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Question 1

Is the function f: R — R defined by
Ff(x) = x3, ¥x € R a homeomorphism
from R to R?

Question 2
What is the tangent vector to the curve

y(t) = (2 +t,t,t2) in R3at the point
(1,1,1)?

Question 3

If (x1, ..., x) is a local coordinate
system in a neighbourhood U of p in the
manifold M, then find the standard
basis of the tangent space T, M.

Question 4
Find the integral curve y(t) of the

vector field 4, in RZ.
dx

Question 5
For two smooth functions f: M —
Nand g:N = K,
which of the followings is true?
L igef ) =ifteg
2 (gef)y =g <f"
3 (gef) =fegiof’

Question 6
If (x1, ..., x) is a local coordinate

system in a neighbourhood U of p in the
manifold M, then find the standard
basis of the dual tangent space T, M.

Question 7

Compute the following
(2dx + dy) A (dx — dy)

Question 8



What is the dimension of the following
manifold?
{(x,y,2) e R:x2 +y2 + 22 =1}

Question 9
Which of the following
condition is satisfied by linear
connection ¥V on M?

L Vgl =V T

2. V¥ =Vi7¥

3. V¥ =V X

Question 10
“Every Riemannain metric admits a unique Riemannian connection’- is this statement true or

false?

Question 11
Which of the following expression is/
are true for Riemannian curvature
tensor?
1. R(X,Y)Z+R(Y,2)X
+R(Z,X)Y =0
2. R(X,Y)Z+R(ZX)Y=0
3. R(X,Y)Z+R(Y,Z2)X+
R(Z,X)Y =1

Question 12
What is the scalar curvature of the Euclidean Space?

Question 13

Which of the following expression is/
are true for Riemannian curvature
tensor field ?
1.R(X,Y,Z,W) = —R(Y,X,Z,W)
2. R(X.Y,Z,W)=R(Y.X,Z,W)
3. .R(X,Y,Z,W)=R(Y.Z,Z,W)
4. R(X,Y,Z,W) =
—R(X,X,Z,W)

Question 14

If w is a 1-form, then which of the

followings is true?
l.aw A =1
2whw=10
J.whw=-1



Question 15
What is the dimension of the tangent

space of the manifold
M={(x,y) €R%:y >0}?

Question 16

Let 51 is the unit circle in the Euclidean
plane RZ. Does there exist a
diffeomarphism between S and R%?

Question 17

Let f be a constant function in M and
X € T,Mforp € M. Find the value of

X, f.

Question 18

Let{xy, ..., x,,) be a local coordinate
system in a neighbourhood U of p in the
manifold M.Are the following vectors

AR Gy
ﬂxl .p‘ll"‘l ﬂxn_l =

linearly dependentorindependentin
the tangent space T, M 7

Question 19
Let X,Y, Z be vector fieldsin M and f, g

be smooth functions in M. Which of the
following is/are true?
i) [fXYl=fIx, Y] - (YPX
(ii) [X,fX]=0
(iii) X, fX] = X)X

Question 20
For two smooth functions f: M —

N and g:N - K,

which of the following is true?
1. (gof)=g.°Ff

2 (@ef)=g-°f

3. Kgafi=0 =g



Question 21

Let X be any vector field on unit sphere
52, Which of the followings is/are true?
(i) X is complete in 52
(ii) X is not complete in 52
(i) X is notcomplete in§Z but
complete in §% — {p} for
some pointp € 52

Question 22

Let {wy, ..., W} be a set of 1-forms with
Wy A ... Ay # 0. Which of the
following is/are true?

(i) {wq, ..., w } is linearly
dependent

(ii) {w,, ..., Wy} is linearly
independent

(iii) {wq, ..., w;} is linearly

dependent for some [ < k.

Question 23
Let w and A be k-form and I-form

respectively and f be smooth function
on M. Calculate
d2(fw A L)

Question 24

Which of the following is/are lie groups?
(i) GL(n,R)
(ii) {A € GL(n,R):det(4) = 1}
(iii) R™

Question 25

When is a linear connection said to be symmetric?

Question 26
What is the degree of the Riemannian curvature tensor field of 1st kind?

Question 27
What is the curvature of 3-dimensional Einstein manifold?

Question 28

Whatis the dimension of the tangent
space Ty (GL(n,R)), where [ is the
identity matrix?



Question 29
If w and p are 1-forms, then which of

the following is true?
lw Auy=—uAw
2.(wAw)Au=0
.unu=-1

Question 30

Doesthe following setforma
manifold?
M={{x,0):xeRlu{(0y):vyER]



