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Exercise 14 (Tangent and normal cone to the feasible set)

Let the feasible set F be given by

F = {x ∈ lRn | h(x) = 0} ,

where h : lRn → lR is smooth.
Prove that for x ∈ F with ∇h(x) 6= 0 the tangent and the normal cone to F at
x are given by

TF(x) = Ker(∇h(x)T ) , NF(x) = Im(∇h(x)T ) ,

where Ker and Im refer to the kernel and range, respectively.
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Exercise 15 (Tangent and normal cone to the feasible set)

Consider the ’ice-cream cone’

F := {x ∈ lR3 | x3 ≥ 2
√

x2
1 + x2

2} .

At x0 = (0, 0, 0)T the tangent cone TF(x0) coincides with the feasible set F . Show
that the normal cone is given by

NF(x0) = {v ∈ lR3 | v3 ≤ −1

2

√
v2

1 + v2
2} .
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Exercise 16 (Limiting directions and the tangent cone)

Given x∗ ∈ F := {x ∈ lRn | hi(x) = 0, 1 ≤ i ≤ m, gi(x) ≤ 0, 1 ≤ i ≤ p}, the set

F1 := { αd | α ≥ 0 ,
∇hi(x

∗)T d = 0 , 1 ≤ i ≤ m ,
∇gi(x

∗)T d ≤ 0 , i ∈ Iac(x
∗)

}

is a cone. Prove: If LICQ is satisfied, F1 is the tangent cone to the feasible set F
at x∗.
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Delivery of the homework at latest on Oct. 18, 2006, 04:00 pm. The ho-
mework may be submitted either electronically (rohop@math.uh.edu)
or as a hardcopy in class


