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Q1. (Proper Triad and Summation of Maps) Let (𝑋;𝑋1, 𝑋2) be a proper triad with 𝑋 = 𝑋1 ∪𝑋2, and set 

𝐴 ≔ 𝑋1 ∩𝑋2. Let 𝑓, 𝑓1, 𝑓2 : (𝑋,𝐴) → (𝑌 ,𝐵) be maps such that

𝑓1|𝑋1
= 𝑓|𝑋1

, 𝑓1(𝑋2) ⊂ 𝐵 𝑓2|𝑋2
= 𝑓|𝑋2

, 𝑓2(𝑋1) ⊂ 𝐵.

Show that 𝑓⋆ = 𝑓1⋆ + 𝑓2⋆.

Hint : Consider the space-level diagram

𝜄1

𝑘2 𝑗2

𝜄2

𝑘1𝑗1

𝑓 𝑓1𝑓2

𝑓 ′1 𝑓 ′2

(𝑋,𝐴)

(𝑋1, 𝐴)

(𝑋,𝑋2)

(𝑋2, 𝐴)

(𝑋,𝑋1)

(𝑌 ,𝐵)
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Q2. Let (𝑋;𝑋1, 𝑋2) be a proper triad. Verify that (𝑋1 ∪𝑋2; 𝑋1, 𝑋2) is again a proper triad. Show that the 

diagram

𝜕

𝜕1 𝜕2

Δ

𝐻𝑛+1(𝑋,𝑋1 ∪𝑋2) 𝐻𝑛(𝑋1, 𝑋1 ∩𝑋2)

𝐻𝑛(𝑋1 ∪𝑋2) 𝐻𝑛−1(𝑋1 ∩𝑋2)

commutes, where 𝜕 is the boundary map of the long exact sequence of the triad (𝑋;𝑋1, 𝑋2), and Δ is the 

boundary map of the Mayer-Vietoris sequence of (𝑋1 ∪𝑋2; 𝑋1, 𝑋2). The boundary maps 𝜕𝑖 are from the 

long exact sequence of the corresponding pairs. 3 + 7 = 10

Q3. Let (𝑋;𝑋1, 𝑋2) be a proper triad. Consider the diagram

𝜕1

𝜕2 𝜕

𝜕

𝐻𝑛+1(𝑋,𝑋1 ∪𝑋2) 𝐻𝑛(𝑋1, 𝑋1 ∩𝑋2)

𝐻𝑛(𝑋2, 𝑋1 ∩𝑋2) 𝐻𝑛−2(𝑋1 ∩𝑋2)

where 𝜕𝑖 are the boundary maps of the corresponding triad, and the two 𝜕’s are the boundary maps of the 

corresponding pairs. Show that the diagram anticommutes, i.e, show that 𝜕 ∘ 𝜕1 + 𝜕 ∘ 𝜕2 = 0. 10

Q4. Prove the relative Mayer-Vietoris sequence. 10
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