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BLACK HOLES
When Einstein’s general theory of relativity was published 
in 1915, a German physicist called Karl Schwarzschild was 
one of the first people to grasp some of the more complex 
meanings behind it.

Although the maths involved is incredibly complicated, 
Schwarzschild set to work calculating some solutions to 
the equations Einstein had created using objects in space. 
His work, published in 1916, laid the ground for lots of 
discoveries that would follow, but one of the most surprising 
was the existance black holes.

SQUASHING A STAR
Schwarzschild discovered something very strange. 
If the mass of a star was compressed into a tiny 

point, space-time would curve in on itself. 

If this happened, anything within reach of this incredibly 
dense point in space would not be able to travel fast enough 
to escape its gravity – not even light! And at its centre, 
according to Einstein’s theory, time would stop.

Although Einstein was impressed by Schwarzschild’s 
discovery, he didn’t believe that in reality a giant star could 
actually collapse, creating one of these superdense points. 

It wasn’t until years after Einstein died, that 
scientists discovered that these points – called 
‘black holes’ by a scientist called John Wheeler 
– not only exist, but are actually quite common. 

�ere is even one at the centre of our own galaxy.

PICTURE PERFECT
Taking a photograph of a black hole was thought to be 
impossible because no light or any other form of radiation 
can escape its gravity. But in April 2019, scientists revealed 
the first ever picture of a real black hole.

The supermassive black hole M87 is 53 million light years 
from earth and scientists used lots of different telescopes 
around the world to build up a picture of its effect on the 
area of space around it.

Stars that are too close to a black hole are torn 
apart and sucked into it creating a superheated 
spiral of matter that looks a bit like bathwater 

going down the plughole. 

Astronomers can detect this spiral and the point at which 
the matter crosses over into the black hole and can no longer 
be seen is called the event horizon.

WHAT WE KNOW NOW: PaRT 1 
When Einstein published his general theory of relativity, he only knew a little about what it meant. 

More than a century later, scientists are still making discoveries about the universe based on Einstein’s theories.
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Einstein developed his theory of relativity more than 100 years ago, and since then his 
discoveries have helped shape the world around us and led to many inventions that we all use 
every day. His ideas about molecules have been used to create cement and aerosols, his work on 
atoms changed our understanding of how the world is constructed and his Theory of Relativity 
allowed everything from space flight to satnav, security lights that detect movement to solar 
panels on our roofs, nuclear power and even the way we communicate almost instantly around 
the world through the internet.

During 1905 – his “Miraculous Year” – Einstein explained some of his greatest discoveries in letters 
to his friend Conrad Habicht. Explore what Einstein’s discoveries have contributed to the modern 
world on pages 52-55, then write a letter or postcard to a friend about your day, explaining the 
ways in which Einstein’s breakthroughs have made it possible.
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CURVED SPACE-TIME
�e universe, Einstein had discovered, was not just 
a big, empty space dotted with stars and planets  
but curved and warped by gravity. In fact, gravity 

is the curving of space-time.

One of the best ways to imagine this is to think of space as a 
very large trampoline. If you put a really heavy bowling ball 
in the middle of the trampoline, it curves the surface. Now, 
roll a small tennis or ping pong ball across the trampoline 
and it will roll towards the bowling ball. 

�e larger the mass – whether it's a bowling ball 
on the trampoline or a star like our sun in space 
– the more it will distort the space-time around 
it. If you placed several balls of different masses 
on the trampoline they would produce a rippled, 

warped surface. �is gives you an idea of what our 
universe looks like. 

GETTING FROM A TO B
Draw two dots on a flat sheet of paper.  

What is the shortest path between them? A straight 
line, of course. 

In classical physics, the maths to explain this is called 
Euclidean geometry, named after an ancient Greek 
mathematician called Euclid. 

We can use this kind of geometry to work out distances on 
maps and the angles at the corners of a triangle, for example. 
But in four-dimensional space-time, things get a little bit 
more complicated!

In Euclidean geometry, you need just three 
coordinates to locate something – x, y and z.  

But in the non-Euclidean geometry of a curved 
space-time, where the shortest path between two 

points is not a straight line, but a curve.
Einstein found that to work out distances he 

needed to solve 10 equations for every coordinate.

THE SHAPE OF THE UNIVERSE 
“The idea of a straight line also loses its meaning.” — Einstein in Relativity

WHAT SHAPE IS THE UNIVERSE?
Einstein worked out that the universe is “finite and yet has 
no limits”. How can that be?

Imagine you’re on a flat planet and can go in any direction. 
What happens when you get to the edge? You’d fall off!

Now, roll that flat land up into a ball. You can still roam 
anywhere you like, but while it still seems flat it actually 
curves very gently, so if you were to walk far enough in one 
direction you’d return to where you started.

�e universe is the same – but curved in four 
dimensions. You could travel forever in any 

direction and never reach the edge of the universe, 
but eventually return to where you started.

What’s more, the universe is actually expanding with every 
point in space moving away from every other point in space.
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THE GENERAL THEORY OF RELATIVITY: 
aN INTRODUCTION: PaRt 2

Imagine a flat, frisbee-like disk spinning in space with a man 
sitting on the edge. If we could watch from another nearby disk that 
isn’t rotating, we’d see him spinning round and round as if he was 
on a merry-go-round and decide that the force he felt pulling him 
outwards was caused by inertia. 

Meanwhile, the man on the disk could claim that he wasn’t actually 
spinning at all – it is actually everything else that is moving around 
him. And the force he can feel? Well, he’d say, that’s just a form of 
gravitational field that gets weaker towards the centre of the disk 
and stronger towards the edge.

Einstein had managed to apply his theory of special relativity to a gravitational field, but there were more 
complex forms of gravity that he needed to think about. Time for another of his famous thought experiments!

�e man then decides to do some experiments. He 
puts two identical clocks on the disk – one at the 

centre and the other at the edge. 

Now, to us on the nonmoving disk, the clock in the middle isn’t 
moving, but the one on the edge is whizzing round.

According to time dilation in special relativity, time can pass 
differently depending on whether you’re moving or standing 
still. So, we’d see on the clock at the edge of the spinning disk 
that less time had passed than the one in the centre.

Meanwhile, the man on the spinning disk would believe that 
neither clock was actually moving, but he’d find that the clock 
at the edge goes slower than the clock in the centre. What’s 
going on?

Gravity and inertia are equivalent (we know this from the 
man in the box), so while we can see that the time difference 
is because of acceleration, Einstein realised that “in every 
gravitational field, a clock will go more quickly or less  
quickly, according to the position in which the clock is  
situated (at rest)”.

CLOCK-WATCHING

MEASUREMENTS
Using a 1-metre long measuring rod, the man marks off 
the diameter of his disk – it is 10m. In geometry, you can 
work out the circumference of a circle from its diameter 
using a special number called pi (it’s pronounced ‘pie’ and 
is sometimes written like this: π). Pi is a very long number, 
but it begins 3.14. If you multiply pi (3.14) by the diameter 
(10m) you get your answer: the disk is about 31m around 
the circumference, so the man can lay 31 measuring rods 
around his disk.

But, for us watching from the other 
disk, something strange happens: those 
1-metre long rods around the outside of 
the rotating disk appear to be shorter 
than 1m! Why? Well, because of length 
contraction in the theory of special 
relativity – remember the speeding 
trains that look shorter to someone not 
zooming alongside them?

Because rotation is just acceleration in 
a circle and – like that box in space – 
produces something that looks like the 
effect of a gravitational field, Einstein 
realised that he could apply his theory 
of special relativity not only to objects 
accelerating in a straight line, but also 
rotating objects. And he realised that 
the normal rules of geometry did not 
apply to gravity.
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�e sugar 

dissolves in 
the water 

to produce 
syrup. 

PAPER 2: MOLECULE SIZE, 30 april 1905
“The second paper is a determination of the true sizes of atoms.”  

– Einstein in a letter to Conrad Habicht
Today, we know that everything is built from tiny atoms, but in 1905 the idea was still 

not fully accepted. Einstein discovered a way to figure out how big these atoms and 

molecules actually are.
A century before Einstein, an Italian scientist called Amedeo Avogadro estimated that 

any gas at the same temperature and pressure will have the same number of molecules 

in a set volume called a ’mole‘ – 22.4 litres. This is called Avogadro’s number and it is 

mind-bogglingly big… To reach Avogadro's number using grains of sand, you could 

cover the entire Sahara to a depth of 2 metres!Until now, measuring atoms and molecules had been done with gases, using Avogadro's 

number, but Einstein showed how they could be worked out more easily using liquids.  

If you dissolve sugar in water, the water becomes more viscous (thicker and more 

syrupy).  The more sugar you add, the slower and more difficult it becomes for an object 

to flow through the water. Einstein proposed that you could use 'viscosity' to make a 

measurement. He produced equations to show how big the molecules of sugar were 

and how many there were in the water. This paper became useful for everything, from 

mixing cement to making aerosol spray and it finally got Einstein his doctorate: he was 

now Dr. Einstein!

THE FOUR PAPERS: PaRt 1In the year of 1905, Einstein outlined his discoveries in four groundbreaking papers.  

In a letter he sent to his friend Conrad Habicht in May 1905, Einstein apologised for writing “inconsequential babble”,  

before going on to explain the revolutionary ideas that he had been working on. �e four papers that would  

change the course of science – and the world – were: 

PAPER 1: LIGHT QUANTA, 17 MaRch 1905
“The first deals with radiation and the energy 
properties of light and is very revolutionary…”  

– Einstein in a letter to Conrad Habicht
In this first paper, Einstein argued that light was not just a wave, but 
a stream of tiny particles or packets of energy he called quanta. These light quanta were later renamed ’photons‘.

Einstein’s discovery would have a huge impact on science. Isaac Newton had argued that light was made up of little particles, but it had been later shown that light actually travels as a wave. 

Now, Einstein had suggested that light was made of particles, 
but that they appeared to behave like a wave.

The ideas he developed in this paper would trouble him for the rest 
of his life. Half a century later, he wrote to his friend Michele Besso: 
“All these 50 years of pondering have not brought me any closer to 
answering the question, what are light quanta?”

Light is made up of particles, but moves 
as a wave


