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ALGEBRAIC TOPOLOGY 

                                                                SECTION – A             ( 10 X 1 = 10 MARKS ) 

ANSWER ALL THE QUESTIONS. 

MULTIPLE CHOICE QUESTIONS.                                            K1 

 

1. If 𝑘 ∶  𝑋 → 𝑌  is continuous map and if 𝑓 and 𝑔 are paths in X with 𝑓(1)  =
 𝑔(0), 𝑡ℎ𝑒𝑛 𝑘 ∘ (𝑓 ∗ 𝑔) =  ________ 
𝑎. (𝑘 ∘ 𝑓) ∗ (𝑘 ∘ 𝑔)         b. (𝑘 ∗ 𝑓) ∘ (𝑘 ∗ 𝑔)          c. 𝑘 ∘ 𝑓            d. 𝑘 ∘ 𝑔 

 

2. Let 𝑝 ∶  𝐸 → 𝐵 be a map. If f is a continuous mapping of some space X into B, lifting of  𝑓  

is a map  𝑓 ∶  𝑋 → 𝐸 such that 𝑝 ∘ 𝑓 =  ________ 

𝑎. 𝑓                              b.   f                       c. p                             d. 0 

3. If  𝑓 ∶  𝐵2 → 𝐵2 is continuous, then there exists a point 𝑥 ∈ 𝐵2such that 𝑓(𝑥)  =  ____ 

             a.   𝑥2                        b. –x                       c. x                             d. 
1

𝑥
 

4. If 𝑓 ∶  𝐾 →  𝐿 is a simplical map, then a simplical map 𝑠𝑑𝑓 ∶  𝑠𝑑 𝐾 → 𝑠𝑑 𝐿 is defined as 

(𝑠𝑑 𝑓) (𝐹̃)  =  _________ 

             a. 𝑓(𝐹)                       b. 𝑓(𝐹)̃                    c. 𝑓(𝐹)                  d.   𝑓(𝐹̃) 

5. Two cycles representing the same homology class are said to be ______. 

a) a.  Homologous     b. Homology           c. Chain                d. Complex  

ANSWER THE FOLLOWING IN ONE OR TWO SENTENCES. K2 

6. Define nullhomotopic. 

7. Define covering map. 

8. Define homology equivalences. 

9. Define simplical complex. 

10. Define chain complex. 

                                                               SECTION –B     (𝟓 × 𝟒 =  𝟐𝟎 𝑴𝑨𝑹𝑲𝑺) 

ANSWER EITHER (a) OR (b) IN EACH OF THE FOLLOWING QUESTIONS.    K3 

      11.a.    Prove that the map 𝛼̂ is a group isomorphism. 

                                                            (OR) 

          b.     Prove that in a simply connected space X, any two paths having the same initial and              

                  final points are path homotopic. 

         (CONTD……2) 
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         12. a.     If 𝑝 ∶  𝐸 → 𝐵 and 𝑝′ ∶  𝐸′ → 𝐵′ are covering maps, then prove that 

                        𝑝 × 𝑝 ∶  𝐸 × 𝐸′ →  𝐵 × 𝐵′ is a covering map. 

(OR) 

  b.      Let 𝑝 ∶  𝐸 → 𝑩 be a covering map; 𝑝(𝑒0)  =  𝑏0. If E is path connected, Prove that  

           the lifting correspondence 𝜙 ∶  𝜋1(𝐵, 𝑏0)  →  𝑝
−1(𝑏0) is sujective. 

13.a.    If A is a retract of X, show that the homomorphism of fundamental groups  

            included by inclusion 𝑗 ∶  𝐴 → 𝑋 is injective. 

(OR) 

                b.   Let 𝑓 ∶  𝑋 → 𝑌 be continuous ; 𝑓(𝑥0)  =  𝑦0. If f is a homotopy equivalence,  

                      prove that 𝑓𝑥 ∶  𝜋1(𝑋, 𝑥0)  → 𝜋1(𝑌, 𝑦0) is an isomorphism. 

           14.a.    Prove that any triangulation (𝑘, 𝑓) of a topological space X defines a regular CW- 

                       structure on X such that the 𝑛𝑡ℎ − 𝑠𝑘𝑒𝑙𝑒𝑡𝑜𝑛 is given by 𝑋(ℎ) =  𝑓(|𝑘(𝑛)|), 𝑛 ≥ 0. 
(OR) 

   b.      Prove that every map 𝑓 ∶  𝑆𝑛 → 𝑆𝑛+𝑘, 𝑘 ≥ 1 is null homotopic. 

    15.a.     Prove that the composition ∆𝑛(𝑋)  
𝜕𝑛
→ ∆𝑛−1(𝑋)  

𝜕𝑛−1
→  ∆𝑛−2(𝑋) is zero. 

                                                               (OR) 

   b.     If X is a point, then show that 𝐻0(𝑋)  ≈ 𝑧. 

                                                          SECTION - C    (4 X 10 = 40 MARKS) 

ANSWER ANY FOUR OUT OF SIX QUESTIONS.  

      (16th QUESTION IS COMPULSORY AND ANSWER ANY THREE QUESTIONS. 

(FROM Qn. No : 17 to 21)      (K4 (Or) K5)  

16.    Prove that the map 𝑝: 𝑅 → 𝑆′ given by the equation 𝑝(𝑥) = (𝑐𝑜𝑠2𝜋𝑥, 𝑠𝑖𝑛2𝜋𝑥) is a  

         covering map. 

17.   Prove that the relations ≃  𝑎𝑛𝑑 ≃𝑝 are equivalence relations. 

18.    Let 𝑝 ∶  𝐸 → 𝐵 be a covering map, and 𝑝(𝑒0) = 𝑏0.  Prove that any path 𝑓: [0,1] → 𝐵,  

          beginning at 𝑏0 has a unique lifting to a path 𝑓 in E beginning at 𝑒0. 

      19.    State and prove the fundamental theorem of algebra. 

20.    Let k be a finite simplical complex and d is a linear metric on|𝑘|. Prove that d is linear  

         metric on |𝑠𝑑 𝑘|  =  |𝑘| and for any 𝐹′ ∈  𝑠𝑑 𝑘  such that 𝐹′ ⊂ |𝐹|, where 𝐹 ∈ 𝑘 is a q- 

        simplex, the inequality of the diameters:𝑑𝑖𝑎𝑚 |𝐹′|  ≤  
𝑞

𝑞+1
 𝑑𝑖𝑎𝑚 |𝐹| holds. 

 

21.   If two maps 𝑓, 𝑔 ∶  𝑋 → 𝑌 are homotopic, then prove that they induce the same  

        homomorphism 𝑓𝑥  =  𝑔𝑥 ∶  𝐻𝑛(𝑋)  → 𝐻𝑛(𝑌). 
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