Math 370 HW#5, due Friday 2/20/26 NAME:

See the textbook for precise statements/additional details of the problems.
1. Exercise 1.5.1

(a) Suppose that A : R¥ — R" is a linear map and V is a vector subspace of R™. Check that
A MV is equivalent to A(R*) +V = R™.
(b) If V and W are linear subspaces of R, check that V' i W is equivalent to V + W = R™

2. Exercise 1.5.4
Let X and Z be transversal submanifolds of Y. Prove that if y € X N Z then

T, XNZ)=T,XNT,Z.
i.e. the tangent space to the intersection is the intersection of the tangent spaces.
Set up and Guided Hint: First, observe that for V .C'Y open such that
XNV=¢g%0) and ZnV=h10),
g=(g1, ) V=R and h=(hy,...,h):V >R
then (XNZ)NV = f40),
where  f=(gxh)oA:V R and AV VXV, v (v,0)

(Why is this true?)

Neat, compute df, : T,Y — R¥ by remembering HW 3 #2, 1.2.9 (d).
Finally, observe
ker df, = ker dg, N ker dh,,

and use an associated Proposition in §1.4 to finish your proof.

3. Exercise 1.5.8
For which values of R does the hyperboloid defined by 22 + 3% — 22 = 1 intersect the sphere
2% + y? + 2% = R transversely? Sketch what the intersection looks like for different values of
R and describe with a sentence or two.

4. Let F': R? — R3 be the map defined by
F(z,y) = (¢Y cosz, e’ sinz, e V).

(a) For which positive numbers 7 is F' transverse to the 2-sphere of radius r, S,(0) C R3?
(b) For which positive numbers r is F71(S,(0)) an embedded submanifold of R??

Assignment Reflections
How difficult was this assignment? How many hours did you spend on it? Which problems
did you find helpful?



