
CS295 Realistic Image Synthesis

Homework 1

Instructor: Shuang Zhao
Due: Tuesday, April 23 at 23:59 pm

1 Radiometry

Consider a point light source at the origin, radiating isotropically with radiant powerΦ. Let there be an
infinitesimal surface at location r ∈ R3 with normal n ∈ S2.

1. Show that the irradiance of this source at r is

E(r,n) =

{
Φ
4π

cosθ
‖r‖2 when 〈r, n〉 < 0;

0 when 〈r, n〉 ≥ 0,

where 〈, 〉 denotes the inner (dot) product of two vectors.

2. The net irradiance at r is defined as

Ē(r,n) := E(r,−n) − E(r,n),

which further defines the vector irradiance as

~E(r) :=

Ē(r, [1, 0, 0])
Ē(r, [0, 1, 0])
Ē(r, [0, 0, 1])

 .

Show that under the aforementioned point light source, it holds that

~E(r) =
Φ

4π‖r‖3 r.

3. Plot a vector field indicating the vector irradiance over a plane passing through the source.

Now replace the point source with a spherical source of radius R with constant emitted radiance
L. That is, for any point r0 on the surface of this sphere (i.e., with ‖r0‖ = R) and ω ∈ S2, the emitted
radiance Le is given by

Le(r0,ω) =

{
L when 〈r0, ω〉 ≥ 0;
0 when 〈r0, ω〉 < 0.

4. Give an expression of L in terms of Φ and R.

5. Calculate irradiance E(r,n) by integrating incident light at r.

6. Calculate the fluence, or scalar flux, φ(r) defined as

φ(r) :=

∫
S2
L(r,ω)dω.

2 Monte Carlo Integration I

7. Use Monte Carlo integration to evaluate the following integral:

I =

∫1
−1

1√
2π

e−
x2

2 dx,

with probability density p(x) ≡ 1/2 for all x ∈ (−1, 1]. Use enough samples so that the 95%-
confidence interval Sn± 1.96 σn√

n
has a relative size of no more than 0.1% (i.e., making n large enough

so that 1.96 σn√
n
< 10−3 · |Sn|). Give an expression of the estimator 〈I〉 and report the number of

samples you used and the corresponding 95%-confidence interval.
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8. Use Monte Carlo integration to evaluate the probability for a standard normal variable X to be greater
than 4, which equals

I = P[X ≥ 4] =
∫+∞
4

1√
2π

e−
x2

2 dx.

Pick a proper density function p for your estimator 〈I〉 with unbounded support (so uniform distri-
butions do not work here), and use it to obtain a 95%-confidence interval with a relative size of at
most 0.1%. Give an expression of the estimator 〈I〉 and report the number of samples you used and
the corresponding 95%-confidence interval.
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