
What was the challenge?
The Visual Communications program at 
Washington University culminates in a 
seminar project to be completed during 
your senior year. The only parameters for 
the project are that the final deliverable 
will be an informational book.

What was the solution?
I was interested in the power of clear 
informational graphics to make complex 
ideas understandable, so I deliberately 
decided to focus on an obscure, esoteric 
topic: Einstein’s Theory of Relativity.  
After many long, excruciating nights in 
the library, I proclaimed myself an expert 
on Einstein’s theory of Relativity, 
and I wrote and designed this book. 
It uses clear language, appropriate 
pacing, and visual models to explain the 
scientific concepts. 

What was the effect? 
This book calcified my belief that visual 
models are an extremely powerful way 
to clarify complex ideas. It was very well 
received by the faculty and it is now part 
of the Special Collections of the Library 
of Washington University.
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31   Special Relativity

The most mind boggling part of Einstein’s  

theory is the idea that time is relative.  

Suppose two observers are inside two different 

vessels travelling at the same speed, which is 

99% of the speed of light. When they each look 

at the other vessel’s clock, they will find that 

they do not record time at the same rate. If two 

people travelling at high velocities compare their 

respecitve clocks, each will find that his own 

clock will be faster than the other.  This scenario 

is famously known as the twin paradox. 

Whenever two observers are associated with two 

distinct frames of reference in relative motion to 

each other, their determinations of time intervals 

and of distances will disagree systematically, 

without one being right and the other being 

wrong. As moving objects approach the speed of 

light, time moves increasingly slow as perceived 

from outside the moving system. The actual 

sensation of a space traveler would not be of 

slower time, but of shortened distance– 

the stars would seem nearer than he had believed. 
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Observer b will find that his clock ticks faster than observer a’s clock.
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Observer a will find that his clock ticks faster than observer b’s clock.

The twin paradox

35   Special Relativity

MASS

This equation means that 
energy and mass are the same 
thing, expressed in different 
units. Mass can be converted 
into pure energy, and vice versa. 

PURE ENERGY
Even mass is subject to change in Einstein’s 

world. The notion that it is impossible to create 

or destroy mass has been discarded, and in its 

place is the idea that mass can be transformed 

into energy and vice versa. The celebrated e=mc² 

means that mass and energy are the same thing, 

expressed in different units. 

In order to understand this hypothesis, 

understand that the mass of a material body 

is a measure of its resistance to change in 

motion. The larger the mass, the more it resists 

acceleration. This is similar to Newton’s second 

law, F=MA. It is also important to remember  

that the greatest possible speed achievable 

is c, the speed of light. Therefore, masses 

approaching the speed of light must provide 

increased resistance so as to not cross the 

threshold of c. 

According to Einstein’s theory, objects travelling 

at very high speeds increase in mass. The special 

theory of relativity leads to the conclusion of 

relativistic mass, and as a velocity approaches c, 

mass becomes infinately large. 

The conversion of mass into pure energy is a 

cornerstone of radioactive decay; as unstable 

elements decay, some of the mass is converted 

into pure kinetic energy while some of the mass is 

converted into other decay products. The nuclear 

reaction that occurs on our Sun, nuclear fission, 

is another expression of this idea. Four atoms 

of Hydrogen are combined to make one atom of 

Helium, and the unequal mass is converted  

into pure energy. 

energy

mass multiplied by

is equal to

the speed of light squared
e=mc²

15   Special Relativity

Observed phenomena depend on point of view. 

This idea can easily be applied to our own daily 

lives. Imagine we have boarded a train. While we 

are sitting at the station, we notice there is another 

train on the adjacent tracks. Suddenly, we will 

notice movement outside the window. Either the 

train we are inside has started to accelerate,  

or maybe the other train has started to accelerate.  

But for a time, it is impossible to tell which.  

Later, when inside a train car, we cannot tell 

how fast we are moving without looking out the 

window. These are all expressions of relativistic 

observations of motion and speed.  

Most people easily accept this concept and dismiss it 

as obvious, but they fall short of  following this logic 

to its startling implications. We understand how 

motions can be perceived differently to different 

observers, but most people fail to realize that it is 

not just motion that is relative, it is also time. 

How can we tell if the other train is moving forward? Are we moving backwards?

Relative motion

If we are moving, how do we know how fast the other train is moving?



39   General Relativity

Large masses cause spacetime to 
curve and stretch around them.  

Smaller objects move towards larger 
objects because of the curvature of 
space. This movement is interpreted 
as gravity.

LARGE MASS

SMALLER MASS

The general theory of relativity began with the 

formulation of the fundamental equations by 

Albert Einstein in 1916. It unifies Einstein’s earlier 

theory of special relativity and Newton’s law of 

universal gravitation. The equations introduced  

by Einstein are used to derive an imaginary line 

called a metric tensor. A tensor  is like a vector  

that describes the shape of space. 

In Einstein’s world, masses move along lines known 

as geodesic paths. A geodesic path is the shortest 

distance between two points in a curved four-

dimensional space. We can think of the baseball 

rolling towards the bowling ball as moving along  

a geodesic path. 

The presence of matter changes the geometry  

of spacetime, which effects the motion of objects 

in space, this motion being interpreted as gravity. 

Phenomena that in classical mechanics are attributed   

to gravity represent inertial motion within the curved 

geometry of spacetime. 

Whereas the special theory of relativity reimagined 

the concept of time, the general theory of relativity 

reimagines the physical structure of spacetime. 

When Einstein presented the general theory 

of relativity, he introduced new mathematical 

formulas that define space. These advanced partial 

differential calculus equations are used to derive 

mathematical lines that describe the shape 

of space. Remarkably, these perfectly sound 

mathematics produce results that most people  

find impossible and outrageous:  

curved, four-dimensional space. 

To help conceptualize this theory, picture a bowling 

ball on a stretched rubber sheet. The large ball will 

cause the rubber sheet to sag under its weight.  

If you dropped a baseball onto the sheet, it will roll 

toward the bowling ball. Einstein theorized that 

smaller masses travel toward larger masses not 

because they are “attracted” by a mysterious force, 

but because the smaller objects travel through space 

that is warped by the larger object. This movement  

is interpreted as gravity. 

Curved space 
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But it is not perfect.  
It does not return to the same  
point from which it started.
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According to Newton’s theory  
of gravity, Mercury should have  
a perfectly elliptical orbit, like this. 

MERCURY

SUN

As a result, its orbit looks like this.   
This seemingly erratic orbit is  
caused by the curvature of space.

energy

mass multiplied by

is equal to

the speed of light squared
e=mc²


