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SOLAR CLOCK KIT COMPONENTS

1. Clock movements and hands [optional]

2. Fixing for clock [optional]

3. Tagged rechargeable AA battery + wire 

4. Double solar cell

5. Fixing for solar cell to window

6. Current monitor & charge limiter control board
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Figure 1: Current monitor & charge limiter control board showing diode, 100 ( resistor, two measuring pins for connecting to multi-meter and pinch terminal to connect positive wire of battery.

7. Clock face and template e.g. made from CD [optional]

8. 2-core wire leads of up to 5 metres

9. Digital multi-meter [optional]

10. Clock circuit drawing

SOLAR CLOCK UPGRADE COMPONENTS FOR AN EXISTING AA-POWERED CLOCK MOVEMENT
1. Tagged rechargeable AA battery+ 2-core wire leads of up to 5 metres 

2. Double solar cell

3. Fixing for solar cell to window

4. Current monitor & charge limiter control board

5. Digital multi-meter [optional]

6. Clock circuit diagram
SOLAR CLOCK ACTIVITIES

1. Design clock circuit

2. Design clock housing

3. Design clock face

4. Determine optimum location of solar cell and clock

5. Measure charging current to battery using current monitor & charge limiter. 

Note: This activity requires the use of a DIGITAL MULTI-METER and introduces the basic concepts of using a multi-meter and using Ohm’s Law to determine charging current. 
Solar Clock:  Design and Principles of Operation

The solar clock uses a standard clock mechanism, a photovoltaic [PV] solar cell, and a rechargeable AA battery. The PV cell generates enough electricity both to run the clock during daylight and to recharge the AA battery so that it can run the clock during the hours of darkness. The clock will run continuously provided that enough charge is maintained in the rechargeable AA battery. 
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Figures 1 & 2:  Clock face and clock mechanism, recharge battery and wire

Figure 2: Control ‘board’ with diode D1 and 100 Ohm resistor R1 plus two pins to connect to a multi-meter to log output for data-logging task.
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Figure 3:  Solar-powered clock circuit diagram

CONTROL BOARD UNIT WITH DIODE D1 AND 100 OHM RESISTOR R1 PLUS TWO PINS 

By simply connecting a solar cell to the rechargeable battery we could charge it, but if we try this, two problems arise:

1. The PV cell can provide more than enough current for charging
: in fact we need to limit the current so that the battery is not damaged when the PV cell is in full sunlight. In Figure 3, there is a resistor, R1, which will limit the maximum charging current on a sunny day to about 20mA, whilst still enabling enough charge current to flow on cloudy days. 

2. When the PV cell is not generating electricity, the rechargeable AA battery could push current back through the PV cell, so discharging the  rechargeable battery.  The diode, D1 (which acts like the valve on a bicycle tyre and only allows air to go into the tyre but not to escape out) stops current flowing out of the battery when the battery voltage is higher than the PV cell voltage.
Ohms Law
 tells us the relationship between current, voltage and resistance. We know via the colour bands on the resistor that it has a resistance of 100 Ohms [(]. The control board has two pins on one side and one pin on the other. Now connect this single pin to the positive terminal of the PV cell and current will flow into the battery. You can now measure the battery charge current by connecting a digital ammeter, switched to a suitable range to measure volts or millivolts by connecting the meter leads to the two pins of the control board. You now have a measurement of the voltage across the resistor, which has a resistance at 100 Ω. You now know the voltage and resistance, so Ohm’s Law tells you the charging current.

ACTIVITY:  MEASUREMENT OF CHARGE CURRENT
We use the CONTROL ‘BOARD’ UNIT WITH DIODE D1 AND 100 OHM RESISTOR R1 PLUS TWO PINS to measure and monitor and log the charge current into the battery. 

STEP 1: Simply connect a multi-meter on a suitable voltage range to the two pins on the control board to measure a voltage [V]. The pins are connected to the two ends of the resistor].

We have a resistance [100 (] and a voltage [V].

STEP 2: Applying Ohms Law will tell us the current.

I=V/R
This clock should run for several years without problems.  The clock movements usually last from five to ten years, as should the rechargeable battery, and the PV cell should last around 20-25 years.  
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� In full sunlight the solar cell will generate a much higher voltage than that of the battery which can force more current into the battery than the battery can take without damage. However, a Nickel Metal Hydride battery can take limited overcharging as it is protected against overcharging to some degree.





� Ohm's Law defines the relationships between (P) power, (E) voltage, (I) current, and (R) resistance. One ohm is the resistance value through which one volt will maintain a current of one ampere. 





( I ) �HYPERLINK "http://www.the12volt.com/ohm/page2.asp#current"��Current� is what flows in a wire or conductor like water flowing in a pipe. Current flows from positive to negative in a conductor when a positive voltage is applied across it. Current is measured in (A) amperes or amps. 





( V ) �HYPERLINK "http://www.the12volt.com/ohm/page2.asp#voltage"��Voltage� is the difference in electrical potential between two points in a circuit. It's the push or pressure behind current flow through a circuit, and is measured in (V) volts. 





( R ) �HYPERLINK "http://www.the12volt.com/ohm/page2.asp#resistance"��Resistance� determines how much current will flow through a component. �HYPERLINK "http://www.the12volt.com/resistors/resistors.asp"��Resistors� are used to control voltage and current levels. A very high resistance allows only a small current to flow. A very low resistance allows a large current to flow. Resistance is measured in ohms and is denoted by the Greek letter Ω called Omega.





( P ) �HYPERLINK "http://www.the12volt.com/ohm/page2.asp#power"��Power� is the amount of current flowing in a component or circuit, multiplied by the voltage across that component.





