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Problem 1

The reduced cubic equation y3 + 3py+ 2q = 0 has one real and two complex
solutions when D = q2p3 > 0. These are given by Cardanos formula as

y1 = u+ v, y2 = −u+ v

2
+
i

2

√
3(u− v), y3 = −u+ v

2
− i

2

√
3(u− v)

where

u = 3

√
−q +

√
q2 + p3, v = 3

√
−q −

√
q2 + p3.

Problem 2

Each of the measurements x1 < x2 · · · < xr, occurs p1, p2, ..., pr times. The
mean value and standard deviation are then

x =
1

n

r∑
i=1

pixi, s =

√
1

n

r∑
i=1

pi(x1 − x)2

where n = p1 + p2 + · · ·+ pr.

Problem 3
Although this equation looks very complicated, it should not present any
great difficulties:∫ √

(ax+ b)3

x
dx =

2
√

(ax+ b)3

3
+ 2b
√
ax+ b+ b2

∫
dx

x
√
ax+ b

.

The same applies to

∫ 8

1

(
dx
3
√
x

)
=

3

2
(82/3 + 12/3) =

15

2
.

Problem 4

The gamma function Γ(x) is defined as

Γ(x) = lim
n→∞

n−1∏
i=1

n!nx−1

x+ v
≡
∫ ∞
0

e−ttx−1dt.

The integral definition is valid only for x > 0 (2nd Euler integral).
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Problem 5
The total number of permutations of n elements taken m at a time (symbol
pmn ) is

pmn =
m−1∏
i=0

(n− i) = n(n− 1)(n− 2) · · · (n−m+ 1)︸ ︷︷ ︸
total of m factors

=
n!

(n−m)!
.

Problem 6

Mβ(τ0, ψ0) =
2C4β̃
3C1

+
2πC3η̃ω̃2

C21

[
sin(ω̃τ0 + ψ0)

sinh[πω̃(2C1)]
+ η̃

sin(2ω̃τ0 + ψ0)

sinh[πω̃(C1)]

]
.

Problem 7

∑ψ0 = {(θ, ϕ, ψ) ∈ R× R× S1|ψ = ψ0}.

Problem 8
For integers m,n with n ≥ 4 even, and 2 ≤ m < n, the expansion factor of
SKm,n is given by

ε(SKm,n) =


n
2m if 2 ≤ m < n

4
2 if n

4 ≤ m < n
2

3n−2−2m
n if n

2 ≤ m < 3n
4

1 + 2
nb

n−2
4 c if 3n

4 ≤ m < n.
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