter

P2441260 Induction impulse (with Cobra4) 119

P2440201 Magnetic induction 120

P2440360 Inductance of solenoids (with Cobra4) 121

P2440100 Transformer 123

P2530101 Hall effect in p-germanium 125

P2530160 Hall effect in p-germanium (with Co- 125
bra4)

P2530401 Band gap of germanium 126

P2530411 Band gap of germanium (with Cobra3) 126

P3061262 Temperature dependence of the electro- 128
motive force (with Cobra4)

P2410700 Semiconductor thermogenerator - See- 130
beck effect

5.3 Properties of Electrical Circuits

P2410560 Kirchhoff's laws (with Cobra4) 132

P2410101 4 Point Method / Measurement of low 133
resistances / Ohm's Law

P2440660 RLC circuit (with Cobra4) 135

P2440801 RC filters 137

P2440960 High-pass and low-pass filters (with Co- 138
bra4)

P2450201 Coupled resonant circuits 139

P2450360 Forced oscillations of a nonlinear elec- 140
trical series resonant circuit - chaotic os-
cillation (with Cobra4)

6 Renewable Energy

6.1 Preparatory Courses

09493-88 Demo Applied Sciences Set Renewable 142
Energy ENT2

12608-88 C(obra4 wireless, extension set for re- 142
newable energy: electric parameters,

temperature

6.2 Basic Principles

P3010701 Thermal conductivity of gases 144

P1043960 Specific heat capacity of water (with Co- 145
bra4)

P2320260 Heat capacity of gases (with Cobra4) 145

P2330160 Heat capacity of metals (with Cobra4) 146

P2330260 Mechanical equivalent of heat (with Co- 147
bra4)

P3011260 Amontons' law (with Cobra4) 148

P2410200 Wheatstone bridge 134

PH IWE excellence in science
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P3021701 Determination of the heating value of 149
fuel oil and of the calorific value of olive
oil

P2410960 Characteristic curves of semiconductors 151
(with Cobra4)

P2530111 Hall effect in p-germanium (with Co- 151
bra3)

P2420201 Charging curve of a capacitor / charging 152
and discharging of a capacitor

P2420600 Dielectric constant of different materials 153

P3060962 Nernst equation (with Cobra4) 153

P2360200 Electric compression heat pump 155

P2410800 Peltier heat pump 156

P2360401 Stirling engine with an oscilloscope 158

6.4 Solar Energy

P2350160 Stefan-Boltzmann's
(with Cobra4)

P2410901 Characteristic curves of a solar cell

law of radiation 159

6.5 Hydrogen Technology

P3021501 Determination of the heat of formation 163
of water

PHYWE Systeme GmbH & Co. KG - www.phywe.com

7 Photonics

7.1 Basic Principles

P2240400 Lambert's law 166

P2250100 Polarisation  through quarter-wave 167
plates with optical profile bench

P2250300 Fresnel's equations - theory of reflection 168
with optical profile bench

P2230100 Diffraction at a slit and Heisenberg's un- 169
certainty principle with optical bench

P2230400 Diffraction intensity due to multiple slits 170
and grids with optical profile bench

P2230600 Diffraction intensity at a slit and at a 171
wire - Babinet's theorem with optical
profile bench

P2220200 Newton's rings with interference filters 172

P2250200 Polarimetry 173

P2260100 Faraday effect with optical profile bench 174

P2261200 Fourier optics - 4f arrangement - filtez- 176
ing and reconstruction

P2260560 LDA - laser Doppler anemometry (with 177
Cobra4)

7.2 Interferometry

P2220500 Michelson interferometer with optical 178
profile bench
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P2220700 Refraction index of air and (02 with the 179 8.4 X-ray Analysis
Michelson interferometer with optical
profile bench

P2221305 Twyman-Green interferometer 180

P2541401 X-rayinvestigation of cubic crystal struc- 208
tures / Debye- Scherrer powder method

P2221000 Doppler effect with the Michelson inter- 182

; . P2541602 X-ray investigation of crystal structures 209
ferometer with optical base plate

| Laue method with digital X-ray image
sensor (XRIS)

P2544701 Qualitative X-ray fluorescence analysis of 210
powder samples

P2544901 Qualitative X-ray fluorescence analysis of 212
ore samples

P2545101 Quantitative X-ray fluorescence analysis 214
of solutions

P2220800 Quantum eraser 184

P2221206 Fabry-Perot interferometer - optical res- 186
onator modes

7.3 Holography

P2260305 Transfer hologram - master hologram 188

7.4 Laser

8.5 Literature

P2260705 Helium neon laser, advanced experiment 189

P2260900 Nd:YAG laser 191
7.5 Fibre Optics

01200-02 Handbook Physics X-Ray Experiments 216

8 Geo Science

8.1 Water

P4100560 Conductivity of various water samples 195
(with Cobra4)

8.2 Air

8.3 Soil

P1521063 The pH value of various soils (with Co- 202
bra4)

PH IWE excellence in science
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6 Renewable Energy

Renewable Energy

6.1 Preparatory Courses 142
6.2 Basic Principles 143
6.3 Heat 154
6.4 Solar Energy 159
6.5 Hydrogen Technology 162
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6 Renewable Energy

6.1 Preparatory Courses

09492-88

Function and Applications

Set 1 of 2 to perform more than 30 demo board experiments in
the field of energy and sustainable energy sources:

conversion, storage, solar (voltaic, thermal), wind, water, geo-
thermal energy, topics as the greenhouse effect and thermal in-
sulation, hydrogen and fuel cell technology, concentrated solar
power technology (CSP).

Benefits

= In combination with set 2 more than 30 experiments can be
performed

= (Complete set: easy set-up of the experiments to all relevant
topics in the field of renewable energy

= Corresponding students kits available (13287-88, 13288-88):
for flexible and competence-oriented science classes

= More than 90% of the experiments with computer based
part: for modern and up-to-date sciences classes

= Matched to international curriculum: all subjects are covered

= High quality detailed descriptions with quick orientation
guide, reference to everyday live and to corresponding student
experiments

= Safe storage: durable, easy to store (stackable), quick control
of completeness (foam insert)

Equipment and technical data
Selected parts:

= Solar Cells / Batteries

= Thermogenerator

= Electric Building Blocks

= Wind Generator / Turbine
= Solar Collector

Including storage boxes with insert foam, (mm): 130 x 410 x 545

PH IWE excellence in science

Demo Applied Sciences Set Renewable Enexrgy ENT1

Supplementary Set

Demo Applied Sciences Set Renewable Enexgy ENT2

09493-88

Literature

Demo advanced Applied Sciences manual Renewable
Energy on the magnetic board

Cobra4 extension Set

Cobra4 wireless, extension set for renewable energy:
electric parameters, temperature

12608-88
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6 Renewable Energy

6.2 Basic Principles

Thermal and electrical conductivity of metals P2350200

Diagram: Heat of surroundings over time.

The thermal conductivity of copper and aluminium is determined Temperature meter digital, 4-2 13617-93 1
in a constant temperature gradient from the calorimetrically Universal measuring amplifier 13626-93 1
measured heat flow.

) o o ) Multitap transformer, 14 VAC/ 12 VDC, 5 A 13533-93 1

The electrical conductivity of copper and aluminium is determin- Rheostat. 10 Ohm . 5.7A 06110-02 1
ed, and the Wiedmann-Franz law is tested. .

Heat conductivity rod, Cu 04518-11 1

Tasks Magnetic stirrer Mini | MST 47334-93 1

1. Determine the heat capacity of the calorimeter in a mixture Temp. probe, immersion type, Pt100,
experiment as a preliminary test. stainless steel, -20...+300°C 11759-01 1

2. Measure the calefaction of water at a temperature of 0 °Cin
a calorimeter due to the action of the ambient temperature
as a function of time.

3. To begin with, establish a constant temperature gradient in
a metal rod with the use of two heat reservoirs (boiling wa-
ter and ice water). After removing the pieces of ice, measure
the calefaction of the cold water as a function of time and
determine the thermal conductivity of the metal rod.

4. Determine the electrical conductivity of copper and alumini-
um by recording a current-voltage characteristic line.

5. Test of the Wiedmann-Franz law.

What you can learn about

= Electrical conductivity

= Wiedmann-Franz law

= lLorenz number

= Diffusion

= Temperature gradient

= Heat transport

= Specific heat

= Four-point measurement

PHYWE Systeme GmbH & Co. KG - www.phywe.com
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6 Renewable Energy

6.2 Basic Principles

P3010701 Thermal conductivity of gases

Calibration curve fot the determination of coef-
ficients of thermal conductivity.

Principle Control unit gas chromatograph

The thermal conductivity of different gases are measured with
a gas-chromatographic thermal conductivity detector under sta-
tionary conditions. The electrical measurement parameter, which
is obtained as a voltage signal in the experimental setup, is pro-
portional to the logarithm of the coefficent of thermal conductiv-
ity.

Tasks

1. Measure the thermal conductivity of different gases.

2. Prepare a calibration curve by making a semi-logarithmic
plot of the tabulated thermal-conductivity values against the
measurement signals.

What you can learn about:

= Thermal conductivity

= (oefficient of thermal conductivity
= Thermal-conductivity detector

= (Gas chromatography Function and Applications

Main articles For voltage supply and for equalisation of the measure probe for
gas chromatograph.

Control unit gas chromatograph 36670-99 1 ] .
Multirange meter with amplifier 07042-00 1 Eqipment and technical data
Steel cylinder helium, 2 |, filled 41776-00 1 = Zero balance: Push button for rough balance, potentiometer
Mesure probe for gas chromatograph, BNC for fine balance
contact 36670-10 1 . Bn[;ut:tBZC socketslfotI ;;rolije. 1y device ( terface)
. . = Qutput: 4-mm sockets for display device (e.g. interface
Reducing valve for C02 / He. 33481-00 1 - Dimensions (mm): 225 x 113 x 125
Table stand for 2 | steel cylinders 41774-00 1 « Voltage supply: 110...230 V AC
Silicone oil 500 ml 31849-50 1

36670-99

PH IWE excellence in science
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Heat capacity of gases

Principle

Heat is added to a gas in a glass vessel by an electric heater
which is switched on briefly. The temperature increase results in
a pressure increase, which is measured with a manometer. Under
isobaric conditions a temperature increase results in a volume
dilatation, which can be read from a gas syringe. The molar heat
capacities (ivand (p are calculated from the pressure or volume
change.

Task

Determine the molar heat capacities of air at constant volume (¥
and at constant pressure (p.

What you can learn about

= Equation of state for ideal gases

= First law of thermodynamics

= Universal gas constant

= Degree of freedom

= Mole volumes

= Isobars

= Isotherms

= Isochors and adiabatic changes of state

Universal Counter 13601-99 1
Precision manometer 03091-00 1
Weather station, wireless 04854-00 1
Mariotte flask, 10 | 02629-00 1
Tripod base PHYWE 02002-55 1
Digital multimeter 2010 07128-00 2
Two-way switch, single pole 06030-00 1

PHYWE Systeme GmbH & Co. KG - www.phywe.com

6 Renewable Energy

6.2 Basic Principles

P2320201

Pressure change p as a function of the heat-up
time £ U=4.59V,1=0.43A.

Related Experiment

Specific heat capacity of water (with Cobra4)
P1043960

Cobra4 Experiments - available 2013

Heat capacity of metals (with Cobra4)

P2330160

Heat capacity of gases (with Cobra4)

P2320260
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6 Renewable Energy

6.2 Basic Principles

P2330101 Heat capacity of metals

Principle
Heated specimens are placed in a calorimeter filled with water at

low temperature. The heat capacity of the specimen is determined
from the rise in the temperature of the water.

Tasks
1. To determine the specific heat capacity of aluminium, iron
and brass.
2. To verify Dulong Petit's law with the results of these experi-
ments.

What you can learn about

= Mixture temperature
= Boiling point

= Dulong Petit's law

= Lattice vibration

= Internal energy

= Debye temperature

Main articles

Calorimeter, 500 ml 04401-00 1
Aneroid barometer 03097-00 1
Butane burner, Labogaz 206 type 32178-00 1
Thermometer -10...+50 °C 38034-00 1
Stopwatch, digital, 1/100 s 03071-01 1
Metal bodies, set of 3 04406-00 4
Set of Precision Balance Sartorius TE 601 and

measure software balances,230V 48837-88 1

PH IWE excellence in science
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Temperature as a function of time in the meth-
od of mixtures experiment a) steel, b) brass, c)
aluminium.

Cobra4 Experiment - available 2013

Heat capacity of metals (with Cobra4)
P2330160

Calorimeter, 500 ml

Function and Applications

For determination of the specific heat capacities of solid state
bodies and liquids.

Equipment and technical data

= (alorimeter, 500 ml.

= Aluminium vessel in container with heat insulation.
= Cover with stirrer. 4 mm sockets for power supply.

= Spiral heating resistance: approx. 2.4 Ohm.

= Diameter: 134 mm. Height: 160 mm.

04401-00




Mechanical equivalent of heat

Principle

In this experiment, a metal test body is rotated and heated by
the friction due to a tensed band of synthetic material.The mech-
anical equivalent of heat for problem 1 is determined from the
defined mechanical work and from the thermal energy increase
deduced from the increase of temperature. Assuming the equival-
ence of mechanical work and heat, the specific thermal capacity
of aluminium and brass is determined.

Tasks

1. Determination of the mechanical equivalent of heat.
2. Determination of the specific thermal capacity of aluminum
and brass.

What you can learn about

= Mechanical equivalent of heat
= Mechanical work

= Thermal energy

= Thermal capacity

= First law of thermodynamics

= Specific thermal capacity

Main articles

Mechanical equiv.of heat app. 04440-00 1
Friction cylinder CuZn, m 1.28 kg 04441-02 1
Spring balance 100 N 03060-04 1
Friction cylinder Al, m 0.39 kg 04441-03 1
Spring balance 10 N 03060-03 1
Bench clamp PHYWE 02010-00 1
Commercial weight, 2000 g 44096-78 1

PHYWE Systeme GmbH & Co. KG - www.phywe.com

6 Renewable Energy

6.2 Basic Principles

P2330200

AT

M » X e = = =
0 120 240 a0 AR o0 ™

.IN'

Temperature-time diagram for a measurement
example.

Cobra4 Experiment - available 2013

Mechanical equivalent of heat (with Cobra4)

P2330260
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6 Renewable Energy

6.2 Basic Principles

P3011160 Gay-Lussac's law (with Cobra4)

Dependence of the volume on the temperature
under isobaric conditions.

Principle Set Gas laws with glass jacket system and
The state of a gas is determined by temperature, pressure and Cobrad
amount of substance. For the limiting case of ideal gases, these

state variables are linked via the ideal gas law. For a change of
state under isobaric conditions this equation converts Gay-Lussac's
first law.

Tasks
1. Experimentally investigate the validity of Gay-Lussac's law for
a constant amount of gas (air).
2. C(alculate the universal gas constant and the thermal coeffi-
cient of expansion from the relationship obtained.
What you can learn about

= Pressure; Temperature; Volume

= (oefficient of thermal expansion

= Ideal gas law; Universal gas constant
= Gay-Lussac's law

Function and Applications

Main articles
: : Complete device compilation for a comfortable way to derive the
| th gl ket syst
igt)rGaa: aws with glass jacket system and 43020-00 1 ideal gas laws experimentally with help of the Cobra4 Senor-Unit
Thermodynamics and the glass jacket system.

Cobra4 Remote-Link 12602-00 1
Equipment and technical data
The set consists of:
Related ExPenments = 1 Cobra4 Wireless Manager. 1 Cobra4 Wireless-Link
= 1 Cobra4 Sensor-Unit Thermodynamics, pressure absolute 2
Amontons' law (with Cobra4) bar and 2 x temperature

1 Software measure Cobra4, single user and school licence
1 Glass jacket; 1 Gas syringe 100 ml

= 1 Heater for Glass jacket

Boyle's law (with Cobra4) 1 Immersion probe NiCr-Ni, -50...1000 °C

P3011260

P3011360

43020-00

PH IWE excellence in science
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6 Renewable Energy

6.2 Basic Principles

Determination of the heating value of fuel oil and of the calorific

value of olive oil

Principle

The heat of reaction generated during the complete combustion of
1000 g of solid or liquid fuel is known as the calorific value 4. In
the case of complete combustion of nutritional fats, the gross cal-
orific value can also be determined. In order to ensure complete
combustion, the reaction takes place under oxygen. The heat gen-
erated during the combustion of a specific amount of fuel is ab-
sorbed by a glass jacket calorimeter of known heat capacity. The
calorific value of the test substance can be calculated from the
temperature increase in the calorimeter.

Task

Determine the calorific value of heating oil and the gross calorific
value of olive oil.

What you can learn about

= Heat of reaction

= Heat of combustion

= Enthalpy of combustion

= First law of thermodynamics

Main articles

Glass jacket 02615-00 1
Steel cylinder oxygen, 2 I, filled 41778-00 1
Calorimeter insert for glass jacket 02615-01 1
Reducing valve for oxygen 33482-00 1
Table stand for 2 | steel cylinders 41774-00 1
Set of Precision Balance Sartorius CPA 6235

and measure software, 230V 49224-88 1

PHYWE Systeme GmbH & Co. KG - www.phywe.com

P3021701

Equation to calculate the calorific value (of
fuels) and the gross calorific value (of food-
stuffs).

Calorimeter insert for glass jacket

Function and Applications
Calorimeter insert for glass jacket.
Benefits

= It can determine calorific values, heat of combustion and en-
thalpies of gaseous, liquid and solid substances.

= (Combustion chamber with a circular cross section, rotating
double helix as a heat exchanger

Equipment and technical data

= Total length: 280 mm

= Combustion chamber length: 90 mm
= Quter combustion chamber: 36 mm
= Length of the approach pipe: 70 mm
= 0D approach pipe: 8 mm

02615-01
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6 Renewable Energy

6.2 Basic Principles

P3021401 Determination of the enthalpy of combustion with a calorimetric
bomb

Determining the corrected temperature differ-
ence.

Principle Calorimetric bomb

The bomb calorimeter is used to completely burn substances in an
excess of oxygen. The heat of combustion released is absorbed by
the calorimetric vessel in which the bomb is immersed, and res-
ults in a temperature increase A/ The heat capacity of the system
is first determined by adding a defined amount of heat from the
combustion of benzoic acid. The combustion of the naphthalene is
subsequently performed under the same conditions.

Tasks

1. Determine the enthalpy of combustion of naphtalene using a
bomb calorimeter.

2. C(alculate the enthalpy of formation of naphthalene from the
enthalpy of combusting unsing Hess' law.

What you can learn about

= First law of thermodynamics Function and Applications
= Hess' law of constant heat summation

= Enthalpy of combustion
= Enthalpy of formation
= Heat capacity

Calorimetric bomb for the quantitative determination of combus-
tion heat of liquid and solid organic substances under high oxygen
pressure.

Equipment and technical data

. Stainless seel body
Calorimetric bomb 04403-00 1 = (Contents approx. 120 ml
Temperature meter digital, 4-2 13617-93 1 * Stainless steel lid with valve
Power supply, universal 13500-93 1 * Oxygen filling connection

. . = Max. oxygen pressure 25 bar
Magnetic stirrer MR Hei-Standard 35750-93 1 . Ignition wire
Calorimeter, transparent, volume appz. 1200
ml 04402-00 1 04403-00
Set of Precision Balance Sartorius CPA 62025
and measure software, 230V 49226-88 1
Set of Precision Balance Sartorius CPA 6235
and measure software, 230 V 49224-88 1

PH IWE excellence in science
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Characteristic curves of semiconductors (with Cobra4)

For more details refer to page 111.

Temperature dependance of different resistors and diodes (with Cobra4)

For more details refer to pages 53, 112.

Hall effect in p-germanium (with Cobra3)

For more details refer to www.phywe.com

PHYWE Systeme GmbH & Co. KG - www.phywe.com

6 Renewable Energy

6.2 Basic Principles

P2410960

Principle
Determine the current strength flowing through a semi-conduct-

ing diode. Determine the collector current with the collector
voltage for various values of the base current intensity.

Tasks

1. Toinvestigate the dependence of the current strength
flowing through a semi-conducting diode.

2. To determine the variations of the collector current
with the collector voltage for varios values of the base
current intensity.

P2410460

Principle

The temperature dependence of an electrical parameter (e.g. res-
istance, conducting-state voltage, blocking voltage) of different
components is determined. To do this, the immersion probe set
is immersed in a water bath and the resistance is measured at
regular temperature intervals.

Tasks

1. Measurement of the temperature dependence of the
resistance of different electrical components.

2. Measurement of the temperature dependence of the
conducting state voltage of semiconducting diodes.

P2530111

Principle

The resistivity and Hall voltage of a rectangular germanium
sample are measured as a function of temperature and magnetic
field. The band spacing, the specific conductivity, the type of
charge carrier and the mobility of the charge carriers are determ-
ined from the measurements.

Task

The Hall voltage is measured at room temperature and constant
magnetic field as a function of the control current and plotted on
a graph (measurement without compensation for defect voltage).
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6.2 Basic Principles

Transformer P2440100

Principle

An alternating voltage is applied to one of two coils (primary coil)
which are located on a common iron core. The voltage induced in
the second coil (secondary coil) and the current flowing in it are
investigated as functions of the number of turns in the coils and
of the current flowing in the primary coil.

Tasks

The secondary voltage on the open circuited transformer is de-
termined as a function

1. Of the number of turns in the primary coil.
2. 0f the number of turns in the secondary coil.
3. Of the primary voltage.

For more details refer to page 123.

Charging curve of a capacitor / charging and discharging of a capacitor P2420201

Principle
A capacitor is charged by way of a resistor. The current is meas-
ured as a function of time and the effects of capacitance, resist-
ance and the voltage applied are determined.
Tasks
To measure the charging current over time:

1. using different capacitance values ¢ with constant

voltage #and constant resistance #

2. using different resistance values (Cand constant)
3. using different voltages (#and Cconstant).

For more details refer to page 114.

Switch-on behaviour of a capacitor and an inductance with the FG module (with P2420715
Cobra3)

Principle
To measure the course of current strength and voltage in a ca-

pacitancelinductivity in the instant of switching on. The capacit-
ancelinductivity is determined from the measurement curve.

Tasks

1. To measure the course of current strength and voltage
in a capacitance in the instant of switching on. The ca-
pacitance is determined from the measurement curve.

2. To measure the course of current strength and voltage
in inductivity in the instant of switching on. The in-
ductivity is determined from the measurement curve.

For more details refer to page 115.

PH IWE excellence in science
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Dielectric constant of different materials

For more details refer to pages 57, 113.

Electric fields and potentials in the plate capacitor

For more details refer to www.phywe.com

Nernst equation (with Cobra4)

For more details refer to page 127.

PHYWE Systeme GmbH & Co. KG - www.phywe.com

6 Renewable Energy

6.2 Basic Principles

P2420600

Principle

The electric constant is determined by measuring the charge of a
plate capacitor to which a voltage is applied. The dielectric con-
stant is determined in the same way, with plastic or glass filling
the space between the plates.

Tasks

1. The relation between charge ¢ and voltage /is to be
measured using a plate capacitor.

2. The electric constant is to be determined from the re-
lation measured under point 1.

P2420100

Principle

A uniform electric field E is produced between the charged plates
of a plate capacitor. The strength of the field is determined with
the electric field strength meter, as a function of the plate spa-
cing d and the voltage & The potentiale within the field is meas-
ured with a potential measuring probe.

Tasks

1. The relationship between voltage and electric field
strength is investigated, with constant plate spacing.

2. The relationship between electric field strength and
plate spacing is investigated, with constant voltage.

P3060962

Principle

The Nernst equation expresses how the electrical potential of
an electrode in contact with a solution of ions depends upon
the concentrations (more accurately, activities) of those ions. The
equation may be experimentally verified using an electrochem-
ical cell formed from an inert indictator electrode coupled with
a convenient reference electrode. The potential of the indicator
electrode, and hence the e.m.f. of the cell, is monitored as the
ionic composition of the electrolyte solution is changed.
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6.3 Heat

P2360360

Principle

A model house with replaceable side walls is used for determining
the heat transition coefficients (4values) of various walls and win-
dows and for establishing the heat conductivities of different ma-
terials. For this purpose the temperatures on the inside and out-
side of the walls are measured at a constant interior and outer air
temperature (in the steady state).

With a multilayer wall structure the temperature difference over
a layer is proportional to the particular thermal transmission res-
istance. The thermal capacity of the wall material affects the wall
temperatures during heating up and temporary exposure to solar
radiation.

Tasks

1. Measurement and interpretation of water temperatures dur-
ing the heating up and during temporary external illumina-
tion of the walls.

2. Determination of the heat conductivities of wood and poly-
styrene.

3. Determination of the fvalues of ordinary glass and insulating
glass windows and of wooden walls of different thicknesses,
and of walls with wood, polystyrene or cavity layers.

What you can learn about

= Heat transition; Heat transfer; Heat conductivity
= Thermal radiation

= Hothouse effect

= Thermal capacity

= Temperature amplitude attenuation

High insulation house 04507-93 1

PH IWE excellence in science

Heat insulation / heat conduction

Heat transition resistance 1//4as a function of
the wall thickness 4.

Thermal regulation for high insulation house ~ 04506-93 1
Cobra4 Mobile-Link set, incl. rechargeable

batteries, SD memory card, USB cable and

software "measure" 12620-55 2
Cobra4 Sensor-Unit 2 x Temperature, NiCz-Ni 12641-00 2
Thermocouple NiCz-Ni, -50...500°C 13615-02

High insulation house

Function and Applications
Device for quantitative experiments with thermal insulation.
Equipment and technical data

= The high insulation house consists of a thermally insulated
base rack with removable lid, measuring walls, exterior insu-
lation and heating.

= Basic rack: ground insulated through a 5 cm thick Styrofoam
plate.

= Side walls with square apertures (210 mm x 210 mm).

= The measuring walls are set in from the inside and pressed by
two screws against the aperture gasket.

= Each of the exterior walls carry a profile and a small eccentric
plate to hold supplementary insulating material.

= Every angle pillar has a hole to introduce temperature probes.

= The hole is sealed off with foam material.

= lid insulated by a 5 cm thick Styrofoam plate, fixed to the
angle pillars of the base rack with 4 knurled screws which can-
not be lost.

= (Casing dimensions (mm): 400 x 400 x 400 .

04507-93

154
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6.3 Heat

Electric compression heat pump

Principle
Pressures and temperatures in the circulation of the heat electrical

compression heat pump are measured as a function of time when
it is operated as a water-water heat pump.

The energy taken up and released is calculated from the heating
and cooling of the two water baths.

When it is operated as an air-water heat pump, the coefficient of
performance at different vaporiser temperatures is determined.

Tasks

1. Water heat pump: To measure pressure and temperature in
the circuit and in the water reservoirs on the condenser side
and the vaporiser side alternately. To calculate energy taken
up and released, also the volume concentration in the circuit
and the volumetric efficiency of the compressor.

2. Air-water heat pump: To measure vaporiser temperature and
water bath temperature on the condenser side under differ-
ent operating conditions on the vaporiser side,

= with stream of cold air
= with stream of hot air
= without blower.

If a power meter is available, the electric power consumed by the
compressor can be determined with it and the coefficient of per-
formance calculated.

What you can learn about

= Refrigerator; Compressor

= Restrictor valve; Cycle

= Vaporization; Condensation

= Vapour pressure; Vaporisation enthalpy

PHYWE Systeme GmbH & Co. KG - www.phywe.com
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Temperatures at the inlet and outlet of the va-
poriser Vi, Vo and condenser (i, Co as a function
of the operating time; continuous curves: tem-
perature in water reservoirs.

Main articles

Heat pump, compressor principle 04370-88 1
Work and power meter 13715-93 1
Tripod base PHYWE 02002-55 1
Hot/cold air blower, 1800 W 04030-93 1

Work and power meter

Function and Applications
For AC and DC circuits.
Equipment and technical data

= Two 4-digit, 20 mm LED-displays

= Display 1 for real and apparent power, current, voltage, phase
difference and freqgency

= Display 2 for energy and time; Selector for serial display of all
units

= LED-Status-display and automactic range selection

= Power: max. 2400 W; Resolution: max. 0.001 W

= Voltage: 0-30V AC/DC, 0-240; Veff- Current: 0...10A AC/DC

= Phasen difference: 0...+/- 90 degree; Frequency: 0...10000 Hz

= Energy: max. 9999 Wh or Ws; Resolution: max. 0.001 Ws

= Analog output for all units of disp. 1; Mains: 110/230V, 50/
60Hz

= Shock-resistant plastic housing with carry handle and base

13715-93
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6 Renewable Energy

6.3 Heat

P2410800 Peltier heat pump

Principle
The (cooling capacity) heating capacity and efficiency rating of a

Peltier heat pump are determined under different operating con-
ditions.

Tasks

1. To determine the cooling capacity Pc the pump as a function
of the current and to calculate the efficiency rating hc at
maximum output.

2. To determine the heating capacity Pw of the pump and its
efficiency rating hw at constant current and constant tem-
perature on the cold side.

3. To determine Pw, n w and Pc , nc from the relationship
between temperature and time on the hot and cold sides.

4. To investigate the temperature behaviour when the pump is
used for cooling, with the hot side air-cooled.

What you can learn about

= Peltier effect; Heat pipe; Thermoelectric e. m. f.

= Peltier coefficient; Cooling capacity; Heating capacity

= Efficiency rating; Thomson coefficient; Seebeck coefficient
= Thomson equations; Heat conduction; Convection

= Forced cooling; Joule effect

Main articles

Thermogenerator with 2 water baths 04366-00 1
Power supply, universal 13500-93 1
Rheostat, 33 Ohm , 3.1A 06112-02 1
Flow-through heat exchanger 04366-01 1
Air cooler 04366-02 1

science

Pump cooling capacity as a function of the op-
erating current.

Thermogenerator with 2 water baths

Function and Applications

To commute thermal energy into electrical energy directly and for
operation as heat pump. Also been used to demonstrate the See-
beck effect and the Peltier effect.

Equipment and technical data

= Generator block consisting of two nickel coated copper plates
with hole for thermometer, between these, p- and n-con-
ducting silicon thermocouples, connected thermally parallel
and electrically in series.

= Two water containers with open sides, which are used as heat
reservoirs, are screwed to the generator block. They can be ex-
changed for flowthrough heat exchanger or air cooler.

= Standard accessories: 2 open water containers (brass, nickel
coated); 2 rubber gaskets; 2 clamping jaws and 4 knurled
SCTews.

04366-00




6 Renewable Energy

6.3 Heat

Semiconductor thermogenerator - Seebeck effect

Principle

In a semi-conductor thermogenerator, the no-load voltage and
the short-circuit current are measured as a function of the tem-
perature difference. The internal resistance, the Seebeck coeffi-
cient and the efficiency are determined.

Tasks

1. To measure no-load voltage Uo and short-circuit current Is at
different temperature differences and to determine the See-
beck coefficient.

2. To measure current and voltage at a constant temperature
difference but with different load resistors, and to determine
the internal resistance Rj from the measured values.

3. To determine the efficiency of energy conversion, from the
quantity of heat consumed and the electrical energy pro-
duced per unit time.

What you can learn about

= Seebeck effect (thermoelectric effect)
= Thermoelectric e.m.f.

= Efficiency

= Peltier coefficient

= Thomson coefficient

= Seebeck coefficient

= Direct energy conversion

= Thomson equations

Thermogenerator with 2 water baths 04366-00 1
Immersion thermostat Alpha A, 230V 08493-93 1
Rheostat, 33 Ohm , 3.1A 06112-02 1
Voltmeter,0.3-300VDC,10-300VAC / 07035-00 1

PHYWE Systeme GmbH & Co. KG - www.phywe.com
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Electrical power generated as a function of the
temperature difference.

Bath for thermostat, Makrolon 08487-02 1
Ammeter 1/5 A DC 07038-00
Flow-through heat exchanger 04366-01 2

Flow-through heat exchanger

Function and Applications
To generate a constant temperature with running water.
Equipment and technical data

= Nickel coated brass with tubing olives; is fastened to the gen-
erator block of the thermo generator in place of a water con-
tainer.

= When using the thermo generator as a Peltier heat pump to
generate low temperatures (about -15 °(C), the warm side is
cooled.

= Dimensions (mm): 28 x 70 x 94.

04366-01
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6.3 Heat

P2360401

Principle

The Stirling engine is submitted to a load by means of an ad-
justable torquemeter, or by a coupled generator. Rotation fre-
quency and temperature changes of the Stirling engine are ob-
served. Effective mechanical energy and power, as well as effective
electrical power, are assessed as a function of rotation frequency.
The amount of energy converted to work per cycle can be determ-
ined with the assistance of the pV diagram. The efficiency of the
Stirling engine can be estimated.

Tasks

1. Determination of the burner's thermal efficiency.

2. (alibration of the sensor unit.

3. C(alculation of the total energy produced by the engine
through determination of the cycle area on the oscilloscope
screen, using transparent paper and coordinate paper.

4. Assessment of the mechanical work per revolution, and cal-
culation of the mechanical power output as a function of the
rotation frequency, with the assistance of the torque meter.

5. Assessment of the electric power output as a function of the
rotation frequency.

6. Efficiency assessment.

What you can learn about

= First and second law of thermodynamics; Reversible cycles;
Isochoric and isothermal changes

= Gas laws; Efficiency; Stirling engine; Conversion of heat;
Thermal pump

Main articles

Meter for Stirling engine, pVnT 04371-97 1
Stirling engine transparent 04372-00 1
30 MHz digital storage oscilloscope with

colour display, 2 x BNC cables | =75 c¢m incl. 11462-99 1
Sensor unit pVn for Stirling engine 04371-00 1
Torque meter 04372-02

PH IWE excellence in science

Stirling engine with an oscilloscope

Pressure as a function of volume for the Stirling
process.

04372-01 1
06116-02 1

Motor/ generator unit
Rheostat, 330 Ohm , 1.0A

Cobra4 Experiment - available 2013

Stirling engine (with Cobra4)
P2360460

Meter for Stirling engine, pVnT

Function and Applications

To display temperature and number of revolutions per minute and
for the output of analogue voltages for Stirling motor pressure and
volume.

04371-97
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Stefan-Boltzmann's law of radiation with an amplifier

Principle

According of Stefan-Boltzmann's law, the energy emitted by a
black body per unit area and unit time is proportional to the
power "four" of the absolute temperature of the body. Stefan-
Boltzmann's law is also valid for a so-called "grey" body whose
surface shows a wavelength independent absorption-coefficient
of less than one. In the experiment, the "grey" body is represented
by the filament of an incandescent lamp whose energy emission is
investigated as a function of the temperature.

Tasks

1. To measure the resistance of the filament of the incandes-
cent lamp at room temperature and to ascertain the fila-
ment's resistance Ro at zero degrees centrigrade.

2. To measure the energy flux density of the lamp at different
heating voltages. The corresponding heating currents read off
for each heating voltage and the corresponding filament res-
istance calculated. Anticipating a temperature-dependency
of the second order of the filament-resistance, the temper-
ature can be calculated from the measured resistances.

What you can learn about

= Black body radiation
= Thermoelectric e. m. f.
= Temperature dependence of resistances

Universal measuring amplifier 13626-93 1
Thermopile, Moll type 08479-00 1
Power supply variable 15 VAC/ 12 VDC/ 5 A 13530-93 1
Optical profile bench | = 60 cm 08283-00 1
Digital multimeter 2010 07128-00 3

PHYWE Systeme GmbH & Co. KG - www.phywe.com

6 Renewable Energy

6.4 Solar Energy

P2350101

Thermoelectric e. m. f. of thermopile as a func-
tion of the filament's absolute temperature.

08286-01 2
06175-00 1

Slide mount for optical bench, h = 30 mm
Lamp holder E 14,0n stem

Cobra4 Experiment - available 2013

Stefan-Boltzmann's law of radiation (with Cobra4)

P2350160

Universal measuring amplifier

Function and Applications

Universal measuring amplifier for amplification of AC and DC
voltages. Suitable for practical exercises.

13626-93
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6.4 Solar Energy

P2360100 Solar ray collector

Principle

The solar ray collector is illuminated with a halogen lamp of
known light intensity. The heat energy absorbed by the collector
can be calculated from the volume flow and the difference in the
water temperatures at the inlet and outlet of the absorber, if the
inlet temperature stays almost constant by releasing energy to a
reservoir. The efficiency of the collector is determined from this.
The measurement is made with various collector arrangements
and at various absorber temperatures.

Tasks

To determine the efficiency of the solar ray collector under various
experimental conditions.

= Absorption of energy from the environment (20 °C) without il-
lumination by sun or halogen lamp, water temperature at the
absorber inlet Te ; 5 °C.

1. Absorber with insulation and glassplate (complete collector).
2. Absorber alone (energy ceiling).

Illumination with halogen lamp. Water temperature Te; 20 °C.

Complete collector.
Collector without glass plate.

N =

Illumination with halogen lamp. Water temperature Te; 50 °C.

Complete collector.

Complete collector, cold jet of air impinges.

Collector without glass plate.

Collector without glass plate, cold jet of air impinges.

A wWN R

What you can learn about

= Absorption; Heat radiation; Greenhouse effect
= (Convection; Conduction of heat
= Collector equations; Efficiency; Energy ceiling

PH IWE excellence in science
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No. Glass Light Cold Yo You=dn 4

plate air o} K %
11 +* - - = 5 25 15
1.2 -* - - =5 5.0 29
21 + + - =20 11.0 64
2.2 - + - =20 125 73
3.1 + + = =50 8.0 47
3.2 - + + = 8.0 47
33 - + - =50 6.0 35
34 - + + =50 3.0 17

Water temperatures and collector efficiency un-
der various experimental conditions, m = 100
cm?/min, qi =1 kW/m?, A=0-+12 m2

Main articles

Solar ray collector 06753-00 1
Circulating pump w. flowmeter 06754-01 1
Halogen lamp 1000 W 08125-93 1
Power supply 0...12VDC/ 6V, 12 VAC, 230V 13505-93 1
Heat exchanger 06755-00 1
Solar collector stand, teaching aid 06757-00 1

Solar ray collector

Function and Applications
Compact unit for study of all collector functions.
Equipment and technical data

= Flat collector to heat water through absorption of radiation
energy or thermal energy from environment.

= Black stainless steel absorbers with 2 temperature measure-
ment points at inlet and outlet.

06753-00




Characteristic curves of a solar cell

Principle

The current-voltage characteristics of a solar cell are measured at
different light intensities, the distance between the light source
and the solar cell being varied. The dependence of no-load voltage
and short-circuit current on temperature is determined.

Tasks

1.

2.

To determine the light intensity with the thermopile at vari-
ous distances from the light source.

To measure the short-circuit current and no-load voltage at
various distances from the light source.

To estimate the dependence of no-load voltage, and short-
circuit current on temperature.

To plot the current-voltage characteristic at different light
intensities.

To plot the current-votlage characteristic under different op-
erating conditions: cooling the equipment with a blower, no
cooling, shining the light through a glass plate.

To determine the characteristic curve when illuminated by
sunlight.

What you can learn about

Semiconductor; p-n junction; Energy-band diagram
Fermi characteristic energy level; Diffusion potential
Internal resistance; Efficiency; Photo-conductive effect
Acceptors; Donors; Valence band; Conduction band

Universal measuring amplifier 13626-93 1
Thermopile, Moll type 08479-00 1
Rheostat, 330 Ohm , 1.0A 06116-02 1

PHYWE Systeme GmbH & Co. KG - www.phywe.com
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6.4 Solar Energy

P2410901

Current-voltage characteristic at different light
intensities J.

Ceramic lamp socket E27 with reflector,

switch, safety plug 06751-01 1
Solar battery, 4 cells, 2.5 x5 cm 06752-04 1
Tripod base PHYWE 02002-55 2
Digital multimeter 2010 07128-00 2

Universal measuring amplifier

Function and Applications

Universal measuring amplifier for amplification of AC and DC
voltages. Suitable for practical exercises.

13626-93
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6.5 Hydrogen Technology

P2411200 Faraday's law

Principle

The correlation between the amounts of substances transformed
in the electrode reaction and the applied charge (amount of elec-
tricity) is described by Faraday's law. Faraday ‘s constant, which
appears as a proportionality factor, can be determined experi-
mentally from this dependence.

Task

Determine Faraday’s constant from the dependence of the
volumes of hydrogen and oxygen evolved on the applied charge in
the hydrolysis of diluted sulphuric acid.

What you can learn about

= Electrolysis

= Coulometry

= (harge

= Amount of substance

= Faraday’s law

= Faraday’s constant

= Avogadro’s number

= General equation of state for ideal gases

Main articles

Power supply, universal 13500-93 1
Electrolysis apparatus-Hofmann 44518-00 1
Weather monitor, 6 lines LCD 87997-10 1
Digital multimeter 2010 07128-00 1
On/off switch 06034-01 1
Retort stand, h = 750 mm 37694-00 1
Set of Precision Balance Sartorius TE 612 and

measure software balances,230V 48836-88 1

PH IWE excellence in science

Correlations between the transferred charge
and the evolved volumes of hydrogen and oxy-
gen in the electrolysis of diluted sulphuric acid
(T =296.05 K and p = 100.4 kPa).

Power supply, universal

Function and Applications

Versatile heavy duty power supply which can also be used as a con-
stant current supply in schools, laboratories or workshops.

Equipment and technical data

= Direct current source: Stabilised, regulated output direct
voltage, continuously adjustable from 0...18 V

= Adjustable current limit between 0...5 A

= LED display for constant current operation

= Permantely short-circuit proof & protected against exterior
voltages

= Alternative voltage output:

= Multitap transformer 2...15 V, outputs galvanically separated
from main grid

= Full load capacity (5 A), even if direct current is supplied sim-
ultaneously

= Short-circuit protection through overcurrent circuit breaker

= All output voltages available at 4 mm safety plug sockets.

13500-93




Determination of the heat of formation of water

Principle
Standard molar enthalpies of formation AH® are important com-

piled thermodynamics tabulation quantities for calculating stand-
ard enthalpies of reaction for any arbitrary reaction.

They are defined as the heat of reaction occurring in the direct
formation of one mole of the pertinent pure substance from the
stable pure elements at constant pressure. For spontaneous and
quantitative formation reactions, e.g. the conversion of hydrogen
and oxygen to water, standard enthalpies of formation can be
measured directly using calorimetry.

Task

Determine the enthalpy of formation of water by burning 100 ml
H2 in a closed glass jacket calorimeter.

What you can learn about

= First law of thermodynamics
= Thermochemistry

= (alorimetry

= Enthalpy of formation

= Enthalpy of reaction

Main articles

High voltage supply unit, 0-10 kV 13670-93 1
Glass jacket 02615-00 1
Steel cylinder hydrogen, 2 I, full 41775-00 1
Lid for calorimeter insert 02615-02 1
Steel cylinder oxygen, 2 I, filled 41778-00 1
Calorimeter insert for glass jacket 02615-01 1
Set of Precision Balance Sartorius CPA 6235

and measure software, 230V 49224-88 1

PHYWE Systeme GmbH & Co. KG - www.phywe.com

6 Renewable Energy

6.5 Hydrogen Technology

P3021501

General equation of state for ideal gases.

Function and Applications
Glass jacket, used as cooling or heating mantle.
Benefits

The cylinder is made of DURAN 50 ®, which gave him an extreme
heat resistance, high thermal shock resistance, mechanical
strength and excellent chemical resistance.

Equipment and technical data

= (ylindrical glasstube with screw closures for different inserts

= Length: 205 mm

= OQuter diameter: 75 mm

= (Connecting nut and gasket for flanging cylindrical inserts with
an outer diameter of 36 mm watertight and airtight

= 1 Flange with ring nut

02615-00
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6.5 Hydrogen Technology

P2411100 Characteristic curve and efficiency of a PEM fuel cell and a PEM
electrolyser

Volume of the hydrogen generated by the PEM
electrolyser as a function of time at different
current I.

Principle Digital multimeter 2010 07128-00 2
In a PEM electrolyser, the electrolyte consists of a proton-conduct-

ing membrane and water (PEM = Proton- Exchange-Membrane).

When an electric voltage is applied, hydrogen and oxygen are PEM electrolyser

formed. The PEM fuel cell generates electrical energy from hydro-

gen and oxygen. The electrical properties of the electrolyser and

the fuel cell are investigated by recording a current-voltage char-

acteristic line. To determine the efficiency, the gases are stored in

small gasometers in order to be able to measure the quantities of
the gases generated or consumed.

Tasks

1. Recording the characteristic line of the PEM electrolyser.

2. Recording the characteristic line of the PEM fuel cell.

3. Determination of the efficiency of the PEM electrolysis unit.
4. Determination of the efficiency of the PEM fuel cell.

What you can learn about

= Electrolysis; Electrode polarisation Function and Applications

» Decomposition voltage; Galvanic elements For the production of hydrogen and oxygen through electrolysis.
= Faraday's law Equipment and technical data

= Electrolyser and storage container for distilled water mounted

Main articles
on a stable baseplate.

Power supply, universal 13500-93 1 = Without use of caustic lyes or acids.

PEM electrolyser 06748-00 1 = Only distilled water is used for operating it.

Cobra4 Mobile-Link set, incl. rechargeable * Voltage input protected against polarity reversal.

batteries, SD memory card, USB cable and = Qperating instructions with detailed description of experi-
software "measure" 12620-55 1 ment.

PEM fuel cell 06747-00 1 « Electrode surface: 16 cm®. Output: 4 W. Voltage required:
Cobra4 Sensor-Unit Weather: Humidity, Air 172V,

pressure, Temperature, Light intensity,

Altitude 12670-00 1 06748-00

Gas bar 40466-00 1

PH IWE excellence in science
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