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Question 1.

Inflation is characterized by a very short period of exponential expansion in the very early Universe
with a(t) ∝ eHI t, where HI is the constant Hubble rate during inflation. Here, we would like to
explore how inflation solves the horizon and flatness problems.

(a) Explain how this short period of inflation can address the horizon problem. Modify the
diagram below to show how the causal horizon behaves when an early period of inflation
occurs. INFLATION 145 
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Figure 6.2. The horizon problem. The region inside the cone at any time is causally connected 
to us (at the center). Photons emitted from the last scattering surface (at redshift ^ 1000) 
started outside of this region. Therefore, at the last scattering surface, they were not in causal 
contact with us and certainly not with each other. Yet their temperatures are almost identical. 

Finally, we consider a scalar field theory and show that negative pressure is easy to 
accommodate in such a theory. 

Two comments about the field theory implementation. First, field theory has 
a reputation as a difficult subject. It is, but the part we will need for inflation is 
decidedly simple. Indeed, almost all we will need to know about field theory we've 
already used in the previous chapter on general relativity. The second point is that 
there is no known scalar field which can drive inflation. (A skeptic might point out 
that there is no known fundamental scalar held at all!) Therefore, it may well be 
true that the idea of inflation is correct but it is driven by something other than 
a scalar field. Having said that, there are a number of reasons to work with scalar 
fields, as we will do whenever we need to specify the source of infiation. Almost 
all fundamental particle physics theories contain scalar fields. In fact, historically 
it was particle physicists studying high-energy extensions of the Standard Model 
(in particular Grand Unified Theories) who proposed the idea of infiation driven 
by a scalar field as a natural byproduct of some of these extensions. Indeed, almost 
ah current work on infiation is based on a scalar field (or sometimes two). The 
alternative from a particle physics point of view is to use a vector field (such as 
the electromagnetic potential) or a set of fermions (similar to the way condensates 
induce superconductivity) to drive inflation. Neither of these choices works very 
well, but they both complicate things severely, so we will stick to a scalar field. 

Figure 1: The gray cone represents the causal horizon in the absence of inflation. The CMB photons
we observe today started outside of that cone at the last scattering surface. Figure from Dodelson
(2003).

(b) Explain how this short period of inflation can address the flatness problem by removing the
fine-tuning issue of having |Ωtot(t)− 1| be an extremely small number at early times.
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