
Math4230 Exercise 2 Solution

1. (a) We may assume λ2 > 0 (λ2 > 0 is easy). Let x ∈ C. Since 0 ∈ C,
λ1
λ2
x = λ1

λ2
x+ λ2−λ1

λ2
0 ∈ C.

Then λ1x = λ2(
λ1
λ2
x) ∈ λ2C.

(b) We may assume α+ β > 0 (α+ β = 0 is easy). Then

αx+ βy = (α+ β)(
α

α+ β
x+

β

α+ β
y)

2. Suppose
∑m

i=1 λixi + λx = 0 and
∑m

i=1 λi + λ = 0.
Suppose λ 6= 0. Then

−
m∑
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= 1

So x = −
∑m

i=1
λi
λ xi ∈ aff({x1, ..., xm}), which is a contradiction.

Hence λ = 0. Then λi = 0 since x1, ..., xm are affinely independent.
Therefore, x1, ..., xm, x are affinely independent.

3. Since {x0, ..., xm} ⊂ ∆m ⊆ C, aff({x0, ..., xm}) ⊆ aff(∆m) ⊆aff(C).
Since x0, ..., xm are affinely independent, dim{x0, ..., xm} = m = dim(C).
Then aff({x0, ..., xm}) =aff(C) by dimension argument.
Hence, aff({x0, ..., xm}) = aff(∆m)= aff(C)

4. (a) Suppose f(x), f(y) ≤ a. Let λ ∈ [0, 1]. Then

f(λx+ (1− λ)y) ≤ λf(x) + (1− λ)f(y) ≤ λa+ (1− λ)a = a.

Hence λx+(1−λ)y ∈ {x ∈ Rn|f(x) ≤ a} and the level set is convex.
(b) No. Consider f(x) = x2. C = (1, 2).
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