Junior Research Fellowship in Geology, 2014

The candidates for Junior Research Fellowship in Geology will have to take two tests:
Test GEA (forenoon session) and Test GEB (afternoon session).

Syllabus (GEA)

Part - 1
Algebra: Properties of real numbers. Geometry of complex variables. DeMoiver’s
theorem. Algebra of matrices. Rank & inverse of a matrix. Determinants. Solution of
linear equations. Orthogonal & unitiary matrices. Eigenvalues & eigenvectors of a
matrix.

Calculus: Sequence & series. Taylor series. Limit & continuity. Derivatives. Integration
of functions of one variable. Definite integrals. Functions of several variables. Partial
derivatives. Maxima & minima. Ordinary linear differential equations. Elementary linear
partial differential equations. Heat conduction equations.

Co-ordinate Geometry: Straight line. Conic sections. Elementary 3-D co-ordinate
geometry.

Part - 11

Geomathematics and Geostatistics: Analysis of orientation and time-series data, Mohr’s
Circle of stress and strain, Geological Strain Analysis, Rheology of materials, Heat flow
within the Earth, Flow through porous media, Thermodynamic Principles, Stereographic
Projection of geological data.

Applications of elementary probability theory, Measures of central tendency, Dispersion,
Binomial-Poisson-Normal distributions, Student’s T test, ANOVA models, Snedecor’s F
test, Correlation & regression.
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Sample guestions

BOOKLET No. TEST CODE: GEA
Forenoon Time: 2 hours
Part I-ten questions 10X4=40
Part Il - ten questions 10X6=60
Total 100

Give your answers in the answer booklet only.

Write your Name, Registration Number, Test Centre, Test Code and the
Number of this booklet in the appropriate places on the answer sheet.

STAPLE/ATTACH QUESTION BOOKLET WITH THE ANSWER BOOKLET. ALL
ROUGH WORK MUST BE DONE ON THE QUESTION BOOKLET AND /OR ON THE
ANSWER BOOKLET. YOU ARE NOT ALLOWED TO USE CALCULATOR.

WAIT FOR THE SIGNAL TO START WRITING



Part-I|
Select the right answer from the given alternatives for each of the following questions.
10x4=40

1. The locus of the middle points of all chords of the parabola y? = 8x, which pass through the
point (1,-2) is
(@) y2+2y=4(x—1)
(b) x2+2x=4(y—1)
(c) x2+4y=2(y—1)
(d) None of these
a-ib) .

2. The value of tan {i logm} is
(a)

(5
© S

(d) None of these

2ab
aZ_bZ

2ab
a?+b?

)tanx

3. lim(sinx is equal to

(@) 1
(b) O
(c) 2
(d) None of these

4. Iftany = % ,Sinx = % , then %is
(@) 1
(b) 2
(c) 3
(d) None of these

5 Ify=a(l—cosf),x =a(f —sinB),y being regarded as a function of x, the function is
maximum at

(a) 0=m
(b) =0
(c) 6 =§
(d) None of these

xsinx
1+cos2x

6. Theintegral fon
(a)
(b)

dx is equal to

N[ e



(c) %

(d) None of these

7. The solution of the differential equation
@y _2
dx + x y
is
1
(a) v cx —xlogx
(b) x +y =cxy
(c) logxy+(x—y)=c
(d) None of these

8. The inverse of the matrix

1 0 -1
A=13 4 5]
0 -6 -7
is
1 8 1
10 s
21 7 -2
@ 1% 2 =
=RCIY
10 10 5
1 8 0
(b) [0 4 —6]
-1 5 -7
2 6 4
() | 21 -7 —8]
[—-18 6 4

(d) None of these

9. The characteristic roots and the corresponding characteristic vectors of the matrix

8 -6 2
-7
8 —4 3
are

(@ o1 2 2);3,(2 1 =-2);15,2 2 1)
(by 1,2 3 3);2,(10 3 -3);8,33 3 2)
(c) 4,3 2 2);5,4 2 -—-6);10,(1 2 2)
(d) None of these

10. The values of 8 for which the equations
x+y+z=1
x+2y+4z=20
x+4y + 10z = 62

are consistent and the corresponding solutions are

(a) 1,x=-1,y=3,2=-1;2,x=-2,y=4,2=-1
(b) 3,x=1, y=2,2z=-2



(c) 4,x=2,y=3,2=-4
(d) None of these



Part-ll

(Ten questions, six marks each)

11. Consider the layered formation shown in the figure below. Each layer (1, 2, 3, 4, =, n) is
homogeneous and isotropic with hydraulic conductivity values K, K3, K3, Ka, -, Kn, but the system as
a whole will acts like a single homogeneous, anisotropic layer. Now consider flow perpendicular and
parallel to the layering. Assume flux Q entering and leaving the system is constant throughout (Q =
KA(dh/dl)).

dy. K,

d Ky

dy. K, Flow
direction

d. K

M > > o o A
o
=

Then the vertical and horizontal hydraulic conductivity ( KZ and KX respectively) of the layered
formation will be

i) K, =— a andK, ==
2K |
i) K, = i and K, :Zn:diKI
i=1 Ki i=1
d 2K
i) K, =— - and K, :%
2,
d Zn:diKi
iv) K, =— a and K, == 5

12. A coal seam is encountered at boreholes A, B and C at depths of 100m, 200m and 200m
respectively. Boreholes B and C are located 100m to the East and 100m to the North respectively of
A. The strike and dip of the coal seam is best given by:

i) 130, 40° NE
ii) 135, 45°NE
iii) 120, 45° NE
iv) 135, 55° NE.



13. Following table provides the chemical compositions of ten analyzed mineral grains as oxide
weight percent with an analytical error of + 2 %.

Analysis
# Na,0  MgO Si0, AlL,O, K,0 Ca0 TiO, Cr,03 MnO FeO P,0s Total
1 0.21 0.03 63.64 1861 16.54 0.02 0.09 0.07 0.04 0.08 0 99.32
2 0.18  0.02 63.4 1832 1748 0 0 0 0 0.07 0 99.46
3 0.09 0 64.36 18.6 17.41 0 0.14 0 0 0 0 100.61
4 0.12 0.02 6371 18.18 16.96 0 0.01 0.04 0 0.26 0 99.31
5 0.07  0.05 0.31 0 0.06 56.63 0 0 0 0.79 4239 100.3
6 0.03  0.07 0.27 0.02 0.04 55.87 0 0 0.15 071 42.23 99.37
7 033 0.08 6256 19.44 16.61 0 0.07 0 0 0.27 0 99.37
8 0.18 0 64.5 18.58  16.85 0 0.06 0.01 0.05 0.1 0.02 100.36
9 0.18 0.16 63.64 1866 16.93 0 0.06 0 0 0.44 0 100.08
10 0.03 0 99.49 0.17 0.02 0 0 0 0.07  0.04 0 99.81

One of the mineral species is feldspar. Which of the following equations would give the best
estimate of average value of K,0 in feldspar?

N

14. A systematist is exploring a planet in another solar system and discovers the following four
different species, A, B, Cand D.
The character matrix generated is as follows with ‘0’ as primitive and ‘1’ as derived character states

Character

1. “Feet” present
2. Spines present
3. Eyes on stalks

4. "Tail" present

O 0o oo o>
OO r Pr O
oOrRr Rr OO N

D
0
0
1
1
1

5. Antennae present

Cladogram drawn on this would group



i) C and D first
i) A and C first
iii) B and C first
iv) A and D first

15. Carefully study the figure given below. If the densities of the mantle (pm), crust (pc) and water
(pw) are assumed to be 3,300 kg m™, 2,750 kg m™ and 1000 kg m~ respectively then the correct
relationship between by, h; and by, hyis:

Topographic high

Ih 1
| .sealevel .
Pw ¥y hy

Crust

C Pc
b2

Pm Mantle

i) b1=5h1 and, b2=3.2hw

II) b1=2.5h1 and, b2=2.3hw
III) b1=0.5h1 and, b2=0.32hw
iV) b1=50h1 and, b2=32hw

16. A person had measured the length of long axis of 20 pebbles and had found the mean length to
be 2.4cm. He tabulated his observations as follows:

Length range in cm Number of observations
0.0-1.0 2
1.0-2.0 X
2.0-3.0 8
3.0-4.0 y
4.0-5.0 2

The number of observations noted for the two class means (i.e., x and y) were smudged beyond
legibility as his note book fell into the river. If the table is reconstructed then these missing values
will be:

i) x=5andy=3
ii) x=4andy=4
iii) x=3 andy=5
iv) x=6andy=2



17. What type of equation best represents the relationship between the variables plotted along X

and Y axes in the plot given below?

i)
i)
iv)

Linear

Exponential
Polynomial (order 2)
No relationship

18. A 2D circular marker on a rock body has been deformed to become an ellipse having 32 cm and 8

cm as major and minor axes. Assuming volume constant homogeneous rock deformation the radius

of the original undeformed marker is.

i)
iii)
iv)

10cm
25cm
16 cm
2.5cm

19. A bed striking N-S and dipping at an angle 45 degrees to the west has been displaced by a vertical

fault striking E-W. If on a horizontal outcrop the amount of displacement of the bed is 500 meters,

assuming pure dip-slip movement, the amount of slip is:

i)

i)
i)
iv)

200m
300m
400m
500m

20. In a cross-bedded sandstone the axes of trough cross strata are oriented towards 355°, 350°,

005°, 285°, 075°

i) 90°
ii) 180°
iii) 0°
iv) 235°

,010°, and 0°. The mean paleocurrent direction is approximately towards:






