Homework 1 - Spring 2020 MATH 126-001 - Introduction to PDEs

1. Show that there exists a continuous function that does not map open sets to
open sets.

2. Show that there exists a continuous function that does not map simply con-
nected sets to simply connected sets.

3. Let

(a) Is the set R?\I open or closed?
(b) Is the set R*\J open or closed?

4. The velocity of a particle with respect to position is given by

v(x) = ze®.
Find the acceleration function with respect to position.
5. Let f:R? — R where f € C*(R?). Let s(a,3) = a + Bt and suppose

G(a,b,c,d) = f(s(a,b),s(c,d)).

Show that G satisfies the partial differential equation
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6. Suppose y € C?((0,00)) is a solution of the differential equation
y" (1) + aty'(t) + y(t) = 0.
Let x = In(t) and express the differential equation of y(¢) with respect to x.
7. Determine if the system

u(w,y,z) =+ ayz

v(z,y,2) =y +xy
w(z,y,2) = 2+ 2z + 32°

can be solved for z,y, z in terms of (u,v,w) near (z,y,z) = (0,0,0).



8. Define F : R? — R? by

F(z,y) = (€® cos(y), e* sin(y)) .

(a) Show that F € C! and that dF(z,y) is invertible for all (z,y) € R

(b) Is F one to one on all of R?? Is there a contradiction with the Inverse
Function Theorem?

9. Consider the function

(a) Show f’ exists for all x € R.
(b) Show f’(0) > 0.

(c) Can the hypothesis that f € C' be weakened in the Inverse Function
Theorem?
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