DACE

IIT-MEDICAL Major Test — 1 : Physics (Main)

PART (A) : PHYSICS

Solutions

2. (B)
(T—2j+2K)+ (2 + j-K)+R=1
Required vector R=-2i + j —K

3. (D)
A=3N, B =2N then R =+/A?+B2 +2ABcos0
R=+9+4+12c0s6 ... (1)
Now, A = 6N, B = 2N then
2R =+/36+4+24c0s0 ... (ii)
From (i) and (ii) we get

cosO:—l
2

6 =120°

4. (B)
A+B=41-3]+6i +8]=10i +5]

\K+§\=1/(10)2 +(5)° =56

tanezi:l = 0=tan! 1
10 2 2

5. (D)
From flgure v1=20 m/s
Vv, =20] and v, =—20i
N v2=20m/s
AV =V, —V, =-20(1 + ]) 1%
| Av|=20+/2 and direction -
0 =tan (1) = 45° i.e. S-W Av v

6. (A
A=i+]+k; B=i+]
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10.

A=A 412412 =3, B=A12+12 =2

AB=2

cos0 = QBB \/_2\/_ [\/EJ
sme—m \/: \f

e
(D)

From the property of vector product, we notice that C must be perpendicular to the plane formed by
vector A and B. Thus C is perpendicular to both A and B and (K+ E) vector also, as it must lie

in the plane formed by vector A and B . Thus C must be perpendicular to (Kx E) gives a vector C
which can not be perpendicular to itself. Thus the last statement is wrong.

(©)

The X component of force F is v

V3 _\3
x—=—F
2 2

The Y component of force F is

F, = Fsin30°= Fxi_lp 30°
2 2

F, =Fcos30°=F

(©)

J'tan X dx—.fsec2 X dx—_[cosec2 X dx

sin x
— I dx—jsec2 X dx—jcosec2 X dx
oS X

=—Incosx—tan x+cotx+C
= In|sec x| — tan x+cot x+ C

(A)
y:In(x)3/4:—Inx
- 2
dx \4)\x
dy _3,8_9
dx|_4 4 4 16
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11.

12.

13.

14.

(B)
%g(3)2 =%(2n—1) = n=5s

(A)
Time taken by first stone to reach the water surface from the bridge be t, then

h :ut+%gt2 = 44.1:Oxt+%x9.8t2

o 2x44.1 _ 3cec
\} 9.8

Second stone is thrown 1 sec later and both strikes simultaneously. This means that the time left for
second stone
=3-1=2sec

Hence, 44.1:u><2+%9.8(2)2
= 441-196=2u = u=12.25m/s

(©)
Total distance = % gt® = 2—25 g

Distance moved in 3 sec = % g

Remaining distance = % g

It t is the time taken by the stone to reach the ground for the remaining distance then

16 1
—Qg=—0gt" = t=4sec
Zg 2g

(A)
Height travelled by ball (with balloon) in 2 sec

rh:%aﬁ =%x4.9x22 ~9.8m

Velocity of the balloon after 2 sec

v=at=49x2=9.8m/s

Now if the ball is released from the balloon it acquire same velocity in upward direction.
Let it move up to maximum height h,

V2 =u?-2gh, = 0=(9.8)" ~2x(9.8)xh,

Greatest height above the ground reached by the ball

=h+h,=98+49=147m
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15. (B)
Let h distance is covered in n sec

1, :
= h==gn
59 (1

Distance covered in n'" sec = % g(2n-1)

9h ¢ .
—==(2n-1
o 2( n—1) (ii)
From (i) and (ii),
h=1225m

16. (D)
In the positive region the velocity decreases linearly (during rise) and in the negative region velocity
increases linearly (during fall) and the direction is opposite to each other during rise and fall, hence
fall is shown in the negative region.

17. (B)
1
(S)(IastZS) _ EXZXlO _1
(S), ;x2x10+2x10+;x2x10 4
18. (B)
2 aiin? . 2ain2
|_|=u sin“ o andT=2usme :>T2:4u 3|2n 0
29 g g
2
" 8 ;_[BH_,[2H
H g g g
19. (B)
UZ
Rinax :5:400m (for 6=45°)
2
u 400
H. ., =—=——=200m (for 6=90°
20. ©
Vr
30°
Vm
90°
|
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sindoe= Y=Ly _¥m 054050
v, 2 2 2
21, (1)
A+B=5i - j+k

The unit vector of A+B = o —J+k _> +k

~]
J25+1+1 27

Hence, a=1

22.  (5)
C =+/A2 + B2
=+3%+4% =5 B

Angle between A and B is g

23. (2
Here, F1=3K
F2=5c0s37°]+5sin37°1 =4]+3(
and F3 =—4/2c0s45°% —4/2sin45°]
=—4i—4]
For equilibrium of the particle
E1+E2 +E3 +|_f4 =0
or 3k+4j+3i—41—-4j+F4=0 = Fr=i-3k

Fa=+1+9=410
n:

2

24. 1)
If a and b are perpendicular, a-b=0
or 2x-3+1=0

x=1
25. 3)
The velocity of the particle at t = 4 s can be given as
V, =V, + AV ... (1)
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alm s)=
F

5 f"lg

(0

-10

Where Av= A (= area under a-t graph during first 4 s)
Referring to a-t graph (shown in figure), we have

A=A+A-A-A ... (i1)
Where A =5x1=5, A, = —><X><5

As:%xa X)x10 and A, = _><2><10 10

We can find he value of x as follows.

Using properties of similar triangles, we have g =—.
. 1
This yields x = §

Substituting x_— in A = —><x><5 and A, = 1(1 x)x10,

We have A, == and Ag_—0

Then substltutlng A, A, A are A, in Eq. (ii), we have
A=-75 = Av=-75and V, =10.5ms ™"
Hence, we have v, =V, +Av=10.5-7.5=3ms ™"

26. 2
gl'a)king upward direction as positive, let us work in the frame of lift. Acceleration of ball relative to
lift = (g + a), initial velocity: u, =V, final velocity: v, =-v as the ball will reach the man with
same speed w.r.t. lift
ApPPlY Vi =Ug +at = —v=v+(-g-a)t = t=2s

21. (1)
V,=90kmh™*=25ms™
V,=72kmh™"=20ms™

In 10 s culprit reaches point B from A. Distance covered by culprit,
S =vt =20x10=200 m.
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At time t =10s, the police jeep is 200 m behind the culprit.
Relative velocity between jeep and culprit is 25 — 20 =5 ms2.
Time :\% = % =40s (Relative velocity is considered)

In 40 s, the police jeep will move from A to a distance S. Where
S =vt =25x40=1000 m=1.0 km away.

The jeep will catch up with the bike 1 km far from the turning.

28. (2
Let the velocity of car be u when the ball is thrown.
Initial velocity of car = Horizontal velocity of ball. 9.8 m/s
Distance travelled by ball B,
Sp =ut (in horizontal direction) e
)
Car has travelled extra distance 3
=S —S§ _1 t2 [ . } _::;zlm/s'
ST T2 ECENC

Ball can be considered a projectile having 6 =90°
2usin® 2x9.8
t= = =2s
g 9.8

S.—Ss =%at2 =%(1)22 =2m

Hence, the ball will drop 2 m behind the boy.

29. (5)
v. =% _3 and v, :ﬂ=4—10t=4—10(o)=4
dt dt

X

V= [vf +V} ]1/2 = [32 +4° ]1/2 =5ms™*

30.  (7)
Diagonal of the hall =+/I? +b? +h? T
= J10% +122 +142 h
=+/100+144+196 _L

v f— | -—H/Jb

=+/440=20.9~21m.
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PART (B) : CHEMISTRY

Solutions
31. (B)
Let % abundance of B® = x
So % abundance of B = (100 —x)
1010 - 10X x+11x(100-X)
100
1010 =10x+1100-11x
x=90
32. (A
02— nglucose
rlglucose + r]HZO
Let Nglucose = X
n
Molality = —gueese X 250,44
Wio(kg) 4y, 18 18
1000
33. (D)
For minimum MW, number of oxygen atoms per molecule = 1
S0 3.2=—21 100
min
1600
= MW_. =——=500
min 32
34, (D)

(A) Hund’s rule violated

(B) Aufbau’s principle violated

(C) Pauli’s rule violated

(D) Aufbau’s principle & Hund’s rule violated

3B (A)
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3
V2, Lz = EVL H
3 3
=—X—V
2 2
9
=—V
4
36. (B)
X+1+2x2=yx15
= X+4=1by
Since final molarity is average of both molarities, the volume of both solution has to be equal
= X=2
= y=4
37. (D)

(A) Mg*" —1s* 2s® 2p°
Unpaired electron =0

(B) Ti* — 1s? 25 2p°® 352 3p°® 3d*
Unpaired electron = 1

(C) V¥ — 1s? 25? 2p® 3s? 3p° 3d?
Unpaired electron = 2

(D) Fe?* — 1s% 25 2p°® 3s? 3p® 3d°
Unpaired electron = 4

38. (A
IE increase along a period left to right Mg has unusually high IE
Na < Mg> Al <S.

39. (D)
Forn=3
= (=012
= 0,1, +2
So, (D) nor possible.

40. (B)
N = 2x1Ix2+2x1x1+1x1x3
=4+2+3=9

[CI] :%:1.8 M

41.  (A)
EA decrease down the group but F has abnormally low value
F<CI>Br>|
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2. (B)
X

= X, =4X
2nx4X =4\ = A=21n X

43. (D)
Fe?* — 152 25 2p°® 3s? 3p°® 3d°
No. of electrons = 6
p — 1s% 25 2p® 352 3p°
No. of s electrons = 6

44.  (B)
IEs >> IE4
= (group 14
= Si

45, ©
Empirical formula C4 H; N5
2 1 15
= C,H,N
Empirical mass=36 +4 + 14 =54
MW =108
= Molecular formula CsHsN>

46. (D)
n —inx2
OH™ 10
n,- =05x2x2
\Y xix2:0.5><2><2
10
V=10L
47. ©
m, =+4
= (=4

= n=5
= No. of waves =5

48. (B)

12R><4>< i—i
A 12 22
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i
3R
49. (B)
hx3x—hvy =4y
3hv, =5hx
Vo =2
°3
50. (D)
O~ resist addition of electron due to electron-electron repulsion.
51.  (5)
No. of radial nodes = n— (-1
=6-0-1
=5
5. (4
28.9= 24X, 100
194
x=4
53.  (3)

dyy ., d,,, d,, are between axes, not along axes.

54.  (0)
Since mass of both samples is same, no. of (protons + neutrons) will be same.
55. (1)
Ne =0.5x1x1+0.25x1x2
=1
56. (1)

Let wt. of solution =xg
= wt. of solute = 0.2x g
X
Vo, o=
solution 1.25
X
1250
0.2x

Nsolute = ﬁ

ml
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0.2x
Molarity 250 _ 0.2x1250 _ 250 1
X 250 250
1250
57. 2

15>  2s> 2p% 3s? 3p® 4t 3d°
m=0 m=0 n=2 m=0 1l& m=0 le

58. (4)
He, Ne, N, Be have positive electron gain enthalpy.

59. (0)
IE of cation’s always higher than atom.

60. (6)
Atomic no. = 114
1+1+4=6
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PART (C) : MATHEMATICS

Solutions

61. (B)
The true relation is sinl>sin1°

Since value of Sin 0 is increasing {O - g} .

62.  (C)
Since (x-5)(x—6)<

)
N

x €[5, 6]

63. (D)
We have,
sinO+cosecO=2 = sin?0+1=2sinO
= sin0-2sin0+1=0
= (sin6—1)>=0=>sin6=1

Required value of sin™ @ +cosec'®0 = (1)'° + (1;0 =2.
64. (C)
sin6=%:>cosez_—7,tan6=__24
25 25 7
sece+tan9:_—25+_—24:_7
707

65. (C)
11 2
cosec A+cot A= E = cosec A—cot A= 1—1

Therefore 2cot A= E =tan A= ﬂ .
22 117
66. ©)

5tane:4:>tane:g

sinO:i and cose:i

T N7
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4 5

5sin —3c0s 0 SXﬁ N

5sin 0+ 2cos 0 5 4 Lo 5

NN

20-15_5 1
20+10 30 6

67. (A
sin6+cos6 =1
Squaring on both sides, we get
= sin®0+cos” 0 +2sinOcos =1

. sinBcosO0=0.

68. (A)
oa+p=4
o-B=10
1,1 _o+p_4
o B of 10
Option (A).

_2
5

69. (D)
3tan A+4=0=tan A=—g

= sinA= tan A 43 _4 (. A is in 2™ quadrant)
Jl+tan '\/1+16/9 5

and COSA= —g . Thus, 2cot A—5cos A+sin A

:2(_§j_5(_§]+ﬂ:§_
4 5) 5 10
70.  (A)

Since COS(90°) =0

So, product is zero.

71.  (A)

We have X =+/1+X

= xX2=1+Xx =>x>-x-1=0

14144 1.5

2 2
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As x>0, we get X=1+\/g

72.  (C)
Given equations are 2X° +3X+5L=0
and X% +2x+3% =0 have a common root if

x> x 1

L = =t X2 =-AX=—Mhor r=-10.
-2 A 1
73. (B
We know that range of asin®-+bcos® is [-Va® +b?, Va? +b’]
So, required range is [-5 + 6, 5 + 6] or [1, 11]

Option (B).
74. (A)
2 —_—
From k =X2—X+1
X°+x+1

We have x*(k—-1)+x(k+1)+k—-1=0

As given, x is real = (k +1)* —4(k —1)*> >0

= 3k®-10k +3<0

Which is possible only when the value of & lies between the roots of the equation 3k? —10k +3=0

That is, when % <k <3 {Since roots are % and 3}

75.  (A)
Given equation can be rewritten as
3x? —(a+c+2b+2d)x+(ac+2bd) =0
Its discriminant D
= (a+c+2b+2d)?—4.3(ac+2bd)

={(a+2d)+(c+2b)}" —12(ac+2bd)
={(a+2d)—(c+2b) +4(a+2d)(c+2b)—-12(ac+2bd)
={(a+2d)—(c+2b)}" —8ac+8ab+8dc—8hd

={(a+2d)—(c+2b)}" +8(c—b)(d -a)

which is +ve, since a<b<c<d.
Hence roots are real and distinct.

N

2

}

}

}2
}2
76.  (A)

The given equations are
o +px+q=0 .. Q)
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and x*—4gqx+p>=0 .. (ii)
Roots of (i) are complex, therefore p? —4q® <0

Now discriminant of (ii) is 16q° —4p? = —-4(p% —4g®) >0
Hence, roots are real and unequal.

77. (D)
We know that the expression ax? +bx+c >0 forall x, if a>0 and b® <4ac

(@? —1)x* +2(a—1)x + 2 is positive for all x if

a’-1>0 and 4(a—1)%-8(a%-1)<0

a’-1>0 and —4(a—1)(a+3) <0

a’—1>0 and (a—-1)(a+3)>0

a’>land a<-3o0ra>1

a<-3ora>1

Uu

78.  (A)
Given equation can be written as
(m+1D)x> —{m(a+b)—(a—b)}x+c(m-1)=0.
Roots are equal and of opposite sign. So sum of roots is equal to zero.
= 0=m(a+b)—(a—b)
a-b

= m=——-.
a+b

79.  (B)
Let the equation (in correctly written form) be x*> +17x+q=0.

Roots are — 2, — 15. So 30 = g, so correct equation is x? +13x+30=0.
Hence roots are — 3, — 10.

80. (B)
Let the roots are a and noa
Sum of roots, a+hoo=—— = a=— b = ... (1)
a a(n+1)
and product, a.no=— = o = ° ...(11)
na

¢

a
From (i) and (i1), we get

C

b 2
— = - — =
{ a(n+1)} na  a’(n+1)® na
= nb®=ac(n+1)>2.

81. (1)
tan1°tan 2°....tan 89°
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= (tan1°tan 89°)(tan 2°tan 88°)......=1x1x1....=1.

82.  (8)
Since (x—2) is a factor so f(2)=0
4-12+K =0
K=12-4=8
83.  (2)
Max value of the expression is 2
84. (4)
3/4=15/rsor=20
L
5
85. (4
Let the roots are a, p of X —bx+c=0 and o', B’ be roots of x> —cx+b=0
Now o—B=y/(a+P)>—dap=yb?—4c .. (i)

and o'—B'=/(0'+B)’ —4a'B' =\/c2—4b ... (ii)
But a—pB=a'-B'

= Jb2-dc=vc2-4b = b2 —dc=c2—4b

— b?-c?=4c—4b

= (b+c)(b—c)=4(c-Db)

= b+c=-4

86. (6

We have a+B:—g and OLB:E

2
‘GZ—BZ‘:ESGZ—BZZiE

= (a+B)(a—B):i£ = —g‘/%g—ZC:ig

= 49-8c=F1=>49-8c=1=>¢c=6

87. (4
a, =19" —12"
9 9 10 10
3oy —ay, 31(19°-127)-(19-12%)
STog Slog
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_ 19°(31-19)-12°(31-12)
S7og
- 19°.12-12" .19
STog
12.19(19°-12°)
S7og

=4

88. (4

Consider sin80° =sin(90°-10°) = cos(10°)

So, sin*(10°)+sin”80° =sin®(10°)+cos® (10°) =1

Similarly,
sin?(20°) +sin*(70°)
sin?(30°) +sin® (60°)
sin”(40°)+sin?(50°)

So, required value is 4.

1
1
1

89. (2)
9. (1)
We will substitute the zero of g(x) into the polynomial p(x) to find the remainder .
The zero of q(x) is x=1.
So by remainder theorem, r = p(l)
=3(1)° - (1) +(1)* - 4(2)" +2

=3-1+1-4+2
=1
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