The duly constituted committee
considered all the objections received
and after detailed deliberations has
arrived at the Final Answer Key-IAT 2024
as given below.

Note: “Option (a)” is the correct

answer for all the questions in all
the subjects



Biology

1. Question 1

What will be the sequence of RNA synthesized using the following DNA
template strand?

5-GTCTAGGCTTCTC-3

5-GAGAAGCCUAGAC-3’
5'-GUCUAGGCUUCUC-3’
5-CAGAUCCGAAGAG-3

5-CUCUUCGGAUCUG-3



2. Question 2

The following pedigree diagram shows the inheritance of a rare genetic
disorder (filled shapes depict affected individuals).
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Which of the following is the most likely pattern of inheritance of the
disorder?

X-linked dominant

X-linked recessive

Autosomal recessive

Autosomal dominant



3. Question 3

Match the list of conditions (Column I) with the list of affected physiological
processes (Column II).

Column | Column Il
Allergy i | Excess secretion of growth hormone
Q | Uremia i | Exaggerated immune response to

environmental substances

R | Myasthenia gravis iii | Autoimmune disorder affecting the
neuromuscular junction

S | Acromegaly iv | Malfunctioning of kidneys which can lead
to urea accumulation in the blood

Which of the following combinations is correct?

P - (ii); Q - (iv); R - (iii); S - (i)
(a)



4. Question 4

Which of the following proteins plays a direct role in muscle contraction?

Troponin
(a)

Insulin
(b)

Myoglobin

Trypsin

(d)



5. Question 5

Which of the following is NOT derived from the epidermal cell layer in
plants?

Casparian strip from rice root

(b) Trichomes from maize leaf

Subsidiary cells from rice leaf

Bulliform cells from grass



6. Question 6

Which of the following statements about meiosis in sexually reproducing
plants is INCORRECT?

The end products of meiosis II are haploid gametes.

(a)
The four products of meiosis are genetically different.

Meiotic recombination takes place in both males and females.

In most flowering plants, only one of the four products of meiosis survives
in females.



7. Question 7

Which of the following graphs represents the correct relationship between
light intensity (X-axis) and the rate of photosynthesis (Y-axis)?
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8. Question 8

Match the enzymes in Column I with the cellular compartments in Column
II.

Column | Column Il
Succinate )

P dehydrogenase | Cytoplasm
Pyruvate

Q dehydrogenase i | Inner mitochondrial membrane

Lactate

iii | Mitochondrial matrix
dehydrogenase

S ATP synthase iv | Thylakoid membrane

v | Inner chloroplast membrane

Which of the following combinations is correct?

P - (ii); Q - (ii); R - (i); S - (iv)

(a)
P-(iv); Q- (i); R - (iii); S - (ii
(b) (iv); Q - (i); R - (iii); S - (ii)
P (ifi); Q- (i) R- (i) S - (v)
(c)
(@) P - (iil); Q - (i); R - (iv); S - (ii)



9. Question 9

Two species of a flowering plant, P (2n = 20 chromosomes) and Q (2n = 30
chromosomes) are reciprocally crossed with each other as male or female as
shown below to produce F1 seeds.

.
QP[antF’ X (§ PlantQ QP[antQ)( S Plantp

F1 seeds F1 seeds
(R) (8)

Which of the following seed tissues from both the F1 seeds (R and S) will
have the same chromosome numbers?

Embryo
Endosperm
Embryo and seed coat

Embryo and endosperm
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10. Question 10

Which of the following is routinely performed to detect typhoid?

Widal test
(a)
ELISA
(b)
Gel electrophoresis
(c)
RT-PCR
(d)
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11. Question 11

Which of the following plasmid vectors can be used for cloning of a gene, with
restriction enzymes BamHI and EcoRI, and ampicillin-containing nutrient
agar for selection?

[Ori and Amp® represent origin of replication and gene for ampicillin
resistance, respectively.|

Amp® Plasmid vector

BamHl
EcoRI

Plasmid wector

EcoRI
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Amp*

Amp*®

Plasmid vector

EcoRl

Cri

Plasmid vector

EcoRl

13
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12. Question 12

Polymerase chain reaction (PCR) is used to amplify a gene of interest
(GOI). If, after 30 cycles of PCR, 1 billion copies of GOI are produced,
approximately how many copies of GOI were present at the end of the 20"

cycle?

(a) 1 million
(b) 0.66 billion
(c) 10 million
(d) 0.1 billion
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13. Question 13

A population with N = 400 individuals increases in numbers till it reaches an
asymptote at K = 500 individuals, K being the carrying capacity. Assuming
the intrinsic rate of natural increase (r) to be 0.01, what would be the
population growth rate (dN/dt)?

(a) 0.8

(b) 0.05

@
0.4
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14. Question 14

Which one of the following statements is correct?

Hemichordata is not considered as a chordate sub-phylum, and possesses a
proto-notochord called stomochord.

Hemichordata is a sub-phylum wunder Chordata and possesses a
proto-notochord called stomochord.

Hemichordata is a sub-phylum under Chordata and possesses a proper
notochord and gill slits like chordates.

Hemichordata is not considered as a chordate sub-phylum because it
possesses a water vascular system.

16



15. Question 15

Which of the following statements is correct about the oxygen (O2)
dissociation curves (A and C) relative to curve B?
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Curve A represents favourable Oy association with haemoglobin at low [H*].
Curve C represents favourable Og association with haemoglobin at low
pCOQ .

Curve A represents favourable Oy association with haemoglobin at low pH.

Curve C represents favourable Os association with haemoglobin at high

pOa.
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Chemistry

1. Question 1

If an element with Z = 120 is discovered, then which group of elements will
it belong to?

Alkaline earth metals
(a)

Alkali metals

(b)

Halogens
(c)

Noble gases
(d)



2. Question 2

Which one of the following statements is correct about Ny, CO, and NO*?
(a) These are isoelectronic and have identical bond order.
(b) These are isoelectronic and have different bond orders.

() These are not isoelectronic but have identical bond order.

(d) These are neither isoelectronic nor have identical bond order.



3. Question 3

Which of the following complexes exhibit(s) magnetic moment close to 2
Bohr Magneton?

[FG(H20)6](N03)2, KQ[MDCL;L K4[MH(CN)6], and [NI(CO)4]

Only K4[Mn(CN)g)
(b) Kg [MDCL;} and K4 [MH(CN)6]
[Fe(HQO)G}(NO:g)Q and KQ[MHCI4]

K4 [Mn(CN)g] and [Ni(CO)4]



4. Question 4

According to the VSEPR theory, what are the most stable shapes of XeF,
and SFy, respectively?

Square planar and see-saw

(b) Both see-saw

See-saw and square planar

Both square planar



5. Question 5

The following complex ions absorb in the ultraviolet-visible region of light.
Which one of these shows violet colour?
[CoCl(NH3)5]**, [Co(H20)(NH;)5]**, [Co(NH;z)6)**, and [Co(CN)g*~

[CoCl(NH3)5]**

(a)

(b) [CO(HQO)(NH3)5]3+
Co(NH;)g]?t+

o [Co0)]
Co CN63_

@ [0



6. Question 6
What is the relationship between the structures depicted below?

F H

H7 ~H F7 "H
H CH, HO H

OH CHj

(a) Conformational isomers
Structural isomers

(b)
Enantiomers

(c)

Positional isomers
(d)



7. Question 7

What is the correct order of acidity for the following compounds?
OH OH
OH CO,H ON NO,
NO, NO,
M N P Q
P>N>Q>M
P>Q>N>M

N>P>M>Q

N>P>Q>M



8. Question 8

What are the products N and Q in the following reaction sequences?

NSl CO, HCI
H4PO,, H,0 hyd. AIC

©/ 3PO,, Hy M anhyd I3 N
CcN SnCl,, HCI Hs0"

O e

COOH
N = OH Q=
(b)
OH

‘- cHO - CHO

()
COOH
N=Q= ©/

(d)



9. Question 9

What are X and Z in the following sequence of reactions?

HgSO,, dil. H,SO,, /\)OJ\
H,0 z .
X warm Y il NaOH, heat Ph CH,
X= H,C—=—H Z= PhCHO
(a)
X= H,C—==—CH, Z= PhCHO
(b)
X= Ph—=——H Z= CH,CHO
(c)
X= Ph—==—CH,  Z= CHsCHO
(d)



10. Question 10

What are the correct structural descriptions for M and N?

HO
HO
H O.H o 9"
OH H H HO
HO OH H OH
H OH OH H
M N

M is a-D-(+)-glucopyranose and N is 8-D-(—)-fructofuranose
M is -D-(+)-glucopyranose and N is S-D-(—)-fructofuranose
M is a-D-(+)-glucopyranose and N is a-D-(—)-fructofuranose

M is a-D-(+)-glucofuranose and N is 3-D-(—)-fructopyranose
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11. Question 11

Consider an exothermic reaction:
2A(s) — B(s) + C(g) + D(g)

The correct statement about the reaction is
spontaneous at all temperatures.
spontaneous only at very high temperatures.
spontaneous only at very low temperatures.

non-spontaneous at all temperatures.

11



12. Question 12

The minimum energy needed to remove an electron from a metal
corresponds to a wavelength of 500 nm. What is the total kinetic energy
of all the photoelectrons ejected per second when the entire radiation from
a 100 Watt bulb with a wavelength of 300 nm falls on the surface of the
metal?

Planck’s constant = 6.6 x 10734 J s; speed of light = 3 x 108 m s~*

40 J
(a)

2.6 x 10719 J
(b)

1.6 x 10719 J
(c)

80 J
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13. Question 13

For a reaction R — P with a rate constant of 3 x 1073 mol L~! s~!, which
one of the following plots is correct?

(Given [R]o is the initial concentration of R and [R] is the concentration of
R at time t)

[R]

v

[R]

v
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In[R] \
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14. Question 14

Which one of the following plots correctly describes the variation of osmotic
pressure (II) of a fixed amount of a solute against the volume (V) of the
solution at a fixed temperature?

(0,0) Y,

(0,0) \Y
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15. Question 15

Consider the following data for KCI solution at a particular temperature:

Concentration (mol L71) Molar Conductivity (S em?mol-!)
1 x 104 149.1
9% 104 147.1

What is the value of the limiting molar conductivity?

150.1 S ¢cm? mol !

(a)

(b) 149.2 S ¢cm? mol !
() 151.1 S cm? mol~!
(d) 152.1 S cm? mol~!
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Mathematics

1. Question 1
Consider the following lines in the XY-plane:
Ly:bx—2y=1,
Lo : the line passing through (0, 1) and (100, 101),
L : the line passing through (1,11) and parallel to the vector —i+2]

Let A = (L1 N Ly) U (Ly N L3) U (L3 N Ly). What is the total number of
elements of A 7

(a) 3
m
( !
(@ 2



2. Question 2

Let A be the set of points in the XY -plane which are equidistant from
P(-1,0) and Q(1,0). Let B be the set of points in the XY -plane which are
equidistant from A and Q. If (5,y) is a point in B, then what is the value

of y2 7
(a)
m !
( *
(d) 16



3. Question 3

Consider the lines L and Ly given below:

Li:x=2+) y=3+2\ 2z=4+43)\
Lo:x=44+)X y=4, z=4+ A\

If (2,3,4) is the point of L; that is closest to Lo, then which point of L is
closest to L7

(a) (3,4,3)
(b) (3,4,4)
© (5,4,5)
(@ (4,4,4)



4. Question 4

. be a sequence of real numbers. Let s, = a1 +as+---+an,.

Let a1,a9,as, ..
..., then

If 25, = n(c+ ay) for some real number ¢ and for all n = 1,2,3,
which one of the following statements is Correct?

is an Arithmetic Progression.

ai,az,ag,...
(a)

a1, 2as,3as, ... is an Arithmetic Progression.
(b)

ai,as,as, ... is a Geometric Progression.
(c)

ai1,2as9,3as, ... is a Geometric Progression.

(d)



5. Question 5

Let f: R — R be a strictly decreasing function with |f(¢)] < 7/2 for all
t € R. Let g: [0,7] — R be a function defined by ¢(t) = sin(f(¢)). Which
one of the following statements is Correct 7

g is decreasing on [0, 7].

(a)
g is increasing on [0, 7).
(b)
© g is increasing on (0,7/2) and decreasing on (7/2, ).
c
(@ g is decreasing on (0,7/2) and increasing on (7/2, 7).



6. Question 6
Let f, g: R — R be functions. If g is continuous, then which one of the
following cases implies that f is continuous 7



7. Question 7

What is the largest area of a rectangle, whose sides are parallel to the
coordinate axes, that can be inscribed under the graph of the curve

y=1—22

and above the X-axis ?



8. Question 8

Let M be the set of all 3 x 3 matrices with real entries. Consider the relation
Ron M given by R = {(A,B) € M x M : det(A— B) is an integer}. Which
one of the following statements is Correct ?

R is reflexive and symmetric, but not transitive.
R is reflexive, but neither symmetric nor transitive.

R is an equivalence relation.

R is symmetric and transitive, but not reflexive.



9. Question 9

What is the value of 23Cy + 23Cy + 23C,y +

(a) 222
(b) 222 -1
(© 2% 4+1
(d) 9223

cee 4 20 ?



10. Question 10

Let f : Q — Q be a function such that f(x +y) = f(x) + f(y) for all
z,y € Q, and f(1) = 10. Which one of the following statements is Correct ?

f is bijective.
(a)

f is injective but not surjective.

(b)
(© f is surjective but not injective.
¢
() f is neither injective nor surjective.

10



11. Question 11
Let

x/2

I= /eiw/2 (sin®(log(z)) + sin(log(z?))) da.

What is the value of I ?

eTI'/2 _ e—ﬂ'/2

(a)

m
e/

©

(d) e —1

11



12. Question 12
Consider the following subset of the XY -plane:

S ={(|z—1iz|,|2|*) : zis a complex number}.
Which one of the following statements is Correct ?

S is a parabola.

S is a circle.

S is an ellipse but not a circle.

S is a hyperbola.

12



13. Question 13

A ship sets off on a voyage with three engines, labelled A, B, and C, which
work independently. The ship can complete the voyage only if at least two
of these engines keep working. The probability that engine A breaks down
is 1/4, that engine B breaks down is 1/4, and that engine C breaks down is
1/2. What is the probability that the ship can complete the voyage ?

13



14. Question 14
Consider the differential equation

dy 1 .
cos(y)% + - sin(y) =z, (z>0);

given that y = g at z = v/3. Which one of the following is the value of y

at x = g?
(a) O
b 3
() 2
@ *

14



15. Question 15

In the given figure, the angles ZBAQ =
/OPQ = /CBQ = g; and the lengths QA = 3
unit, AB = 4 unit, and BC = 1 unit. What is
the length of PQ ?

2.2 unit

2 unit

V/2 unit

3 — /2 unit

15




Physics
1. Question 1
On a circular track, two cyclists, Abhijit and Vani, start moving in opposite
directions from a point. Abhijit moves with a constant speed. Vani starts

with a constant acceleration from rest. They meet again on the track with
the same speed. Which of the following is correct?

Abhijit travelled double the distance travelled by Vani.
Abhijit travelled half the distance travelled by Vani.
Abhijit travelled the same distance travelled by Vani.

Abhijit travelled 4/3 of the distance travelled by Vani.



2. Question 2

Consider a simple pendulum undergoing simple harmonic motion with a
time period 7', and a fixed amplitude 8y of angular oscillation. Its angular
momentum about the point of suspension exhibits an oscillatory behavior
with an amplitude A. Which of the following relations between A and T is

correct?
Ax T3
(a)
A x T?
(b)
() AxT
Ax T?



3. Question 3

An inextensible cord of negligible mass passes over the rim of a solid disc
of mass M and radius R. The disc is free to rotate about an axis passing
through the centre perpendicular to the plane of the screen, as shown in
the figure. Two blocks of masses M and M /2 are attached to the two free
ends of the cord. Assume that there is no slipping of the cord on the disc.
The acceleration due to gravity is g. What is the value of the angular
acceleration of the disc?




4. Question 4

A solid bob of a material having density twice that of water is suspended
with a massless and inextensible string of length L. The whole set-up is
placed inside a water-filled tank. The bob is imparted a horizontal velocity
Vo at the lowest point A, while the other end of the string is fixed, such that
the bob completes a semi-circular trajectory in the vertical plane. The string
becomes slack only when the bob reaches the topmost point C. Assume that
the effects of viscosity and water currents are negligible. The acceleration
due to gravity is g. What is the expression for V47




5. Question 5

Consider a solid sphere of radius R floating in a pond with half of the sphere
submerged. The sphere is pushed vertically downwards at the topmost point
and released, such that it executes a simple harmonic motion. Acceleration
due to gravity is g. What is the time period of oscillation?

2 %
39

(a)
2w E
g

(b)
2 ?;—R
g

(c)
2 %
g



6. Question 6

One mole of an ideal gas of volume V and temperature T is allowed to
expand adiabatically to volume 2V while doing no external work. The
universal gas constant is R. What is the pressure of the gas after expansion?

RT
2V

AT
4V



7. Question 7

Consider the motion of a particle along the x-axis. The position of the
particle varies with time ¢ as (t) = sin?(wt) cos®(wt), where w is a constant.
What is the time period of the motion?

2T
15w



8. Question 8

Two identical boxes contain the same ideal gas. Let (ni, A1, T1) and (ns,
A2, T3) be the number density, mean free path and temperature of the gas
in the first and the second box, respectively. One of the boxes is emptied
into the other one. What will be the mean free path A and temperature T'
of the gas now?

- )\1)\2 o anl + TLQTQ
)\1 —+ )\2 ’ ni + no

(2)
- 77,1)\1 + 77,2)\2 T— anl + n2T2

ni + no ’ ni + no
(b)
PGES e U RN oy
ni + no
(c)
- T =VITh
(d) A1+ Ao



9. Question 9

Consider two point charges +¢ and +2¢ fixed on the 2 —y plane at (—¢/2,0)
and (+£/2,0) respectively. Another point charge —¢ having mass m is
released from rest at (0, gﬁ) on the & — y plane, as shown in the figure.
The permittivity of free space is ¢g. What is the acceleration of the charge
—q at the time of release?

(0
(0,/30/2) A —q

O
+q +2¢
(_5/270) (6/270)
q2 B 2
8megmi? <l —3V3 ‘])
(a)
q2 . T V3 2
(b) 8megmdl ( ‘])
871'6((1)277%2 (3 i-v3 j)
(c)
o Sreomiz (3V31-1)



10. Question 10

Consider the circuit diagram as shown in the figure. The source has a
voltage V = Vj sinwt. Both the resistors A and B have the same resistance.
The capacitor and the inductor have capacitance C' and inductance L,
respectively. For some frequency w, and certain initial charge in the
capacitor, the current through the resistor A is in phase with the source.
What is the value of w?

A

ﬂ
=
Q

10



11. Question 11

A conducting wire carrying a steady current I is shaped as shown in the
figure below. All connected straight segments meet at right angles. What
is the magnetic moment of the current loop?

Iab (j + k)

=

Tab (j — k)
V2Iab (4 k)

Iab (k —J)

11



12. Question 12

Consider the circuit shown in the figure. The capacitors C1 and C2 have
capacitances 2 uF and 8 upF, respectively. The switch can connect point
X to either Y or Z. Initially XY is connected until the capacitor is fully
charged by the battery. Then the switch connects X and Z, and the final
charges on C1 and C2 are )1 and ()2, respectively. What is the value of

the ratio &?

Q1+ Q2

1=

=

12



13. Question 13

Atomic masses of two oxygen isotopes 120 and 120 are 15.99491 u and
17.99916 u, respectively, where u is the atomic mass unit. Masses of proton
and neutron are given by 1.00727 u and 1.00866 u, respectively. The speed
of light is ¢. What is the difference between the binding energies of 120 and

120 nuclei in units of u ¢2?

0.01307
2.00425
0.99559

3.01291

13



14. Question 14

The refractive indices (n) of two transparent slabs are 2 and 2//3. They are
attached together and placed in a third transparent medium of refractive
index /2, as shown in the figure. The thickness of the upper slab is 1 cm. A
monochromatic light ray is incident on the upper slab at 45°. What would
be the thickness in cm of the lower slab such that the lateral shift of the ray

after passing through both the slabs is zero?

1/v3
1/v2
1/2

V3/2

n:\/§
N
S n=2
N
A
A
A
N G
AN 71:2/\/3

n=+2

outgoing ray

14




15. Question 15

Two monochromatic sources emit light at wavelengths A and A/2. The
stopping potentials for a photosensitive material using these two sources
are found to be 1 V and 3 V, respectively. What is the work function of the

material 7

1eV
(a)

2eV
(b)

1.5 eV
(c)

1.25 eV
(d)

15
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TSI o HEd T_eh SHeT T VTt b UINUr— 3[R H1e WR 3T ST et

g7
[Ori, 3R Amp” FHeT: TfAGIE PT IR iR THRei HfcRiepar S & | |

EcoRlI

BamHI

Amp® TASHE HEES

EcoRl

(b)
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UTeiRST SEet JAfAfraT (PCR) T SUANT I AfUBIA ST BT Hae faam Siam
& 1 < PCR & 30 =/shi o IURT T ST ol 1 et wfcar Seust gt 209
Th P I H 3 A S D fobarit wfr vafdia gs <& gt 2

1 fafera
0.66 fafelam
10 frfeta=
0.1 faferg
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T el TS T MR N = 400 AT P18 AN K = 500 TP TGP FFed el
(Tf=eie) 81 I 8, T8T K G107 &FTelT & | Ife $9 STTaTaT i Wi Jig ol
3 R (r) 0.01 B A 3MaTEt fE IR (dN/dt) &1 7 faem 8 2
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ffaRed § § P9 71 HUF T8l & ?

T -PTSCT Bl HTScH Bl Th IU-HY T&! AT AT & 31R T Wel-AIeIHre gl
2 Ry TeMiepTe @eal € |

T8 PrecT BT Uh IU-TH & 3R 399 Hel-Alcidprs Bidl & fo TeHIeTs H8d & |

IE Precl B Udh SU-HH © 3IR 91 drecd ol a¥e aRediad Areiars wd fia-fog
B B

I -PrSeT DI PIScT BT Ub IU—TY 8] HHT ST & TN b 379 Siel Fag o
(4) TRIT STl &
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71 & & @9 91 BeF 9% ‘B’ H gerT | sifadior (0,) faaed ami © A 3R
'C PRy H TE R ?

EHFAIE T O FIHAT BT % —p

ash ‘A’ =g [HT ] |isT Bt 23T F EFRAST | BADRT 0, —FAH Pl Fefid
FRATS |

ash 'C’ = pCO, Bl ZeMalt § EFFEIed | fFadR 0, —HIIo ®I Fwfid a=ar
g |

ash ‘A’ =g pH BT S2MRN H EANAIS I RADBRI 0, —FASH Pl FefUd PRl 8
|
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Ny, CO, TIT NOT & Fa™ H P HT HT Fel & ?
Y FH-ZOIICID & JAT ThHH I7g—hH I & |

I F-golaCIe & oI [ 7g-37 @ 8 |

J I -ZAaCIe T8 & UReg e 78— TG & |
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Frfefea Agpal o fpeT/ fobieT Gahia SITEl &1 A 2 R HISH & e
BR?

[Fe(H20)6](NO3)2, Ko[MnCly], Ks[Mn(CN)g], @& [Ni(CO),4]

(s) Iaet Ky[Mn(CN)g]

Ko[MnCl, ] &2 Ky[Mn(CN )]

(b)

[Fe(H20)6](NO3 )2 T Ko[MnCly]

(c)

Ka[Mn(CN)s] T2 [Ni(CO)4]

(d)



4 TH 4
VSEPR FEId & TR, XeF, TeIT SF, P Ty Tl SMasfct ohmer: i &t 8nfl?

T AT AT Sl
NN
(b) el

) SPett AT T AT
C

(a)

(

(d) ST T T
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RIS Hgpet ST T2l & URTTT -G &1 H ST Rl & | 379 3 D
T 3 ST 7 geTRRAm?
[CoCI(NH3)5]2*, [Co(H20)(NH3)5]F, [Co(NH3)6]*+, eI [Co(CN)g ]~

[CoCI(NH3 )5 ]2+

(a)

() [Co(H20)(NH5 )5 5+
© [Co(NH3)s]**
(@) [co(en)s]?~
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T ToITS TS TRATR &b HET IRER R T4 87
F

H7 ~H
H CH, HO

OH

(a) B FATGIT

IREATHS AT
(b)
yfafds T
ferfa garaTg
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fFfofRaa I 6 i o1 T8t P 7T 872

OH

O

M

P>N>Q>M
P>Q>N>M
N>P>M>Q

N>P>Q>M

OH OH
COzH O,N \©/N02

NO, NO,
N P Q



8. U¥ 8
el arfafsrar i 3 Icute N der Q & &2

N CO, HCl
©/ 2 H3PO,, H,0 M anhyd. AICI,

CN
©/ SnCl,, HCl o H,0"

(a)
COOH
N = OH o=
(b)
OH
. cHo o CHO
(c)
COOH
N=Q= [:j/
(d)
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fFfafea arfafshar w9 5 X 9o Z &7 82
HgSO,, dil. H,SOy,, o
H,0 z XN
X warm Y dil. NaOH, heat Ph/\)J\CH3

X= Hs,C——H Z= PhCHO

(a)
X= HyC—==—CH; Z= PhCHO

(b)
X= Ph——-H Z= CH;CHO

(c)
X= Ph—=—CH, Z= CH,CHO

(d)
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M dAT N BT IP TReFTHHAT & T F Tet fJexor =1 82

HO
HO
H)—oH o 9"
OH H H HO
HO OH H OH
H OH OH H
M N

M T& a—D—(4)-TPMITAN & T N U 3-0—(—)-HacHgRAd &
M T 3=~ (+) ~"GPIUTEEAH & T2 N T §-0—(—) ~FareIwIRAI &
M T& a—D—(+)-TGDIUTERANT 8 T N T —D—(—) ~TFcIaRAd &
M U@ a—b—(+)-TFPITIRANT 8 T N T [f-p—(—)-FHICIISAN &
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Teh SIS 3rfafehar

2A(s) — B(s) + C(g) + D(g)
R R BT |

Tg Iffafepar

Toft I R w9 vafdd enft
Pael BBl I YT IR T&d: gafad grft
Pael Il =T 99 R T gafdd g

Tft I WR 3ad: vafdd gt
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foreft &g & U Selac & e & fol Wit &7 | &F ool Bl STaeadT Bielt &
I8 500 nm P TG & 32U 81 100 dTC TAT 300 nm TGS & T g Pl
IR} fafdor aft 39 e1g it TaE F Taw § ar i Sds AT 89 arel axft
THAD FelaeTHl Bl T Tt Solf a7 B

TATh FRRIB BT AM = 6.6 x 10734 Js, TRIAH A = 3 x 108 m s~ !

40 J
(a)
2.6 x 10719 J

(b)

1.6 x 10719 J
(c)

(d) 80J
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U@ STARFAT R — P ORI T RERTH 3 x 1073 mol L=! s~ 8 A1 i A ™
T-foat 5 3 a1 FEt 82 (far w8 f R 6 URfMS g [R], & 97 999 ¢
W R & Figar [R] B1)

[R]

v

[R]
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7§ & oF 91 Y@ e T aoE R emed (V) & gy fee e
ueTef &1 I T & IRIERUT S (1) 8 dTet giRac &1 Fal fomur ol 82

I
(0,0 v
(a)
I
(0,0) %
(b)
- /
(0,0) v
(c)
I
(0,0 v
(d)
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Ue A9 T R KCI faetae & IR H 777 aifre URgd &

Hrwal (mol L) HleTe =letdhdl (S cm® mol™ )
1x10™ 149.1
g x10™ 147.1
T AR ATetehd BT 1 FT BRI

(a) 150.1 S cm? mol—?
(b) 149.2 S cm? mol~!
() 151.1 S cm? mol~—!

152.1'S cm? mol~!
(d)
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XY -ad ¥ frg fF=fafed Wi wR R Hifv

Ly:bx—-2y=1,
Ly : (0,1) Td (100, 101) I ORI 5% @I,
Lz : (1,11) & ToRA dTefl T A3 — 7 + 2 & TR X&T

IR A= (LN Ly) U (LaN L3) U (LyN Ly), A A H Pt fobe 3ea & 2
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a9 Ao 6 XY -aa § figatl &1t w9@d A © S P(—1,0) 3R Q(1,0) &
THEIE R W & | 91 et 76 A tF Q ¥ @FHH ¥ R XY - § e
figall &1 T=d B 2 | I B 5 IuRRT U 31add (5,y) &, Al y® &l A1 &l
g7



3. U3
I < g N9eh Ly, W L, R AR Hifsie

Li:x=24) y=3+4+2\ z=4+3)
Lo:x=44)\ y=4, z=4+ X\

I (2,3,4), L, &1 I8 6 & SN L, & M 8, Al Ly &l 1 g Ly &
e & 2

(3,4,3)

(a)
(b)
(c)
(d)

(3,4,4)
(5,4,5)

(4,4,4)
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9 T 8 a1, a9, as,... IRARD T B TH HA & | A Aol b
Sp = a1 +ag + -+ a, | AR BN AP T ¢ IR AH 0 =1,2,3,...F
%Q%n:n(c—i—an)%, ar fFr=faRea 5 9 &9 97 29 I8 § 2

ai,as,as, ... U@ TR AL & |

(a)

() a1,2as, 3as, . .. Wb AR ST 8 |
(C) al,az,ag,...@ﬂUﬁﬁ?%%l
(d) a1,2a2,3a3,...Q35§Uﬁ?I?’;{a%l
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I f: R — R U@ (AT FReR gAM e & fs avft £ e R & ol [ £(1)] < m/2
g | 99 NS f we g: [0,7] — R, g(t) = sin(f(t)) & gRwIfT &, @
frffEa & & o a1 HuT g 8 2

B g JAARTA [0, 7] R A & |

(a)

HeTd g IR [0, 7] TR TETH © |

(b)
B g JAATA (0, 7/2) W GEAH 8 3R (7r/2, 7) W FAA 2 |

et g TR (0, 7/2) TR g 8 3iR (7/2, 7) W 987 2|
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TH AT fF £, g: R » R B & | I} ¢ Gad & o F=fafea 5 9 e
oRfEfA H f Iad & ?



7. 947

By = 1 — 22 b AR TAT X 314 & SR [T &7 5 Ffd O e, o
gl fceTell & FHICR 8, BT 780 el 31 8 ?

(a)

(b)



8. UA 8

T oIy &5 M arefaes ufaftai arel 3 x 3 3TTR & 37! & T2 & | 999
MWRR = {(A,B) € M x M : det(A — B) T& QUIid & } GRT UP He R
aR9TT fovar mr 8 | eafafad 5 & o 1 we T8l 8 2

(s) R E9ged 3R F9fT 8, <Ifd Hepre 8 © |
a

(b) R ¥ &, U= AT I1 e T8l § |

R U JoIdl 699 © |
(c)

(@) R F9Ha 31 T B, <ifdh Taged 78 © |



9. UH 9

2300+2302+2304+”

222

(a)
22
223 + 1
223

(d)

4 20y, PITAF FATE ?



10. 95 10

TH AU f Q> QT EHem e fF Il 2,y € QF AT flz +y) =
fl2)+ f(y) W@ f(1) = 10 & | AT 3§ J @i a1 HoF el 8 2

f T STl B |

f Tthdh & UR=g SO TET & |
f SToBTe & uveg T e # |

f 1 A1 U § 3R AT & 3w § |
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11. 9% 11
gfe

/2

I= /:M2 (sin®(log(z)) + sin(log(z?))) dx

AT PIHAA TG ?

e71'/2 _ 6—77/2

(a)
(b) °
mem/?
() 7
(@) <71
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12. 7% 12
XY T & 7 St W g S -
S ={(lz —iz,|2|?) : » 7o WY TR } |
frfafed § & o9 a1 woF el 8 2

S T Nt & |

(a)

(b) STHIAE |

© S T e &, | g9 el 2

(@) S T ARSI ® |
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13. U 13
T JEN, A, B, 3R ¢ § fafRd & SoMi1 & 12l IHE URY ol 8 | 99 ooy
5 T ST U GER H FciA BU H BRI R 8| Tfe PH H PH &l oI DI B
& ot STETst I/ quf R bl & | 91 A, B, T C & GRIE &1 S & Ui
S 1/4, 1/4, TAT 1/2 21 T JETS & ITAT YOT &R o bl UTHRIHT 9T & ?
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ffARIT 3rader TR R R HIfS

dy 1 .
COS(Q)% + E Sln(y) =, (l‘ > O)a

aﬁﬁmgw%ﬁﬁy:gaﬁm:\/ﬁ%ﬁﬁrﬁ@ﬁﬁﬁm:\/?T\fywrm:r

RIS ?
(a) ©
(b) 3
(0 2
() *
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15. 95 15

{21 710 f2 § DI LBAQ = ZCPQ = ZCBQ = 1
g; IR TEAEAT QA = 3 3FTs, AB = 4 3PT3, 3R
BC =13®5 8 | 9 PQ & @id1s {1 & ?

2.2 P1S
2 5T
V2 T
3 - V23R
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a1 A1sfdhet a1eis AT iR amft T gpR g9 R U g 3 fReia fem 5
AT URFY I 8| ST U FRIA Tt § e &) aToft fReRTaver § g% axd
Tep PRI TaROT 3 Fefclt &1 F SFT Ub &1 a1eT | QT 399 U R ferd 81 Fr7 5 |
PIF T BT T &2

(s) SITHSII, aToft <t JoraT o, SR ST O PRl B

(b) arfofid, aroft &t gorr 3, ameft S T e 21

© 3rfaofia oiR amft o < o vt 8l

(@) STfid, aToft <t gorer 5, 4/3 T S T Fea Bl



2. UH 2

R HISRY fb T TR At Slei-iablel T TAT BV Sl & e IR 6, I
TR JATed Tl &R T &1 39 clleid Pl (FIefa g b HTUE Doy e SR A

3G T PRt & AT A TUT 7 & ol Fr 5 T 3l 97 I Tt &2

(a) Ax T3
(b) Ao T?
() AxT

(d) Ao T?
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fFORITIRIR, R0 e dTeft Ueh SIfAdT= Il M Segv™, R s de oo aref
(T8 & oFead) W g9 & foly T ufed & R9 § Toredt 81 M T M/2
S & a1 fis Tl & a1 9o K1 9 s 81 afs 7 folan SR o <t ufedl R
TE TRac & TAT TR TR ¢ & a1 Ul T Diofig wa=or 7 1 e awre

M/2




4. UH 4

U & Ec@ & QN B dlel Ud Bic 319 fUS @1 L 18 & SeHH fed
ST GTY F STCHIAT T &1 T FHTST Bl T H R Sh H 37 1T 81 fig A R
fiie @1 AfT Y 1, TeM R W (SR BR 1 R W §Y) I8 fis SHeafer
TeT H STETPR U 3 B1R fiig C R Uged & Rt el T Stell g8 et &1
I Tt T QAT TAT GRT TATE DY 0G JHT ST AT oI TR g &, A Vg
& foldl @I |1 fapey Hel 82




5. 0495

R 1 &1 U SI TIeT Uep Tl 5 JATET GaT §3AT 81 7ol Bl SHD Hue fog A
TR fTdl 1 TR Gebel PR BISH R IE el TRel JATat it el §Y YTl STl
21 IS TR TROT g B A el & ST T QAeHDIe FaT 82




6. U9 6

RIS V TAT dTIH T b T HieT e i Pl Sgrsq TehH § 947 9161 i fo
2V mwwﬁw&a%mw%mﬁvﬁuw 21 9 & fIedR & 91 T
FIT E?

RT
@) 2V

RT
(b) 4V



7. 947

T U1 2—378 H A 81 T ¢ |R B0 T RRAM 2(¢) = sin?(wt) cos®(wt) &,
STl w R 81 7T T SlerepTel T &7

2£
(a)
2£
(b) Sw
2;7
(C) H5w
277r
(d) 15w



8. U 8

&1 U U A T JATeeT I R €1 Ugel T SN U A R IR T T
Tcd, T T UeT SR a1 HHT: (ng, Ay, Ty) TAT (ng, Ag, Tb) 1 T UH
& 1R7 @I TR g ¥ fefUa fpar S g1 aRort i @1 Jeg 96 ger A sk
AT T 3T 81

- >\1A2 - anl + n2T2
AL+ A ny + ng
(a)
\ = n1A1 + Nalg T — n1T7 + noTs
ny + no ! o ny + no
(b)
A A
PYLE Lo kT B SN, o oy
ni + no
(c)
A1
A= , T =ITT:
A+ Ao 152

(d)



9. UH 9

g1 g A 4 AT +2¢ ; o — y TAB H A (—£/2,0) AT (+£/2,0) R R
g1afe (0,20) R R/ m TH & T fig amae —q @1 R e F Ih
fopa AT 8 A 9 81 & 9T kvt 1 & (Fafd &1 wRidgdi® ¢ 21)

y
(0,v/30/2) A —4q

O=p- v
+q +2q
(—£/2,0) (¢/2,0)

i)

8 2
(a) TEQM

(b) SWEZmEQ (I_ \/?;j)

q7(3§_¢§j)

8 2
(C) TEQM

” Sren (3V31-)
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o=t aRuer w faaR AT Gid &1 ff9a V = 14 sinwt &1 391 9faRieD! A der
B 1 HfaRIeraaT TH &1 FemRa & emfkar doIr URe & IRedT HHI C Tl L
g1 el 0 Mgl w, iR FeTlha IR B IR e & folg afS ufcRigs A &

oI aTett ORI GRT T A FH defl H & A w BT T 37 87

:
h
Q
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11. 95711

FATIER U dTetehid IR T MR T T & forem Ues el faggd g 1 vanfed
B & 21 Tl Sl W AR W U SER | FHBI S E 1 9 Pl F vanfed

fI=IT GRT o RO Frarh T STEL T 52

Iab (j+ k)

Tab (

o
=
S~—

V2Iab (j+ k)

=

Tab (

e
N—
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12. 95712

1 aRuy R faeR SISl FenRat c1 qer c2 & aRarg wHer 2 uF JAT 8 uf
g1 Uep g g1 fofg X 1 fag v § a7 fig Z | SiveT ST Hepell €1 TR= H X AT Y Bl

GTRA & qufd: AT 8 M T ks @1 AT 81 Te4Td, X B Z § Sre fe

TIT QY FIA: C1 T C2 TR ST 2T Q1 AT Q5 Bl 5 %Q BT A FIT 87
1 2
X
Y 0z
c1——
-‘- —

4
(a) °
!
(b) °
1
(c) *
1
(@) 2
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STRATO o &1 JATgHICH U el 100 qerr 180 &1 URHT 9R AT 15.99491 u
TAT17.99916 u | u TRHATY AR 3PTS & | HITH TAT S Bl GeFHM HAT: 1.00727
u T 1.00866 u &1 u ¢ b 5p1g § 0 T 100 AT b g7 il T 3R
fpamT 82 (¢ Frafa & arer i amat 21)

0.01307
(a)

2.00425
(b)

0.99559
(c)

3.01291
(d)
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31 yReeft fAfet &1 SruacHid (n) HHeT: 2 qT 2/4/3 Bl FoAgaR 37 < fAfeat
BT THSER H SIS FR T TR ATETHT 3 T ST & T ATaciiay /2 &1 Hut
et B e 1 cm 81 Tt (AFhATCE ) TameT fawur Ut et o 450 Bivy
IR BT ATl &1 fFeret! et 61 Hiers o 81 o & Smafiia foor o arar

faur & <t gt uRecH &t 919 g &2

45°
WN n=12
\\
| N
N

$

I 1cm n=2
Y

7L:2/\/§

n=2

1/V3
1/v2
1/2

V3/2
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