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THE SEP ENERGYMETER
The original SEP Energymeter was designed to enable students to make
measurements of energy and power in low-voltage circuits. This updated version
keeps the same simple interface, while adding the ability to log readings. When
connected to a PC via USB, the logged measurements can be downloaded using
the free Mindsets mini-datalogger software. Additionally, the new design boasts
improved input range and sensitivity.

Different measurements can be displayed by pressing the function button to cycle
through the following four settings:
• Energy (also displays time)
• Power
• Average power (also displays energy and time)
• V, I and P (voltage, current and power)
To make the energymeter simple to use, the display is ‘autoranging’ – that is, the
units in which values are displayed change automatically (e.g. between joules and
kilojoules) and the decimal point automatically shifts so that three significant figures
are always displayed. This means that it can be used to measure from 100 nanojoules up to 1.75 megajoules without the need to make any manual adjustments.
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GETTING STARTED

The energymeter has a single micro USB socket that can be used to power the device using
the mains adapter (included), or connect to a PC.
If the energymeter is being used standalone (without a PC), the mains adapter should be
plugged into the mains socket and the lead inserted into the energymeter.
The energymeter can also be powered over USB.
When the meter is being used make measurements, for example, the energy and power
in a circuit with a battery and bulb, then the battery should be connected to the ‘source’
terminals and the bulb should be connected to the ‘load’ terminals.
The energymeter will retain measurements while powered off.
Press the ‘reset’ button to clear any old measurements.

The energymeter is now ready to use.
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MEASURING ENERGY
Press the function button to obtain the ‘Energy’ setting. The default display shows energy
in joules (J) and time in seconds (s).

Press the ‘start/pause’ button to start measuring energy. Note the run (u) icon in the
bottom right corner of the display.

To pause the measurement at any time, press the ‘start/pause’ button again. Note that the
icon changes.

To set the display back to zero, press the ‘reset’ button.
The units used to display energy will change as the energy increases. For example, if the
value for energy is less that 1 J, it is displayed in millijoules (mJ); when it reaches 1000 J, it
is displayed in kilojoules (kJ).
The maximum value of ‘time’ is 9999 s. The maximum voltage and current of 25V and 7A
result in a maximum possible power of 175 W. Hence, the maximum energy that can be
measured over this time period is 1.75 MJ.
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MEASURING POWER
Press the function button to obtain the ‘Power’ setting. The default display shows power in
watts (W).

The value given on this setting shows the power at a particular moment in time (i.e. an
instantaneous reading).

The units used to display power will change as the power changes. For example, if the value
for power is less that 1 W and more than 0.001 W it is displayed in milliwatts (mW). The
maximum value for power is about 175 W (at the maximum voltage and current of 25 V
and 7 A).
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MEASURING AVERAGE POWER
Press the function button to obtain the ‘Average power’ setting. The default display
shows average power in watts (W), and the two values from which it is calculated energy (J) and time (s).

Press the ‘start/pause’ button to start measuring average power. Note the ‘run’ icon in
the bottom right corner of the display.

To pause the measurement at any time, press the ‘start/pause’ button again. Note that
the icon changes.

To set the display back to zero, press the ‘reset’ button.
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MEASURING VOLTAGE, CURRENT AND POWER
Press the function button to obtain the ‘V, I and P’ setting. The default display shows
the voltage across the source in volts (V) and the current through the circuit in amps (A).
These two values are used to calculate the power in watts (W).

The value given on this setting shows the power at a particular moment in time (i.e. an
instantaneous reading).

The units used to display voltage and current will automatically change. For example, if
the voltage is less than 1 V, it is displayed in millivolts (mV). Similarly, μA, mA and A are
used to display the current.
MEASURING NEGATIVE VOLTAGES AND CURRENTS
The energymeter can measure both positive and negative voltages and currents (the
voltage or current will be prefixed with a minus sign). If the source is connected with
reverse polarity, both the voltage and current will be negative. In this case, energy will
still transfer from the source to the load.

The energymeter can also measure energy transfer in the reverse direction (from load
to source). To avoid confusion, ‘negative’ energy is not used to indicate this, however,
the direction of energy transfer is tracked internally. If the direction of energy transfer is
reversed while measuring energy, the value of the energy will then decrease.
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WHAT HAPPENS IF THE MAXIMUM
VOLTAGE OR CURRENT IS EXCEEDED?
The maximum voltage and current that can be measured by the energymeter are ±25 V
and ±7 A respectively.
If the function is set to ‘V, I and P’ and the above limits are exceeded, the value for the
voltage or current will be replaced by the word ‘OVER’.

If the voltage is exceeded while energy is being measured, then a ‘?’ icon appears in the
top right corner.

If the voltage subsequently drops below 25 V, the ‘?’ icon remains.
This indicates that the voltage or current limit has at some point been exceeded, and that
the energy value is no longer accurate. However, if the limit was only exceeded for a brief
time, then the experiment could be continued with only a slight loss of accuracy.
The energymeter has an internal 7 A fuse to protect against high currents. If a power
supply without a current limit is used, care should be taken to avoid shorts circuits. Note
that excessive voltages may damage the instrument.

NOTE ON MAXIMUM POWER
The power reading is calculated using the voltage and current readings:
P=IxV
Hence, the theoretical maximum power that can be measured is 175 W (25 V x 7 A).
Typically, the energymeter is used with a fixed source voltage. For example, if the source
voltage is 12 V, the maximum power that can be measured is 84 W (12 V x 7 A), before
the current limit is reached.
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DATALOGGING
The energymeter can be configured to log voltage, current, power and energy. Mindsets’
free Mini-datalogger software (available to download from www.mindsetsonline.co.uk)
can be used to retrieve and view the data. To configure the energymeter, first connect it to
a PC using a micro USB cable and run the Mini-datalogger software (version 2.5.0 or later
required).

Click on the ‘Configure’ button and select the desired sample rate. For best results, choose
the shortest sample period that provides the duration needed and click OK.
Note: if you don’t wish to use the logged data, choose the 4 second sample period to
allow the meter to reach the maximum time of 9999 s.
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The energymeter is now set up to log data. Data are recorded while the energy is being
measured: press the ‘start/pause’ button on the instrument so the u icon is displayed. At
the end of the experiment, press the ‘start/pause’ button to stop logging data.
Click on the ‘Add data’ button in the app to load the data into the software. Select the
quantity you would like to plot and click OK.

You can display multiple plots at once by repeating the process again (limited to a
maximum of two different units on one graph).

Note that the energymeter will retain the measurements when powered down. It may take
a few seconds for the energymeter to initialise on power up while the log is loaded. The
measurements can be cleared by pressing the ‘reset’ button on the instrument.
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TECHNICAL INFORMATION
The energymeter requires a DC power supply of 5 V, current requirement 100mA,
standard micro USB connector. The energymeter can also be powered from a USB port. If the
energymeter is to be used in the field, then it could be powered using a widely available
rechargeable USB power bank.
Maximum voltage and current of source
The maximum voltage that can be measured by the instrument is ±25 V; voltages above 50 V
may damage the instrument.
The maximum current is ±7 A.
The energymeter has an internal fuse to protect against currents over 7 A. If you exceed this
maximum, the fuse may blow. Please contact Mindsets for details if this occurs.
Replacement fuses are available and can be fitted for a small fee.
Sensitivity
The smallest values that can be displayed for each of the measurable
quantities are 100 nJ, 100 nW, 1 mV and 100 μA respectively.
Accuracy
The accuracy of the instrument is approximately ±1% for voltage and current.
Refresh rate and smoothing
The display is refreshed every 0.5 seconds. The current and voltage are constantly sampled;
the values displayed represent the average values from the 0.5 second period before the
display is refreshed.
Variations in ‘source’ voltage
The power readings given by the energymeter should be fairly constant for circuits using
batteries or smoothed and regulated low-voltage power supplies. If the power supply is not
smoothed and regulated (check this in its manual), then there can be considerable differences
in the power readings from one value to the next (though values of energy can still be used
since these are cumulative).
Datalogging
The energymeter can store up to 2500 samples of voltage, current, power and energy.
A sample period of 1, 2, or 4 seconds can be chosen.

The LCD contrast can be
adjusted by holding down
the function button whilst
pressing either the Start or
Reset buttons.
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FURTHER INFORMATION
The Original SEP Energymeter was developed by the Gatsby Science Enhancement Programme in
conjunction with Mindsets (formerly Middlesex University Teaching Resources). There is also an SEP
booklet ‘Making energy real: using the SEP Energymeter’ that gives further details about curriculum
applications with examples of student
materials.
Visit the SEP website (http://www.nationalstemcentre.org.uk/sep) for
information on curriculum resources.
Copies of the booklet ‘Making energy real’ can be purchased from Mindsets
(www.mindsetsonline.co.uk).
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