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Study Questions for Hawking’ A Brief History of Time 
Some science questions modified from the work of L. de Valencia 
<http://eee.uci.edu/programs/comp/139/doc/reading/hawking.htm> 

 
Attacking the Science: 
 

1. At the beginning of his book, Hawking gives us various models of the universe. Briefly 
summarize the models that he attributes to Aristotle and Copernicus. On what 
fundamental point do the models differ? (pp. 2-4) 

 
2. What is the fundamental postulate of Einstein’s theory of relativity? How does this theory 

contradict the concept of “absolute time”? (pp. 20-22)  
 

3. What does the “special” theory of relativity that Einstein first proposed neglect? How did 
Einstein’s “general” theory of relativity correct for that neglect? What does this have to 
do with light bending around the sun? (pp. 28-33)  

 
4. What did Edwin Hubble discover that changed our picture of the universe? What does it 

mean that all other galaxies are “red-shifted,” and how does that tend to support the idea 
of a “big bang”? (pp. 38-41)  

 
5. What is Heisenberg’s Uncertainty Principle, and how has it undermined the Laplace’s 

philosophy of scientific determinism? (pp. 55-57)  
 

6. Why do we need a unifying theory or a “Theory of Everything”? What here is incomplete 
or in conflict? What does Hawking suggest a “TOE” could allow us to do? (pp. 11-14, 
189-191)  

 
Attacking the Implications: 
 

1. Are there certain questions that science can never answer? For example, do you think 
science will ever explain why we exist? Or do you believe science can answer questions 
about how or why we make certain decisions as humans? Can human behavior, for 
example, be reduced to chemical reactions and electrical impulses?  

 
2. Does science sometimes intrude on the sacred? Are there certain mysteries that scientists 

should not attempt to solve? Should scientists work on being able to create new living 
organisms by replicating the DNA of another (cloning)?  

 
3. Does the idea of discovering a unified theory that describes the entire universe fill you 

with hope, fear, (or indifference)? Why? Do you think such a theory would really allow 
us to “know the mind of God”?  

 
4. Are the answers to questions such as “does the universe have a beginning and an end?” or 

“does time have a beginning and an end?” important to you? Would they have an impact 
on the way you live your life? Would the answers to these questions have an impact on 
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your belief in the existence of a Supreme Being or Beings?  
 

5. Do Western scientific approaches to nature have anything in common with the approach 
of Bashô? Do they yield similar or different views of humankind’s place in the universe 
and relationship with nature? Are the two approaches compatible or mutually exclusive?  

 
Attacking the Science (in detail): 
 

Terms: 
♦ Special Relativity  
♦ General Relativity  
♦ Red-Shifting  
♦ Scientific Determinism  
♦ Heisenberg’s Uncertainty Principle 
♦ Quantum Mechanics  
♦ Theory of Everything  

 
1. At the beginning of his book, Hawking gives us various models of the universe. Briefly 

summarize the models that he attributes to Aristotle and Copernicus. On what 
fundamental point do both models diverge? What discovery by Galileo supported 
Copernicus?  

 
♦ Aristotle – (geocentric) The earth is the center of the universe, around which 

the moon, the planets, and the sphere of fixed stars revolve in circular orbits  
 
♦ Copernicus – (heliocentric) The Sun is at the center of the solar system and all 

planets (including earth) revolve around it in circular orbits.  
 Galileo’s discovery that there were moons orbiting around Jupiter 

was proof that not everything had to orbit the earth.  
 Johannes Kepler later modified the theory to make the orbits 

elliptical instead of circular. 
 

2. What is the fundamental postulate of Einstein’s theory of relativity? How does this theory 
contradict the concept of “absolute time”? (p.20)  

 
Fundamental Law of Relativity – “the laws of science should be the same for all 
freely moving observers, no matter what their speed.”  
 
♦ But this is problematic if the speed of light is constant: 

• The train example:  
- X and Y are riding on opposite ends of a train car (X at the 

front) going 10mph. Z is standing on the ground by the side 
of the tracks  

 
 10 mph X
Y      
Z (stationary) 
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- If X throws a tennis ball to Y at 5mph, how fast is that ball 
traveling from Z's perspective?  

 
 

          Y   X   10 mph 
   Z (stationary) 
           5 mph  

(answer 10-5 = 5 mph) 
- What if X shines a flashlight at Y, with packets (quanta) of 

light traveling toward Y at the speed of light? How fast 
should the packets of light be traveling from Z’s 
perspective? 

 
          Y   X    10 mph 

  Z (stationary) 
      c 

 Newton’s answer would be [‘c’-10 mph], but that 
would mean that the light from the flashlight was 
traveling slower than the speed of light. 

 Einstein’s theory of relativity says that can’t happen 
since the speed of light in constant! 

• If the speed of light is constant, that means 
that time must be different from those on the 
train compared to those on the ground, i.e., 
time is not absolute – it is different for each. 

 
3. What does the “special” theory of relativity that Einstein first proposed neglect? How did 

Einstein’s “general” theory of relativity correct for that neglect? What does this have to 
do with light bending around the sun? 

 
♦ The Special Theory of Relativity says that the laws of science should be the 

same for all freely moving observers, no matter what their speed – IN THE 
ABSENCE OF GRAVITATIONAL EFFECTS. In other words, it cannot 
account for gravity. 

 
♦ The General Theory of Relativity is the same as Special Relativity, except that 

gravity is included in terms of a curvature in 4-dimensional space-time. Some 
interesting predictions of this theory: 

• Light appears to be bent by massive objects (like the sun). 
• Time slows down the closer you are to a massive object: so a clock 

at the top of the Empire State Building is running faster than a 
clock at the bottom (although the difference is miniscule). 

• A twin living on a top of a mountain ages faster than one at sea 
level, consequently don’t move to Colorado! 

 
4. What did Edwin Hubble discover that changed our modern picture of the universe? What 
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does it mean that all other galaxies are “red-shifted,” and how does that tend to support 
the idea of a “big bang”? (pp. 38-41). 
 

♦ Edwin Hubble demonstrated that there were other galaxies, and estimated 
many of their distances. Hubble also measured the gas spectra of other 
galaxies and found they were all “red shifted.” 
 

The Doppler Effect: 
          (Horn blast)    
   
 
               X   10 mph 
 
   Y (stationary)      Z (stationary) 
 (Hears lower frequency – red shift)   (Hears higher frequency – blue shift) 

 
♦ So most galaxies are moving away from us and the farther they are from us, 

the faster they are moving away. 
 This supports the theory that the universe is expanding and that 

everything was together at one point – the Big Bang 
 But, there are three different models suggested as to what might 

happened in the future (p. 46) 
i. Big Crunch – Universe expands until the gravity of all objects 

pull everything back in. 
ii. Universe keeps expanding at infinite rate. 

iii. Universe keeps expanding at a slower and slower rate, but never 
stops expanding. 

 
Does the Big Crunch make you nervous? 

 
5. What is Heisenberg’s Uncertainty Principle, and how has it undermined the Laplace’s 

philosophy of scientific determinism? (pp. 56-57). 
 

♦ Laplace’s Scientific Determinism suggests that if given the state of the 
universe at a single time and the laws of the universe, we could successfully 
predict everything that would happen down to the smallest details. 

 
♦ Heisenberg’s Uncertainty Principle suggests that one can never know exactly 

the position and velocity of a particle.  
 Since the act of measuring affects the particle being measured, the 

more accurately we know one value, the less accurately we know the 
other. 

 This means that determinism is impossible since there are always an 
element of unpredictability in the universe: we can never predict the 
future if we can’t even measure the present accurately.  
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♦  Quantum Mechanics, then, is an attempt to describe and measure the behavior 
of small particles. 

 Quantum mechanics does not predict specific actions for a particle, but 
predicts a range of possible results and the likelihood of each. 

 This is also relevant for light since Max Planck described light as 
having the dual properties of waves and particles: double slit 
interference experiment on p. 60. 

 
6. Why do we need a unifying theory or a “Theory of Everything”? What here is incomplete 

or in conflict? What does Hawking suggest a “TOE” could allow us to do? 
 

♦ Right now we have two partial theories that explain much, but conflict with 
one another and break down in certain circumstances: 

i. General Relativity works well for the large universe, but breaks 
down when approaching the smallest of world – the singularity 
– a point of infinite density and infinitesimal size. 

ii. Quantum Mechanics works well in describing the behavior of 
particles, but does not include or explain the phenomenon of 
gravity. 

 
♦ Trying to unify these conflicting theories is one of Hawking’s main goals and 

one of the major goals of modern physics.  
 


