
THE SCIENCE
The electromagnetic spectrum is the range of all possible
frequencies of electromagnetic radiation, and extends from
γ-radiation at around 1023 Hz, through x-rays (ca 1019 Hz), 
ultraviolet light (ca 1015 Hz), visible light (ca 1014 Hz), infrared 
(ca 1013 Hz), and microwaves (ca 109 Hz), to radio waves (107 Hz). 
The different types of wave are all related by the equation:

velocity (v) = frequency (f) x wavelength (λ)

Thus if we know, or can measure, any two of these quantities, we 
can calculate the third. In this experiment we will measure the 
wavelength of microwaves in a microwave oven, and by looking at 
the specification printed on the back of the oven we will find out 
the frequency. With these two data we can calculate the speed of 
the microwaves, which is the speed of light.

MATERIALS
You will need:

 • four square and uniform slices of bread;
 • a ruler;
 • margarine.

HEALTH & SAFETY
Inform an adult of the experiment before you try it. If you are 
competent using a microwave then there are no special safety 
issues. Do not place anything in the microwave you wouldn’t 
ordinarily place in a microwave, especially metal items. Take 
care when examining the back of the microwave oven to find 
out the output frequency, do not attempt to move it without 
adult help or supervision.

METHOD
Remove the turntable from the microwave and cover the turning 
spindle under it with an upturned bowl (see photo). Take four 
square slices of bread and arrange them into a larger square. 
You may have to cut the crusts off the inner edges where the 
slices meet to ensure a close fit. Put the slices onto the turntable
and spread a thick layer of margarine all over the bread slices, 
right up to the edges.

Place the turntable on the bowl. Cook the bread for 20 s in 5 
s bursts, examining the butter in between the bursts. You are 
looking for melted patches to develop, and different powered 
microwaves will do this at different rates.

When parallel patches of melted margarine have appeared 
on two pieces of bread, measure the distance in centimetres 
between them. Use the centre point of one melted patch to the 
centre point of the next. Multiply this value by two. This is the 
wavelength of the microwaves. The value should be ca12 cm.

Now look at the back of the microwave. There should be a
sticker or plate which gives the specification of the oven.
You are looking for the ‘output frequency’. My microwave has an 
ouput frequency of 2,450 Mhz, which is 2,450 megahertz, which is 
2,450,000,000.

I measured the wavelength of the microwaves as 11.2 cm,
(0.112 m) and the frequency of my oven is 2,450,000,000 Hz.

Thus the velocity of the microwaves is:
= 2,450,000,000 x 0.12
= 274,000,000 metres per second

(The literature value is 299,792,458 ms–1)

NOTE:
Microwaves, like light, consist of a series of peaks and troughs. 
The microwaves bounce from one wall to another. The two 
waves sometimes cancel each other out, a peak from one will 
meet a trough from another and the result will be nothing 
(a cold spot). Sometimes they add together and reinforce each 
other (a hot spot). This is why microwaves require turntables 
– to ensures that the food passes through hot spots and is 
cooked through. The hot spots coincide with the areas where 
the margarine melts first, and the distance 
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