
Problem Set 1 

Please complete and submit any ONE of the following problems. The deadline for 
submission is May 3, 2025 by 11:59 PM. Upload your submission here with the filename 
“ASP1-[Surname]”. Either typeset your solution using LaTeX or submit a clear PDF scan of 
your handwritten work. Clearly indicate which problem you are attempting to solve.  

1. Prove that if a transformation 𝐴: ℝ𝑛 → ℝ𝑛 preserves both the midpoints of line 
segments then A must be linear.  

2. Prove that any affine transformation 𝐴: 𝑋 → 𝑌 maps flats to flats. That is, if 𝐹 is a flat 
in 𝑋, then 𝐴(𝐹) is a flat 𝑌.  

3. Let 𝐴 be an affine space with direction space 𝑉. Prove that if 𝑝1, … , 𝑝𝑛 are points in 
𝐴, and if 𝑐1, … , 𝑐𝑛 are scalars such that ∑ 𝑐𝑖 = 1, then ∑ 𝑐𝑖 𝑝𝑖 is a vector in 𝑉. 

4. Consider an affine transformation 𝐴(𝑥) = 𝑇(𝑥) + 𝑏 where 𝑇 is linear and 𝑏 is a fixed 
vector. Prove that if 𝐴 preserves parallelism of lines, then 𝑇 must be invertible.  

5. Let 𝐴 and 𝐵 be two affine spaces with direction spaces 𝑉 and 𝑊, respectively. Prove 
that if 𝑓: 𝐴 → 𝐵 is a bijection that maps affine combinations to affine combinations 
(i.e., 𝑓(∑ 𝑐𝑖 𝑝𝑖) = ∑ 𝑐𝑖 𝑓(𝑝𝑖)) then 𝑓 must be an affine transformation.  


