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FlashlightsFlashlights
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Observations about FlashlightsObservations about Flashlights

You turn them on and off with switchesYou turn them on and off with switches
Brighter flashlights usually have more batteriesBrighter flashlights usually have more batteries
Flashlights grow dimmer as their batteries ageFlashlights grow dimmer as their batteries age
Sometimes smacking a flashlight brightens itSometimes smacking a flashlight brightens it
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6 Questions about Flashlights6 Questions about Flashlights

Why do flashlights need batteries and bulbs?Why do flashlights need batteries and bulbs?
How does power flow from batteries to bulbs?How does power flow from batteries to bulbs?
How does a flashlight’s switch turn it on or off?How does a flashlight’s switch turn it on or off?
How can a battery be recharged?How can a battery be recharged?
Why does a shortWhy does a short--circuited flashlight get hot?circuited flashlight get hot?
What distinguishes differentWhat distinguishes different--voltage lightbulbs?voltage lightbulbs?
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Question 1Question 1

Why do flashlights need batteries and bulbs?Why do flashlights need batteries and bulbs?
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What Batteries DoWhat Batteries Do

Batteries provide flashlights with electric powerBatteries provide flashlights with electric power
A battery “pumps” charges from A battery “pumps” charges from –– to +to +

Decreases the battery’s chemical potential energyDecreases the battery’s chemical potential energy
Increases the charges’ electrostatic potential energyIncreases the charges’ electrostatic potential energyIncreases the charges  electrostatic potential energyIncreases the charges  electrostatic potential energy

Those charges undergo a rise in voltage:Those charges undergo a rise in voltage:
1.5 volts in a typical alkaline cell, 1.5 volts in a typical alkaline cell, 
3.0 volts or more in a lithium cell,3.0 volts or more in a lithium cell,
and of even more in a chain of cells.and of even more in a chain of cells.

In a twoIn a two--cell alkaline flashlight, the rise is 3.0 Vcell alkaline flashlight, the rise is 3.0 V
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What Lightbulbs DoWhat Lightbulbs Do

Bulbs turn electric power into light powerBulbs turn electric power into light power
A bulb lets charges flow through its filament,A bulb lets charges flow through its filament,

Decreases the charges’ electrostatic potential energyDecreases the charges’ electrostatic potential energy
P d h l i l di li hP d h l i l di li hProduces thermal energy, including light.Produces thermal energy, including light.

Those charges undergo a drop in voltageThose charges undergo a drop in voltage
while passing through the bulb’s tungsten filamentwhile passing through the bulb’s tungsten filament
because thin tungsten wire is a poor conductor.because thin tungsten wire is a poor conductor.

In a twoIn a two--cell alkaline flashlight, the drop is 3.0 Vcell alkaline flashlight, the drop is 3.0 V
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Question 2Question 2

How does power flow from batteries to bulbs?How does power flow from batteries to bulbs?

Flashlights 8

Electric PowerElectric Power

Electric power is the rate of energy transfer,Electric power is the rate of energy transfer,
the electric energy transferred per unit of time,the electric energy transferred per unit of time,
and is measured in watts (i.e., joules/second).and is measured in watts (i.e., joules/second).

B i id l iB i id l iBatteries provide electric powerBatteries provide electric power
LightbulbsLightbulbs consume electric powerconsume electric power
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Electric CurrentElectric Current

Electric current is the rate of charge transfer,Electric current is the rate of charge transfer,
the electric charge passing a point per unit of time,the electric charge passing a point per unit of time,
and is measured in amperes (i.e., coulombs/second).and is measured in amperes (i.e., coulombs/second).

B i id l iB i id l iBatteries provide power to electric currentsBatteries provide power to electric currents
LightbulbsLightbulbs extract power from electric currentsextract power from electric currents
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Electric Current in a FlashlightElectric Current in a Flashlight

In a flashlight,In a flashlight,
an electric current carries poweran electric current carries power
from batteries (the energy source)from batteries (the energy source)
thr h ir (th t in rr nt p th)thr h ir (th t in rr nt p th)through a wire (the outgoing current path)through a wire (the outgoing current path)
to a to a lightbulblightbulb filament (the energy destination),filament (the energy destination),
and the current then returns through another wireand the current then returns through another wire
to the battery for reuse.to the battery for reuse.
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How a Battery WorksHow a Battery Works

A battery uses its chemicals to pump currentA battery uses its chemicals to pump current
from its negative terminal to its positive terminal.from its negative terminal to its positive terminal.

Current gains voltage in the batteryCurrent gains voltage in the battery
d h b h id l id h b h id l iand the battery thus provides electric power.and the battery thus provides electric power.

power provided = current · voltage risepower provided = current · voltage rise
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How a How a LightbulbLightbulb Filament WorksFilament Works

Normal electrical conductors are imperfect,Normal electrical conductors are imperfect,
so electric currents don’t coast through them;so electric currents don’t coast through them;
electric fields are required to keep currents moving.electric fields are required to keep currents moving.

For a current to flow through a filament,For a current to flow through a filament,For a current to flow through a filament,For a current to flow through a filament,
the filament must have an electric field in itthe filament must have an electric field in it
caused by a voltage drop and an associate gradient.caused by a voltage drop and an associate gradient.

Current loses voltage in the filamentCurrent loses voltage in the filament
and the filament thus consumes electric power.and the filament thus consumes electric power.

power consumed = current · voltage droppower consumed = current · voltage drop
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Question 3Question 3

How does a flashlight’s switch turn it on or off?How does a flashlight’s switch turn it on or off?
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Circuits and FlashlightsCircuits and Flashlights

Steady current requires a circuit or loop pathSteady current requires a circuit or loop path
because charge mustn’t accumulate anywherebecause charge mustn’t accumulate anywhere
and a closed conducting loop avoids accumulation.and a closed conducting loop avoids accumulation.

I fl hli h h l i i i iI fl hli h h l i i i iIn a flashlight, the electric circuit isIn a flashlight, the electric circuit is
closed (complete) when you turn the switch onclosed (complete) when you turn the switch on
open (incomplete) when you turn the switch offopen (incomplete) when you turn the switch off
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Question 4Question 4

How can a battery be recharged?How can a battery be recharged?
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Recharging a Battery Recharging a Battery (Part 1)(Part 1)

While a battery discharges:While a battery discharges:
Current flows forward, from Current flows forward, from –– end to + end.end to + end.
Current experiences a voltage riseCurrent experiences a voltage rise
Ch r ’ l tr t ti p t nti l n r in rCh r ’ l tr t ti p t nti l n r in rCharges’ electrostatic potential energy increasesCharges’ electrostatic potential energy increases
Battery’s chemical potential energy decreasesBattery’s chemical potential energy decreases
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Recharging a Battery Recharging a Battery (Part 2)(Part 2)

While a battery recharges:While a battery recharges:
Current flows backward, from + end to Current flows backward, from + end to –– end.end.
Current experiences a voltage dropCurrent experiences a voltage drop
Ch r ’ l tr t ti p t nti l n r d rCh r ’ l tr t ti p t nti l n r d rCharges’ electrostatic potential energy decreasesCharges’ electrostatic potential energy decreases
Battery’s chemical potential energy increasesBattery’s chemical potential energy increases
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The Direction of CurrentThe Direction of Current

Current is defined as the flow of positive chargeCurrent is defined as the flow of positive charge
but negative charges (electrons) carry most currents.but negative charges (electrons) carry most currents.

It’s difficult to distinguish between:It’s difficult to distinguish between:
N i h fl i h i hN i h fl i h i hNegative charges flowing to the rightNegative charges flowing to the right
Positive charges flowing to the left.Positive charges flowing to the left.

We pretend that current is flow of + charges,We pretend that current is flow of + charges,
although it’s really although it’s really –– charges flowing the other way.charges flowing the other way.
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Effects of Current DirectionEffects of Current Direction

Batteries typically establish the current directionBatteries typically establish the current direction
Current direction doesn’t affectCurrent direction doesn’t affect

wires, heating elements, or wires, heating elements, or lightbulblightbulb filaments,filaments,
Current direction is critically important toCurrent direction is critically important to

electronic components such as transistors and LEDselectronic components such as transistors and LEDs
and some electromagnetic devices such as motors.and some electromagnetic devices such as motors.
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Question 5Question 5

Why does a shortWhy does a short--circuited flashlight get hot?circuited flashlight get hot?
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Short CircuitsShort Circuits

If a conducting path bridges the filament,If a conducting path bridges the filament,
current bypasses the filamentcurrent bypasses the filament
and the circuit is abbreviated or “short.”and the circuit is abbreviated or “short.”

Th i i d i iTh i i d i iThere is no appropriate energy destination,There is no appropriate energy destination,
so energy loss and heating occurs in the wires.so energy loss and heating occurs in the wires.

Such a short circuit is a recipe for fires!Such a short circuit is a recipe for fires!
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Question 6Question 6

What distinguishes differentWhat distinguishes different--voltage lightbulbs?voltage lightbulbs?
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Ohm’s LawOhm’s Law

Currents experience voltage drops while passing Currents experience voltage drops while passing 
through wires, filaments, and other conductors.through wires, filaments, and other conductors.
In ordinary electrical conductors, the voltage In ordinary electrical conductors, the voltage 
drop is proportional to the c rrent:drop is proportional to the c rrent:drop is proportional to the current:drop is proportional to the current:

voltage drop = resistance · currentvoltage drop = resistance · current
where where resistanceresistance is a characteristic of the conductor.is a characteristic of the conductor.

That relationship is known as Ohm’s law.That relationship is known as Ohm’s law.
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Resistance and FilamentsResistance and Filaments

The smaller a filament’s resistance,The smaller a filament’s resistance,
the more current it carries for a given voltage dropthe more current it carries for a given voltage drop
the more electrical power it consumesthe more electrical power it consumes

T id h i fil i hi hT id h i fil i hi hTo avoid overheating, filaments in higherTo avoid overheating, filaments in higher--
voltage flashlights must havevoltage flashlights must have

larger resistances (to limit power consumption)larger resistances (to limit power consumption)
or larger surfaces (to dissipate more thermal power)or larger surfaces (to dissipate more thermal power)
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Summary about FlashlightsSummary about Flashlights

Current carries power from batteries to bulbCurrent carries power from batteries to bulb
The switch controls the flashlight’s circuitThe switch controls the flashlight’s circuit
Current flows only when the circuit is closedCurrent flows only when the circuit is closed
The batteries raise the current’s voltageThe batteries raise the current’s voltage
The lightbulb lower the current’s voltageThe lightbulb lower the current’s voltage


