Part 31: Inverse Square
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he last 12 months have been really busy for me, I put out three
lighting DVDs in that time, the latest is DIY Studio Lighting – With
Common Household Items which is all about creating beautiful
professional quality lighting on people without the gear, in fact
the only photographic gear required is a camera and a tripod, everything
else already exists in your home or for under $20 at your local hardware
shop. This video relies heavily on the fundamentals of lighting, and it is
understanding these fundamentals that made it possible for me to figure
out how to make this homemade photography concept work. I believe
that when you truly understand how to identify, create, and control
light quality and light quantity you don’t have to own all the gear, you
can 'McGyver' broom handles, ladders, bedsheets, towels, work lights,
aluminium foil, and such in its place. However, I not suggesting that
you avoid manufactured lighting gear, the real gear works better, much
much better, and is way way faster because it is much more efficient,
but this homemade approach is a fun learning exercise, and it is great
for someone who is just starting out with an empty wallet. Also it could
prove invaluable for the pro who shows up to do a shoot in another city
to find that their gear didn’t make it and no time to source replacements
(speaking from experience more than once on this account). I don’t teach
this approach much because it enrages manufacturers, but in reality it sells
the their products – once you get the lighting bug and are doing it with
household junk, you soon want to pony up and buy the real gear, way less
frustrating, besides showing up on a shoot with broom handles, ladders,
bedsheets, etc doesn’t really cut it with art directors and/or clients. What
I’m really getting at here is that great lighting isn’t really about the gear,

it is about knowledge, and that lighting knowledge is slipping away –
more and more photographers are getting their training from the internet
and unfortunately so much of this training is really substandard – they
glean their photographic knowledge in bits and drabs never getting the
full picture, it's all tidbits in isolation, the sum rarely equaling the whole.
Because of this, new photographers are not receiving a good education,
the basics are not being taught and are being forgotten. Check out my 'DIY
DVD' at www.montizambert.com and if you are interested it is available
from my website at a reduced price from the list price and it is also available
at www.photoshopcafe.com . You can also get the Disciple of David Discount
by entering 'monti01' in the promo-code box on the Photoshopcafe site,
but the better deal is from www.montizambert.com.
I'm just back from two months of lecturing and travel and one of things
that really struck me is that more than ever many photographers don't
really understand lighting fundamentals such as the inverse square law,
or if they do, not with any depth. So in this article I'm going to take a look
at the inverse square law and hopefully try to explain it in a way that a
creative mind can grasp.
You are probably thinking that the inverse square law is just a bit of
theoretical mathematical abstract rubbish that we don't really need
to know, that it is something that we read about or learned about in
lighting basics but never really use because we have light meters. It is
most commonly thought of as a way for nerdish photographers or selfimportant instructors to show off how they can calculate in their heads
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the change in brightness on a subject when the
distance of the light source is altered. But it does
more than this, it isn't just for exposure and showing
off, an understanding of the inverse square law
allows you to:
• More easily conceive a lighting solution and
solve the problems it will invariably cause.
• Make adjustments to a light source’s power
settings and distance with little to no trial and
error thus speeding up the lighting process.
• Better understand how to create and control
light quality (the Inverse Square Law plays a
really important part in this last point – more
on this in a future article).
Inverse square law is really a formula for calculating
energy to area. The Inverse Square law tells us to
take the inverse square of the distance, which is
easy enough to understand, if you know something
of math, but if you're a photographer you probably
don’t – most of us are still recovering from learning
how f-stops work. The inverse square law is a little
confusing because the formula is stated backwards.
This formula has three parts and in a nutshell works
like this: 1) calculate the change in distance of the
light-source, 2) square this figure, 3) invert the
result. So in the first part, what do I mean by take
the change in distance? Ask yourself, 'Is the light
moving closer to or is it moving further way from
the subject'. If it is moving closer then it is a fraction,
if it is moving further away then it is a multiple. For
instance, if you move the light from 4 metres to 1
metre that would be quartering the distance so
the number to do your math with would be 1/4. If
you move the light from 1 metre to 2 metres from
the subject, that would be multiplying the distance
so the number to do your math with would be
the number 2. The second part of the formula
requires you to square the change in distance,
which simply means, take the change in distance
and multiply it by itself – eg 1⁄4 x 1⁄4 = 1⁄16th and 2 x
2 = 4 times. The result of this calculation tells you
the area that the light energy will now cover, so
quartering the distance of the light from the subject
forces the light to cover 1⁄16th of the area (which is
1
⁄4 of its vertical dimension and 1⁄4 of its horizontal
dimension); doubling the distance of the light
from the subject will make the light cover a 4 times
bigger area (which is twice its vertical dimension
and twice its horizontal dimension). To arrive at
the change in brightness we need to use the third
part of the formula, we need to invert this figure
from part 2. In the examples above: 1⁄16th inverted is
16/1 or simply16 times brighter, and 4 times would
become 1⁄4, 1⁄4 of the original brightness.
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Now let’s put it to use – imagine if you will, a light
source pointed directly at a subject positioned 3
metres away, and let's say that the camera exposure is set to provide a
correct exposure with the light at this distance. If I moved the light from 3
metres to 1 metre while keeping it directly pointed at the subject and with
the power setting on the light unchanged as well as the camera exposure
unchanged, what do you think a capture of this would look like compared
to the first? Obviously overexposed! We all know that when you move
the light close to the subject, the subject gets brighter, but why does this
actually happen? The answer is energy to area – the spread of light covers
a smaller distance when it is closer and so is more intense. Let's say that at
3 metres away one trillion photons of light strike the subject at any given
millisecond. If the distance between the light-source and the subject is
cut from 3 metres to 1 metre (see Diagrams 001 & 002) we find that while
the same number of photons are being emitted from this source, they
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will have had less distance to spread out and so are travelling closer to
one another – they are more tightly packed at the time of impact on your
subject. When you think about light emitting from a point source or any
given point of a broad light source, you probably imagine these photons
racing out one after another in a straight line in a 'single-file' fashion. Each
photon does travel in a straight line but they race out from that point in
every direction over a 180˚ radius. This multi-directional emittance pattern
causes the photons to spread out from one another more and more as they
get further away from their source, so when the light source is far from your
subject the photons will have more distance to spread out and conversely
when the light is close to your subject the photons will have less distance
to spread out. At 1 metre the photons are covering 1⁄9th of the area that they
were covering at 3 metres and so 9 times as many photons will strike the
subject. So if 1 trillion photons are striking our subject when the light is 3
m away, how many photons would strike it when it's only 1 m away? Take
the change in distance, multiply it by itself, then invert – 1⁄3 x 1⁄3 = 1⁄9 which
becomes 9 times more photons, the answer is: 9 x 1 trillion = 9 trillion
photons at the 1 metre distance.
You are probably thinking, that's all great from a theoretical standpoint but
knowing how many photons are striking doesn’t tell me how to interpret
the final figure as an f-stop, or a shutter speed, or an ISO setting, or a
power setting so that I can get back to a correct exposure. To do this you
need know that a 1 stop hike increases exposure by 2 times and that a 1
stop drop decreases exposure by 1⁄2. To correct for the 9 times increase in
brightness using what we just learned, we must think; image is currently 9
times over exposed so cut the exposure to 1⁄9th. How many stops is 1⁄9th? If one
stop decrease in exposure is 1⁄2, then 2 stops must be 1⁄4, and 3 stops must
be 1⁄8th and so on (keep half-ing the last fraction). For a perfect exposure, 1⁄9th
requires a 3.125 stop adjustment,1⁄8th is as close as one can get on a DSLR to
1
⁄9th since its apertures, shutter speeds, and ISO can only be set in 1⁄3rd or 1⁄2
stop increments, besides it isn’t really worth worrying about since 0.125 of
a stop is pretty much negligible. If your light-source has continuous fade
control then you could dial in the exact exposure and leave the camera
settings as they are.
Knowing the Inverse Square Law really speeds up the photographic process
for me, it let’s me think things through without going to the trouble of
physically doing them to see how it might or might not work out. For
example it helps me with shooting decisions on the fly such as: if I double
the distance of the background from subject the background will have to
become physically 4 times bigger to cover the same area in my camera
frame, or how about, if I move the light four times further away I know
that the exposure will have to increase by 4 stops, can my light give me
that much more power to cover that or do I need to come up with another
solution. The Inverse Square Law diminishes 'shoot-stress' and frustration
freeing my brain to concentrate more on my subjects and other creative
aspects of the shoot. The technical mathematical side of photography and
lighting needs to be intuitive, it has to become second nature through
practise and contemplation, otherwise it is a hindrance rather than a boon
to creating great, imaginative images.
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