(i) As described in the hint, we take

Since , we have

The geometric implication of this expression is very obvious:  is a unit vector pointing in the direction of , and  is another unit vector, thus no matter what direction has, their sum must have a positive component in the  direction (the component is zero if and only if the two vectors are opposite of each other, requiring ). Rigorously speaking, we use the Cauchy-Schwartz inequality as follows

Since  is always true, we need to show

which is 

which is exactly the Cauchy-Schwartz inequality since  and the equal sign cannot be reached since .

Next we show that equation (1) is true. If we let

We have , and 

Notice that 


Thus, there exist a neighborhood  such that  is always true.

(ii) We expand directly to get

Similarly we have





