
Quantum Mechanics — Exam 1
Monday, Feb. 2, 2026

This exam has two sections. The first section consists of the first three problems and is on complex 
variables. The second section is on classical and quantum-mechanical wave interference.

THIS EXAM WAS TOO LONG. WE MOVED PROBLEM 4 TO PROBLEM SET 7 AND ALSO EXTRA CREDIT 
PROBLEM 6 TO PROBLEM SET 7.

1. Double and Triple Angle Formulas

(a) Starting with eiθ2 = e2 iθ show that cos2 θ - sin2 θ = cos 2θ and that 2 cosθ sinθ = sin2θ.

(b) Use what you just showed in (a) to show that cos2 θ = 1
2
(1+ cos 2θ) and  sin2 θ = 1

2
(1- cos 2θ). Of 

course, you can use the defining fact about the cosine and sine, which is that they locate the x and y 
coordinates on the unit circle, x2 + y2 = 1, and therefore cos2 θ + sin2 θ = 1.

(c) Use what you just showed in (b) to argue that cos2 θ  actually has period π, rather than 2π , and then 
give its average value over one full period. Also, give the average value of sin2 θ over one full period.

(d) Very similarly to what you did in (a), start with eiθ3 = e3 iθ and find some combination of things that 
is cos 3θ and another that is sin 3θ.

2. Trigonometric Identities Used in Interference

(a) Give an expression for A and another expression for B that only involves their average, m ≡ A +B
2

, and 

their difference, d ≡ A-B.

(b) Use what you got in (a) to give four expressions for  (i) eiA, (ii) e-iA, (iii) eiB, (iv) e-iB. Each of your four 
expressions will have combinations of m and d in it.

(c) Since cosA = eiA+e-iA

2
 and cosB = eiB+e-iB

2
, you can use what you derived in (b) to get an expression for 

cosA+ cosB in terms of m and d. You should be able to tidy your expression so that it only involves trig 
functions, not exponentials.

(d) Let A = ωt +ϕ1 and B = ωt +ϕ2. Notice that ωt disappears from the difference d, which we now will 
call Δϕ. Let’s call the average ωt +ϕavg.



3. Hyperbolic Trigonometry

Thanks to the exponential function now being able to take complex numbers in the exponent, we have 

new expressions for cosθ and  sinθ, namely: cosθ = eiθ + e-iθ

2
 and  sinθ = eiθ - e-iθ

2 i
.

There is a similar set of functions for “hyperbolic trigonometry.” The defining fact about the new 
functions cosh (pronounced like it sounds) and sinh (pronounced like “cinch”), is that they locate x and 
y coordinates on the unit hyperbola, x2 - y2 = 1, so we must have cosh2 α - sinh2 α = 1.

(a) Show that coshα ≡ eα + e-α

2
 and  sinhα ≡ eα - e-α

2
 satisfy cosh2 α - sinh2 α = 1.

(b) For the ordinary trig functions, the derivatives are d
dθ

cosθ = -sinθ and d
dθ

sinθ = cosθ. What are the 

corresponding derivatives for the hyperbolic trig functions?

(c) With ordinary trig functions we define tanθ ≡ sinθ
cosθ

 and secθ ≡ 1
cosθ

. We can use chain rule and the trig 

derivatives mentioned in (b) to get d
dθ

tanθ = sec2 θ. For hyperbolic trig functions, we define 

tanhα ≡ sinhα
coshα

 and sechα ≡ 1
coshα

. What is d
dα

tanhα?

(d) Derive an expression for cosh(α1 +α2) that is a lot like cos(θ1 +θ2) = cosθ1 cosθ2 - sinθ1 sinθ2.

4. Classical Interference of Four Radiators

Do Feynman Problem 21.7, reproduced below. To discover the maximum, you may have to take d
da

 and 
d
db

 of your expression for the intensity, set both those derivatives to 0, and solve the two resulting 

equations in two unknowns. Don’t take my word for it though. That’s just how I would likely start.
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5. Double Slit Experiment with Different-Sized Slits

Do Feynman Problem 70.8, reproduced below.

Since we don’t do the unequal-sized slit very often, I will remind you that

P(θ) = A1
2 + A2

2 + 2 A1 A2 cosΔϕ

and Feynman is just asking you to make some statements about this function for the case A2 =
1

10
A1, 

and for Δϕ of 0 at a maximum, or π at a minimum.

6. Brown and Twiss Intensity Correlation (EXTRA CREDIT MAX 2)

Do Feynman Problem 70.9. The diagram is below and the problem statement is on the next page.
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Name ___________________
1.         / 4

2.         / 4

3.         / 4

4.         / 4 <==== MOVED TO PROBLEM SET 7

5.         / 3

6.         / EXTRA CREDIT MAX 2 <==== ALSO MOVED TO PROBLEM SET 7

GRAND TOTAL

            / 15 MAX
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