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ET-8771B Equipment List

Energy Transfer - Generator

Model No. ET-8771B

Equipment List

Included Equipment Replacement Model Number
1. Energy Transfer - Generator Assembly 003-12194

2. Pulley, three-step 648-10122

3. Knob, Energy Transfer - Generator 648-10434

4. Plug with Red/Green Light Emitting Diode (LED) 003-06188

5. Plug with 100 ohm Resistor 003-08431

6. Spool of thread 699-011

Optional Accessories (for use with ET-Generator) Model Number
Energy Transfer - Flywheel Accessory ET-8773
Energy Transfer - Gearing Accessory ET-8775
Energy Transfer - Hydro Accessory ET-8772
Energy Transfer - Wind Turbine ET-8783
Additional Equipment Recommended Model Number
PASCO Computer Interface and Data Acquisition Software Various (See PASCO catalog)
Voltage Sensor (with banana plugs) PS-2115 or Cl-6503

Large Rod Base and Stainless Steel Rod (90 cm) ME-8735 amd ME-8738
Hanging Mass Set SE-8759

No-Bounce Pad SE-7347
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ET - Generator Introduction

Introduction

The Energy Transfer - Generator (ET-8771B) is used for demonstrating the conversion of stored
gravitational potential energy into electrical energy.

The generator includes a 3/4 inch neodymium magnet, which spins between two 400-turn coils, and
isvisible inside a semi-clear plastic housing. A plastic rod clamp is molded to the generator for
attaching the housing to a support rod.

Two plug attachments, a light-emitting diode (LED) plug and 100-ohm resistor plug are included.
Both the LED and resistor plug insert into the bananajack outputs on the generator’s housing. Each
plug contains two jacks for connecting a voltage sensor to the generator for collecting datawith a
computer.

The LED plug alows the user to visually see the electrical effects of turning the shaft on the
generator. As the student rotates the generator, the LED lights. The resistor plug is recommended
for use with sensors, so the student can measure the effects of generator rotation on power, voltage,
and energy.

A three-step pulley keysinto the shaft on the side of the housing and is removable. The
ET-Flywheel Accessory (ET-8773), ET-Hydro Accessory (ET-8772), ET-Gearing Accessory (ET-
8775), and ET-Wind Turbine attach to the generator’s molded shaft and are recommended for other
types of energy transfer experiments.

Basic Setup

Note: The basic setup uses a pulley and hanging mass. If you have purchased accessories
for the ET-Generator, see “Attaching Accessories to the Generator” later in this manual.

Attaching a Pulley with Hanging Mass to the ET-Generator

1. Usetherod clamp on the side of the ET-Generator to
mount the generator to a support rod. support rod — oulley

2. Insert the LED plug into the jacks on the generator

(Figure 1a). knob

@ ©

LED plug

LED

Figure 1a: Mounting the
generator on a support rod
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ET-8771B Collecting Data with the ET-Generator

3. To attach the pulley, align the tab on the inner hole of the pulley
with the indented slot on the black shaft on the generator; then
dlide the pulley onto the shaft. Fasten the knob on the screw to
hold the pulley in place.

4. Cut asmall piece of no-bounce foam, and place the foam '
underneath the hanging mass (Figure 1b). ‘

5. Cut apieceof string to tie to the hanging mass and pulley (Figure

1b).
6. Tieadouble knot in the string and hook the knot in the notch on ‘l
the edge of the second step of the pulley. Figure 1b: Basic

Setup with Mass
7. Attach the other end of the string to the hanging mass.

8. Wind the string up on the smallest step of the pulley such that the string falls out when the
mass reaches the bottom of the foam pad.

9. Adjust the position of the hanging mass or the height of the generator so that the knot slips
out just as the mass reaches the foam.)

Collecting Data with the ET-Generator

Note: For real-time data collection, a computer interface is required.
1. Insert theresistor plug into the jacks on the generator.

Sensor.

2. Connect a Voltage Sensor to a computer interface

Note: For electrical studies, use the resistor plug* and a Voltage r
(PASPORT or ScienceWorkshop) connected to DataStudio. \

Note: If you are using a PASPORT Voltage Sensor (PS-2115), a -’ T
PASPORT computer interface isrequired. If you areusing a

ScienceWbrkshop Voltage Sensor (CI-6503), a ScienceWor kshop ‘
computer interface is required.
i Figure 2: Setup for data
3. With the Voltage Sensor, connect the black bananaplugto  collection
the black jack and red banana plug to the red jack on the ET-

Generator.

4. Setup your experiment in DataStudio. (For the DataStudio setup procedure, see Appendix B
of thismanual.)
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ET - Generator Alternate Setup Options

5. In DataStudio, click the Sart button. Let the massfall, and record the power or other
measurement in DataStudio.

*Note: The LED (light-emitting diode) plug isused for demonstration, rather than data collection. The LED on the plug emits
a green flash when the current isin one direction and a red flash when the current isin the opposite direction. The lights coin-
cidewith the turn rate of the pulley, so the change is usually too fast for the human eye to detect. The viewer may see a combi-
nation of red and green colorsin any oneingtant.

Alternate Setup Options

The ET-Generator can also be used with the ET-Flywheel Accessory (ET-8773), ET-Gearing
Accessory (ET-8775), or the ET-Hydro Accessory (ET-8772). This section outlines the instructions
for attaching these three accessories to the ET-Generator.

A. Attaching the ET-Flywheel Accessory (ET-8773) to the ET-Generator

1. Mount the Generator to arod stand in a horizontal orientation.

2. Remove the three-step pulley from the ET-Generator.
LED or

resistor

Flywheel

3. Slidethe flywheel onto the generator shaft. Align the metal
pin on the back of the flywheel with one of the holes on the
square-shaped flange on the shaft. Secure with the knob.

4. Tie alength of thread to a 50 g hanging mass.

5. Tieadouble knot in the thread and hook the knot in the slot
on the pulley on the front of the flywheel. Turn the flywheel

to wind up the thread on the pulley.
Voltage

Note: To collect data, insert aresistor plug or LED plug into the Sensor plug
banana jacks, connect banana plugs from a Voltage Sensor into the

plug, and click the Start button in DataStudio. When you release the Figure 3: Generator with
flywheel and the mass falls, data appearsin adisplay. (For Flywheel Accessory
DataStudio setup instructions, see Appendix B.) L

Note: The ET-Flywhed istypically used for studies of rotational kinetic motion. For power and efficiency comparison studies,
collect separate data runswith the 3-step pulley, ET-Flywhedl, and ET-Gearing Accessory. (For more information, see Exper-
iments 2 and 3 in thismanual.

B. Attaching the ET-Gearing Accessory (ET-8775) to the ET-Generator

1. Slidethedoublerod clamp (provided with the Gearing Accessory) over arod stand. Usethe
thumbscrew on the clamp to secure the clamp to the rod. Move the clamp down about one-
half the length of the rod.
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ET-8771B Alternate Setup Options

Note: The Gearing Accessory istypically used for studying the effects of gear ratio on power output. For a gear ratio experi-
ment, see Experiment 3 in this manual.

2.

6.

Insert the shaft of the Gearing Accessory into one of
the holes on the rod clamp. To hold the Gearing
Accessory in place, tighten the thumbscrew on the
rod clamp. Put the rod clamp on the support rod.

ET-Generator Three-step

Slide the ET-Generator over the rod in a horizontal
orientation (about 3 inches above the Gearing
Accessory) such that the generator’s shaft is pointing
in the same direction as the Gearing Accessory’s
shaft.

Wrap the “O” ring around the large pulley onthe ET-  Double Rod A<
Gearing Accessory and over one of the steps on the Clamp ™
3-step pulley. The position of the Gearing Accessory

can be changed up or down to tighten the “O” ring.

Do not overstretch the ring. (See Figures 5a-c).

Gearing

Support rod
Accessory

Vertically align the Gearing Accessory with a step
on the three-step pulley. If necessary, move the
accessory in and out, and/or up and down to line up. (Note: The screw on the rod clamp can
be loosened to move the Gearing Accessory horizontally for alignment with any step on the
three-step pulley.)

Figure 5b: Figure 5c:

Figure 5a: . .
O-Eing on small step O-ring on middle step O-ring on large step

Cut a 30 centimeter (cm) or 1 foot (or longer) piece of thread and tie an open knot in both
ends of the thread. Attach one end to a hanging mass and one end to the shaft on the Gearing
Accessory.

Note: For load studies, tie a double knot in both ends of the thread. You must have enough tension in the thread to hold the
weight and perform experiments. When the Gearing Accessory is used, do not hang the weight from the pulley.

012-12679A | PASCCE



ET - Generator Alternate Setup Options

Optional: The ET-Flywheel Accessory can also be attached to the ET-8775 Gearing Accessory.
Replace the 3-step pulley with the flywheel and connect both with the O-ring.

Note: To collect data, insert the resistor plug into the banana jacks, connect banana plugs from a
Voltage Sensor into the resistor plug, and click the Sart button in DataStudio. When you rotate the
gear, the massfalls, and data appears in adisplay. (For DataStudio setup instructions, see Appendix
B.)

C. Attaching the ET-Hydro Accessory (ET-8772) to the ET-Generator

1. Attach the ET-Hydro Accessory housing to the molded case of the ET-Generator (ET-
8771B) using the two captured screws and the supplied screwdriver.

2. Put the turbine blade on the shaft and tighten the ET-Generator knob onto the shaft screw.
Put afinger in the recess of the housing and hold the magnet to keep it from turning.

3. Insert the pointed end of a plastic nozzle into the spring clip in the turbine housing..
Hold the

NOTE: Do not use the
standoff and thumbscrew
that came with the Hydro
Accessory.

ET-Hydro
Accessory

Turbine

Knob

| PASC (R 012-12679A 8



ET-8771B Alternate Setup Options

Note: The clip can turn to adjust where the water stream from the
nozzle hits the turbine. To increase the water flow, cut or trim the
nozzle end.

4.

Note: Have abeaker or container below the housing to collect
water exiting the turbine.

5.

Note: To collect data, insert the 100-ohm resistor plug into the
banana jacks, connect banana plugs from a Voltage Sensor into the

Connect the nozzle to a piece of tubing connected to an
external water supply. (Figure 7).

Run the water supply through the nozzle of the turbine and X

watch the turbine spin. Figure 7: Nozzle Clipped

in Turbine Housing

Water Reservoir

. i : ) S
resistor plug, and click the Start button in DataStudio. When you
run water through the turbine, data appearsin a display. (For
DataStudio setup instructions, see Appendix B.) _La  clamp to control

Note: The ET-Hydro Accessory istypically used for studies of
hydroel ectric power generation. See Experiment 4 in this manual.

flow of water

Figure 8: Typical Setup

D. Attaching the ET-Wind Turbine (ET-8783) to the ET-Generator

1

2.

3.

5.

Remove the three-step pulley from the ET-Generator.
Slide the small spacer that comes with the Wind Turbine onto the generator shaft.

Push the Wind Turbine onto the generator shaft so that the blades of the turbine curve away
from the generator. Note that the wind turbine is designed to fit tightly on the generator
shaft.

Screw the ET-Generator knob onto the shaft. (Do not use the small thumb nut that came
with the wind turbine.)

Insert the LED plug into the jacks on the generator and blow on the wind turbine.

Note: To collect data, replace the LED plug with the 100-ohm resistor plug, connect banana plugs
from a Voltage Sensor into the resistor plug, and click the Start button in DataStudio. When air

012-12679A | PASCCE



ET - Generator Alternate Setup Options

blows through the wind turbine, data appearsin a display. (For DataStudio setup instructions, see
Appendix B.).

ET-Generator

NOTE: Do not use the
small knurled thumb nut
that came with the Wind
Turbine.

ET-Wind
Turbine

Figure 9: Wind Turbine Setup

IPASC (K 012-12679A 10



ET-8771B Suggested Experiments

Suggested Experiments

Experiment 1: Understanding Power and Energy Transfer with an AC Generator

Equipment Required

ET-Generator (ET-8771B) Computer interface (ScienceWorkshop
or PASPORT)
DataStudio Software Voltage Sensor (PS-2115 or CI-6503)

with banana plugs
Large Rod Base (ME-8735) Stainless Steel Rod (ME-8738)
No-Bounce Foam (SE-7347) Hanging Mass Set (SE-8759)

Setup:

In the “Basic Setup” section of this manual, follow the setup

'™
instructions under part A. Attaching the Pulley with Hanging Mass to Ut
the ET-Generator.

Procedure

i |
1. For demonstration: Insert the plug with the light-emitting diode =
(LED) into the bananajacks and watch the LED light as you

turn the generator (Figure 1-2). The red/green light diode shows \g
that the generator produces an AC voltage. .
Figure 1-1: Setup

2. With bananajacks, connect a voltage and/or current
sensor to the banana plug outlets. In DataStudio, set the
sample rate between 500 to 1000 Hz to show the AC
signal. (For DataStudio setup instructions, see
Appendix B of thismanual.)

3. In DataStudio, create a graph of power vs. time. In
Datastudio, click the Start button and rotate the pulley.
DataStudio measures the amount of energy generated.
(Note: The area under the curve is energy).

LED plug

Analysis Figure 1-2: LED plug

1. Usingjust a Voltage Sensor (either PASPORT or ScienceWorkshop): Calculate the power
dissipated in the known resistor using the equation P=V/2/R.

2. Using a PASPORT Voltage/Current sensor: Calculate the power dissipated in the resistor
using the equation P=IV.

3. Calculate the change in gravitational potential energy, where PE = mgh.
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ET - Generator Suggested Experiments

4. From the area under the graph, record the electrical energy generated.

5. Calculate the efficiency (percent of energy transferred) using the equation, efficiency =
energy generated/mgh x 100. Where does the rest of the energy go?

Experiment Variations

* Vary the height: Change the generator’s height (distance mass falls) to one-half of
origina value. Does the percent of energy transferred (efficiency) increase, decrease, or
remain about the same?

* Vary themass: Return the generator’sto its original height (distance to ground).
Change the falling mass to 50 g. Does the percent of energy transferred increase,
decrease, or remain about the same?

* Vary theradius. With the height and mass at their original amounts, change the pulley
radius to the big pulley. Does the percent of energy transferred increase, decrease, or
remain about the same?

* Vary theload: Return the height, mass, and radiusto their original amounts. Change
the load resistor to 50 or 200 ohms (not included). Does the percent of energy
transferred increase, decrease, or remain about the same?

Further Study: Thermal Pollution

1. Tapethe PS-2517 Fast Response Temperature Probe (accessory to the PS-2125
Temperature Sensor) over the 100-ohm load resistor (Figure 1-3a). In DataStudio, set the
samplerateto 10 Hz.

Temperature
pKobe re/sistor

Figure 1-3a: Close-up

with Temperature Probe Figure 1-3b: Setup with
Temperature Sensor

2. Repeat the procedure from Experiment 1. Keep rotating the pulley until you notice a
temperature increase. (The point here is that most of the energy we use is ultimately turned
into heat (thermal pollution), adding to the global warming effect).

I PASC(CE 012-12679A 12



ET-8771B Suggested Experiments

Sample Results/Teacher’s Notes (Experiment 1)

a) Thisgraph is of average power, and for each turn of the magnet, it shows the average power
generated for that small time. The area under the curve is energy (notice almost the same value as
the energy for instantaneous power) but should be easier to comprehend for the beginner.

Sample Data: Average Power (mW) Per Second

70

Note: Thisgraph is
* 1408 mA\fr\IEz r&ommmdw for
beginning physics

students.

T
@
=

40

Lyerage Power( mi ) ®

energy

Time(s )
0.5 10 15 2.0 2.5 30 35 4.0 4.5 50 55

b) The graph below is the actual instantaneous power, and the area under the curve is energy. For
beginning students, this graph would be hard to understand. They might ask, why isit going up and
down?

Sample Data: Instantaneous Power (Watts) Per Second

Note: Thisgraphis
recommended for
advanced physics
students.
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i
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=
=

Power( Watts )™ %

f |I|,|II:1|I| V‘II‘“lI ’.g

i i
g :|||||r|\

c) For atheoretical perfect sine wave, Average Power = Max (peak) Power/2. For the generator we
used, the Average Power = Max (peak) Power/2.4.
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ET - Generator Experiment 2: Investigating Rotational Kinetic Energy with a Flywheel

Experiment 2: Investigating Rotational Kinetic Energy with a
Flywheel

Equipment Required

ET-Generator (ET-8771B) Computer interface (PASPORT or
ScienceWorkshop)

DataStudio software Voltage Sensor (PS-2115 or CI-6503)
with banana plugs

Large Rod Base (ME-8735) Hanging Mass Set (SE-8759)

ET-Flywheel Accessory (ET-8773) Stainless Steel Rod (ME-8735)
No-Bounce Foam Pad (SE-7347)

Introduction:

In this experiment, you will investigate the storage of rotational kinetic energy of aflywheel
attached to a generator.
Setup

In the “ Alternate Setup Options” section of this manual, follow the setup instructions under
“ Attaching the ET-Flywheel Accessory (ET-8773) to the ET-Generator.”
Procedure (Part I):

1. Withthe flywhedl setup, repeat the procedure from
Experiment 1. Does the percent of energy transferred
(efficiency) increase, decrease, or remain about the same
as compared to without the flywheel ?

Part II: Rotational Kinetic Energy

1. Measurethe mass and radius of the flywheel. Ignore the
small pulley.

2. Removetheresistor plug. Plug the Voltage Sensor directly
into jacks on the ET-generator and repeat the experiment
procedurein Part |. In DataStudio, creaste an AC voltage  Figure 2-1: ET-
graph. (Note: Do not use an electrical load (i.e. resistor Generator with

plug or LED plug). Flywheel
Accessory

Analysis

1. Measurethe period (T) from the A.C. voltage graph. Use the Smart Tool to measure the
period where the voltage is the highest. Thisiswhere the flywheel is spinning the fastest.
[Note: Since thereis no electrical l1oad, the energy from the falling mass is being stored in
the flywheel ]
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ET-8771B

Experiment 2: Investigating Rotational Kinetic Energy with a Flywheel

2. Calculate the maximum rotational kinetic energy of the spinning flywheel. Use the equation

KE otaion=(1/2) 0", where | isthe rotational inertia of the disk and o isthe angular velocity

or (2m)/T . Also use the equation 1I=1/2mR?, where is the m is the mass (kg) and R is the

radius (m)

of the flywheel.

3. Calculate the change in gravitational potential energy, where PE=mgh of the falling mass.

4. Calculate the efficiency, where the percent of energy transferred to the flywhesl, is
KE; otation/Mgh x 100. I's this percentage greater or |ess than the percentage you cal cul ated

earlier for the transfer into electrical energy?

Sample Data/Results (Experiment 2)

Power (mW) vs. Time
70 v
B

&0 ; jl Area
L ( =|k — Power 761 myWatts
=150 L
£ 407
= | .'h
F 4305
I:lE [ :!J‘n

04— 3 &k

- b
107§ by
N B
i
ﬂ?ﬂqi. 5
L e drhy dfﬂ-p'-a B o o

T T T T T T T T T T T

-1 L 2 & &£ & B T & 8 10

=10 Time( =)

Voltage(V) vs. Time

44

Tip: For aclose-up view,
use the Zoom Select and

Example: Measuring the Period of the Flywheel

Note: To measurethe

#27 Zoom in tools. period (distance

10— . between voltage

e o o o O I e S YT YT T S B peaks) in DataStudio,
o : use the Smart Tool.

3.6

34

3.2

3uD?S 085 1.00
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ET - Generator Experiment 3: Investigating the Concept of Gear Ratios and Mechanical Advantage

Experiment 3: Investigating the Concept of Gear Ratios and
Mechanical Advantage

Equipment Required

ET-Generator (ET-8771B) Computer interface (PASPORT or
ScienceWorkshop)

DataStudio software Voltage Sensor (PS-2115 or CI-6503)
with banana plugs

Large Rod Base (ME-8735) Hanging Mass Set (SE-8759)

ET-Gearing Accessory (ET-8775) | Stainless Steel Rod (ME-8738)
No-Bounce Foam Pad (SE-7347)

Setup

In the “ Alternate Setup Options” section of this manual, follow the setup instructions under part b,
“Attaching the ET-Gearing Accessory (ET-8775) to the ET-Generator.”

Procedure:

1. Wrap apiece of thread around the shaft on the ET-
Gearing Accessory and tieit to a 50 g falling mass
(Figure 3-1).

2. Repeat the experimental procedure from Experiment
1 for each of the three gear ratios. Which gear isthe
most efficient? Compared to the 3-step pulley in
Experiment 1, does the percent of energy transferred
(efficiency) increase, decrease, or remain about the
same?

Experiment Variations

a) Uset he ET-Gearing Accessory with the ET-Flywheel
Accessory (Figure 3-2A.)

IPASC (K 012-12679A 16



ET-8771B Experiment 3: Investigating the Concept of Gear Ratios and Mechanical Advantage

b) Use the finger hole in the ET-Gearing Accessory to manually crank the generator and light the
LED (light-emitting diode) (Figure 3-2b).

Fiure 3-2a: Handcrank

with Flywheel Figure 3-2b: Cranking with

the finger grip
Sample Data/Results
024
022 gear 3
t
Fo20
ronag
gear 2
Loas hin S Mean Area
) . * Fower 1.0498e-6 0.z10 0.057 0.043%atts ¢
. * Power 0.000 0.041 0.010 0.033Walts g
014 R A * Power 0.000 0013 0.002 0.002%alts s
w
Fo12- = l
% L L
5
5
o
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ET - Generator Experiment 4: Using a Turbine to Understand HydroElectric Power Generation

Experiment 4: Using a Turbine to Understand HydroElectric
Power Generation

Equipment Required

ET-Generator (ET-8771B) Computer interface

DataStudio software Voltage Sensor (PS-2115 or CI-6503)
with banana plugs

Large Rod Base (ME-8735) Stainless Steel Rod (ME-8737)

ET-Hydro Accessory (ET-8772) Finger Clamps (SE-9445) or Buret
Clamps (SE-9446)

Water Reservoir (ME-8594) Beaker or container to collect water

Setup Procedure:

In the “ Alternate Setup Options’ section of this manual, follow the setup instructions under part c,
“Attaching the ET-Hydro Accessory (ET-8772) to the ET-Generator.”

1. Mount an empty Water Reservoir (ME-8594) to arod
stand with fingered clamps (SE-9445). See Figure 4-1.

Water

2. Connect apiece of clamped tubing from the bottom hose Finger HESERyoir

fitting on the Water Reservoir to anozzle. Clamp

3. Insert the nozzle into the clip inside the ET-hydro = g;gﬁfg

housing. The clip is spring loaded and can turn to adjust
where the water stream hitsthe turbine. If necessary, you
can cut (trim) the nozzle end to increase the water flow. A
You may wish to support the hose using a buret clamp
(SE-9446).

WARNING: To avoid the risk of shock or electrical injury, do not allow Figure 4-1: Setup
the Generator, resistor or banana plugs, sensors, or other electrical
equipment to become wet. Keep water away fromall electrical devices

and wires. Always follow standard electrical safety precautionsin your
classroom.

)

Experiment
1. Plug the 100-ohm resistor plug into the banana jacks.

2. Connect a Voltage Sensor to the resistor jacks and to a computer interface.

IPASC (K 012-12679A 18



ET-8771B Experiment 4: Using a Turbine to Understand HydroElectric Power Generation

3. Fill the Water Reservoir with about 700 mL of water. Prepare to measure the mass of the
water that flows by one of two methods:

a) Place a beaker underneath the Hydro Accessory to catch the water exiting the turbine
during the experiment. Weigh the water in the beaker. OR

b) Read the volume in the Water Reservoir (graduated cylinder) before and after data
collection. Use the volume to calcul ate the mass.

4. In DataStudio, click the Start button. Open the clamp to the bottom tube to allow water to
run through the turbine. In a display, measure the electrical energy generated.

5. Record the mass of the water.

Analysis

1. Determine the average height through which the water falls. Use the drawing of the Water

- : hop + h :
Reservoir (Figure 4-2) to calculate the following: h,,, = w—hnm,e wherehy g is

the average water height, hy, isthe highest point of the water level in the cylinder, hpgom i
the bottom of the cylinder, and hy,o,,c iSthe level of the water in the nozzle.

AR
htop
! A
.*ﬁmﬁ
' Npottom——
A
havg
"-—-_______-_,_a'l -
| = - : 1 hnozzle
‘ = N A |

Figure 4-2: Average water height

2. Calculate the change in gravitational potential energy, where PE=mgh.

3. Calculate the efficiency (percent of energy transferred), where efficiency = energy
generated/mgh x 100. Where does the rest of the energy go? Why isthe efficiency here so
much less than for the flywheel generator?
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ET - Generator Experiment 4: Using a Turbine to Understand HydroElectric Power Generation

Experiment Variations
Repeat the experiment with nozzles of different orifice sizes.

Repeat the experiment, but change the angle of the stream and the place on the fin where the
stream hits the turbine. What effect do these have on the efficiency?

Take one run with the Water Reservoir asits highest point on the rod stand. Then take
another run of data with the same amount of water through the turbine, but with the
reservoir at half the height. Be careful not to change the nozzle angle, etc. Using the buret

clamp will help. Compare the energy total and efficiency (percent of energy transferred) for
the two heights.

Sample Data/Results
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Appendix A: Specifications

Part included:

Description

Generator

Neodymium magnet, 19 mm

Resistor Plug

100 ohms

LED plug

Maximum recommended load is 200 g.

Three-step Pulley

Plastic (step 1: 1.3 cm diameter, step 2: 3.2 cm dia., step 3: 5.2 cm dia.)

Thread

137 meters (150 yards)

Appendix B: DataStudio Setup Instructions

The instructions below outline the recommended experiment setup for PASPORT and
ScienceWbrkshop sensors. Follow the steps specific for the type of sensor and interface (i.e.
PASPORT or ScienceWbrkshop).

Procedure

Steps

PART I: Plug the sensors
into the interface:

PASPORT: a) Plug the Voltage/Current Sensor(s) into a PASPORT interface. b)
Connect the PASPORT interface (i.e. USB Link, PowerLink, etc.) to a USB port
on your USB-compatible computer. ¢) When the PASPORTAL window opens,
select “Launch DataStudio.”

OR

ScienceWorkshop: a) Plug the Voltage and/or Current Sensor(s) into a
ScienceWorkshop interface. b) Launch DataStudio.

PART II: Set up your
experiment

PASPORT: a) In the Experiment Setup window, scroll to the Voltage-Current
Sensor, and set the sample rate to 1000 Hz.

OR

ScienceWorkshop: a) In the Welcome to DataStudio window, double click
“Create Experiment.”” b) In the Sensors list, click and drag the Voltage (or
Current Sensor) to an analog channel on the picture of the interface (i.e. to the
same letter in which you have the sensor connected.) ¢) In the Experiment
Setup window, double click on the sensor’s icon to set the sample rate and
select the measurement units.
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Appendix C: Technical Support

PART llI: Create the
power and angular
frequency equations

On the main toolbar, click the Calculate button to open the Calculator dialog. To
create a new equation, click the New button and enter the equation in the
equation box. a) Instantaneous power=V~2/R, where V= the voltage and R is
100 ohms, the resistance of the resistor. Click the Accept button. In the
Variables menu, select “data measurement” and then “voltage” for the voltage.
Select “constant” for “R” (the resistor) and enter 100. Click the Properties button
to open the Data Properties window and type in watts for the measurement
name. Click the Accept button again. b) Average power= amplitude (10,10,1,P)/
.0024, where P=power. Use the Special menu to select the amplitude function
and replace “x” with “P” Click the Accept button. Under Variables, select “data
measurement” and “power” for the “P” variable. Click the Properties button to
open the Data Properties window and type in mW for the measurement unit.
Click the Accept button again. ¢) Angular frequency=6.28/period (10,10,1,v)
where “V” is the voltage. Click the Properties button to open the Data
Properties window and type in rads/s for the units. Click the Accept button again.
(Note: To measure the period between peaks, use the Smart Tool.)

Note: To save the equation, click the Accept button. To edit the finished
equation, double click on the equation in the Data list. (For more information
about creating equations, see the DataStudio online help.)

PART IV: Collect Data

a) From the Data list, drag each of the parameters (i.e. voltage, power, etc.) over
a y-axis in a separate graph display. b) Click the Start button on the main
toolbar.

Appendix C: Technical Support

For assistance with the Energy Transfer - Generator (ET-8771B) or any other PASCO products,

contact PASCO as follows;
Address: PASCO scientific

10101 Foothills Blvd.
Roseville, CA 95747-7100

Phone: (916) 786-3800
FAX: (916) 786-7565

Web: www.pasco.com

Email: support@pasco.com

For the latest information about the Energy Transfer - Generator and this manual, go to the PASCO
web site at www.pasco.com and enter ET-8771B in the search window.

| PAS C Che
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Appendix D: Copyright and Warranty

Copyright Notice

The PASCO scientific 012-12679A Energy Transfer - Generator Manual is copyrighted and all
rights reserved. However, permission is granted to non-profit educational institutions for
reproduction of any part of the 012-12679A Energy Transfer - Generator Manual, providing the
reproductions are used only for their laboratories and are not sold for profit. Reproduction under
any other circumstances, without the written consent of PASCO scientific, is prohibited.

Warranty
For adescription of the product warranty, see the PASCO catal og.

Product End of Life Disposal Instructions

This electronic product is subject to disposal and recycling regulations that vary by country and
region. It isyour responsibility to recycle your electronic equipment per your local environmental
laws and regulations to ensure that it will be recycled in a manner that protects human health and
the environment. To find out where you can drop off your waste equipment for recycling, please
contact your local waste recycle/disposal service, or the place where you purchased the product.

The European Union WEEE (Waste Electronic and Electrical Equipment).symbol (to
the right) and on the product or its packaging indicates that this product must not be
disposed of in a standard waste container.
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