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START HERE

The short answer
Wi-Fi runs on numbers that are too small or too big to picture. This guide turns a few of

them into things you already know: a foot of wire, a stack of money, a ruler.

You don't need to do any math. Each page gives you one picture to keep.

A few words

A nanosecond is a billionth of a second. A millisecond is a thousandth of a second. A

watt measures power, like on a light bulb. Wi-Fi uses a tiny slice of one.
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TIME

A nanosecond you can hold
Grace Hopper was a computer pioneer and a US Navy admiral. She used to hand out

pieces of wire about 30 cm (1 foot) long.

Each piece showed how far light, or a radio wave, travels in one nanosecond. That's one

billionth of a second. Fast, but not instant.

Light starts here One nanosecond later

0 10 cm 20 cm 30 cm

About 30 cm (1 foot) of wire: the distance light goes in one nanosecond

Figure 1. A nanosecond, as a length. Light travels about a foot in a billionth of a second. The drawing is

not actual size.

GRACE HOPPER

"I had to point out that between here and the satellite were a very large number of

nanoseconds."

Lecture at MIT Lincoln Laboratory, 1985.
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TIME

An admiral had asked her why satellite messages took so long. Her answer was distance. A

satellite is a long way up, and every foot of the trip takes time.

You

Satellite

a long way up

each piece: one nanosecond

about 30 cm (1 foot)

Every foot of the trip

takes a little time

(not to scale)

Figure 2. A long trip is a lot of nanoseconds. Lay Hopper's wires end to end up to a satellite, and each

one adds a nanosecond. Not to scale.
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TIME

Wi-Fi keeps time in tiny steps
Wi-Fi devices take turns to talk. Each turn is timed in millionths of a second.

Your access point also sends out a short "here I am" message, called a beacon. It sends

about ten of them every second.

That gap between beacons feels like nothing to you. For light, it's a long trip.

ONE SECOND OF BEACONS

0 1 secondone gap

HOW FAR LIGHT GOES IN THAT ONE GAP

Earth

GPS satellite
about 20,000 km (12,500 mi) up

Light, in one gap: about 30,000 km (19,000 mi)

0 10,000 20,000 30,000 km

Figure 3. In the time between two beacons, light could travel past a GPS satellite. The lime gap on top

and the lime bar below are the same moment. Drawn to a normal, ruler-style scale.
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DISTANCE

Near and far
Your Wi-Fi signal crosses a room. A GPS signal falls from high in space. Both travel at the

speed of light.

The access point on your ceiling is a few meters away. A Starlink satellite is about 480 km

(300 miles) up. A GPS satellite is much farther again.

In your home

ceiling

floor

10 m (33 ft)

Light, one way: 33 ns

5 m (16 ft)

Starlink

ground

480 km

(300 mi)

Light, one way: 2 ms

100 km (62 mi)

GPS

ground

20,000 km

(12,500 mi)

Light, one way: 67 ms

5,000 km (3,100 mi)

Figure 4. Three distances, three zoom levels. No single drawing can show all three to one scale. Each

panel has its own scale bar.

That's why GPS signals arrive so weak. They have come a long way.
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POWER

Power: the rule of 3s and 10s
Wi-Fi engineers measure signal strength in decibels, or dB. You only need two facts.

Add 3 dB and the power about doubles. Add 10 dB and it's ten times bigger. Going down

works the same way. Think of it as money:

Take away 10 dB

a tenth

$10

Take away 3 dB

about half

about $50

Start

$100

Add 3 dB

about double

about $200

Add 10 dB

ten times

$1,000

Each bill is $100. Dashed outline: the part of a bill you no longer have.

Figure 5. Decibels as money, starting from $100. Add 3 dB and your money about doubles. Add 10 dB

and it grows ten times.
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POWER

A billion to one

Your phone sends its Wi-Fi signal with up to about a tenth of a watt. By the time it reaches

the access point across the house, it can be a billion times weaker.

That sounds broken, but it's normal. A billion to one is like one second out of about 32

years. Wi-Fi radios are built to hear signals that faint.

ACROSS THE HOUSE

Leaves your phone:

a tenth of a watt

Reaches the access point:

a billion times weaker

A BILLION TO ONE, DRAWN TRUE

about 32 years

One second is here.

It is too thin to draw.

Figure 6. Weak on arrival is normal. The signal thins out with every wall and every foot. The bar below

shows how big a billion to one is.
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DISTANCE AND SIZE

Why distance costs so much
A signal spreads out as it travels, like paint from a spray can. The farther it goes, the

thinner it gets.

Router

full strength

near

a quarter

twice as far

a ninth

three times as far

Figure 7. The same power, spread over more area. Double the distance and the signal covers four times

the area. Each spot gets a quarter as much.
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DISTANCE AND SIZE

How big is a radio wave?
Wi-Fi waves are small enough to hold. A 2.4 GHz wave is about 12 cm (5 inches) long; the

figure shows it at actual size. A 5 or 6 GHz wave is about 5 to 6 cm (2 inches) long.

2.4 GHz Wi-Fi: about 12 cm (5 in)

5 GHz Wi-Fi: about 6 cm (2 in)

6 GHz Wi-Fi: about 5 cm (2 in)

One wave of each, at actual size when printed at 100%. Ticks are 1 cm apart.

Figure 8. One wave from each Wi-Fi band. The bands with smaller waves have more room for data, but

they fade faster through walls.
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DATA

Bits and bytes
Internet speed is sold in megabits. File sizes are counted in megabytes. They are not the

same thing.

A byte is eight bits. So to turn a speed in Mbps into megabytes each second, divide by 8.

8 BITS MAKE 1 BYTE

8 bits

1 byte

A 100 MBPS PLAN, EACH SECOND

100 megabits

divide by 8

about 12 megabytes

Figure 9. Eight bits fill one byte. Pour a second of a 100 Mbps plan into byte jars and you fill about 12 of

them.

The letter A, stored as 1 byte 0 1 0 0 0 0 0 1 = 8 bits

0 1 min 2 min 3 min 4 min 5 min 6 min

Time to download a 4 GB movie

What people expect at 100 Mbps 40 s

Real, at 100 Mbps (at least) 5 min 20 s

Real, at 1 Gbps (at least) 32 s

Figure 10. Why a download takes longer than you think. A 100 Mbps plan moves a movie in minutes, not

seconds. Drawn to a normal, ruler-style scale.

Real downloads are slower still. Other devices share the connection, and every message

carries a little extra.
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STRAIGHT FACTS

Four things people get wrong
Each myth is followed by what's true.

MYTH A nanosecond is too short to matter.

FACT Light only goes about a foot in one. Wi-Fi times its turns in millionths of a second,

so nanoseconds add up fast.

MYTH Adding 3 dB doubles the power exactly.

FACT It's close to double. That's close enough for any Wi-Fi math you'll ever do.

MYTH A 100 Mbps plan downloads 100 megabytes a second.

FACT Mbps means megabits. Divide by 8. At best, that's about 12 megabytes a second.

MYTH A weak signal means something is broken.

FACT A signal can arrive a billion times weaker than it left and still work. Wi-Fi is built

for that.

Pictures to keep

A nanosecond is about

a foot of light.

Add 3 dB for double.

Add 10 dB for ten times.
x2

Double the distance, and the

signal drops to a quarter.

Divide Mbps by 8 to get

megabytes a second.

Figure 11. Four pictures to keep. The four ideas from this guide worth remembering.
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Written for anyone who wants Wi-Fi's numbers to mean something. Companion

guides: How GPS Works, Explained; Analog vs Digital, Explained; Starlink, Explained.

Keith Parsons, CWNE #3, Wireless LAN Professionals.
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