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DACE

IIT-MEDICAL Major Test — 4 : Physics (Paper - 1)

PART (A) : PHYSICS

1. (B)
Rate of cooling = Cooling by radiation per second + Cooling by conduction per second.
dT KA
—— =K (T-Tp)+—(T-T
gt~ KT=Ta)+ o (T-Ta)
. L I
T (T-Ta) LC )0
= log T2=Ta =—(K1+ﬁj't
T =Txp LC

Note In conduction,
d_Q_ KA(T—TA) —C( de
dt L

dT KA
—— = (T-T
dt Lc( A)

2. (B)
Efficiencies of AB,AC and AD are

1—_-II:—B,1—T—Cand 1—T—D

A A Ta
As, per given condition,

1
Nac = E(nAB + TlAD)

wrrlnr)

1-Jc_q_Te+Tp
Ta 2Tp

3. (B

Least count of screw gauge = 11ng] =0.01mm
Diameter of wire = (1+47x0.01)mm =1.47mm

Curved surface area (in cmz) = (2n)(%j(L)

Or S=ndL

= (m)(L47x107")(5.6)cm?
Rounding off to two significant digits,

S=2.6cm?
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IIT-MEDICAL Major Test — 4 : Physics (Paper - 1)
4, (A)

f=—-ma = pmg=-ma

= a=-ug

IIIII/ITIIIIIITIIIIﬁIIIllI/II/I/IITIIIIII'//IIII”/

wo=0 Pure rolling starts v =Rw

R =la
= Mngzngza ]
5 2R
vV=u+at
= V=V —ugt
®=0y+oat
= w=0+5ﬂt=ﬂ
2R 2R
V=Ro
Sugt 5
= Vo—uot)=R| — [=uot| 1+ = |=V
(Vo —ngt) (2Rj HQ( 2) 0
(2o
7ug
s=ut+at?
2
®Tug 277 49u2g?
B 2v§ B 2v§ 3 12v§
7ug  49ug  49ug
5. (B)
Suppose the wire vibrates at 420 Hz in its nth harmonic and at 490 Hz in its (n + 1)th harmonic.
a0st=" |F (i)
2L\
n+1
and 4903—1:ﬂ\/f o (i)
2L \u
490 n+1

This gives —=—— or, n=6.
420 n

Putting the value in (i),

4205 — 6 4503N _ 900 m/s
2L \5.0x10° kg/m L
or, L= @ L=21m
420
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IIT-MEDICAL Major Test — 4 : Physics (Paper - 1)

6. (A)
From conservation of angular momentum,
Vol
mvgly = mvr = v=-92
r

From conservation of mechanical energy
2
1 GMm 1 (vl
“mvg=———=S—4+Zm| 20
2 r 2 r
—2GMr+ V3l

r2

= (vg)r2+(ZGMs)r—(v§I§)=0

vg

~2GM, + \/4GZM§ +4(v3 )(vE16)

I =
2V8

Neglecting negative sign.

Imin =

Oor ryim=

7. ©
Electric field between the two charges is negative.
So, g, will be positive and g, will be negative.

Since, electric field is zero at a point closer to ¢, || <|cy -

8.  (AC)

<!

_ ~(\7—ﬁ)
e
_U)
vl

|
<

—~~
<l

<
cl

9. (AC)
ugsin37’
g
0.9x10
UB =
3/5
The time of flight of u should be greater than 0.9 s.

TAZZUA
g

For B,0.9=

—15mst

CENTERS: MumMBAI / DELHI / PUNE / NASHIK / AKOLA / GOA/ JALGAON / BOKARO / AMARAVATI / DHULE n



DACE

IIT-MEDICAL Major Test — 4 : Physics (Paper - 1)
2Up
But Tpo>09=—%~>09
g
Ur > 0.9x10
AT 2
up >4.5m/s
10.  (ABD)
Mpg —t=Maa or 10-T=a
And T +mggsin37° =mga or T+6=a=10-T
T=2N
Also, 10-T=a
a=8m/s?
A = \/azA +ag —2aap c0s53°
= \/82 +8° —2.8.8><§ =612
11.  (BC)

12.

2
Here, T=mg cose+¥

= mgcose+|m(v§ +Zgh)

mg cose+|m(vé +2¢l cose)

2
Or 20= mgcose+%+2mgcose

(at the time breaking)
Or 20 =1Ocose+§+200059

Or 30cos0= E
2
0 =cos* (lj
4
(BC)
pV =nRT
m
mg (patm +A?)Ah
+—=|Ah=nRT=n=
(patm A J RT

Also, gas on heating lifts piston against gravity, spring and atm pressure.

1
Was = Patm -A-X+Ekx2+mgx
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13.  (7.00)
25in29 (20)°x(3/4
b usin 6 _(20)"x(3/ ):15m
29 2(10)

14.

15.

i.e. the shell strikes the ball at highest point of its trajectory.
Velocity of (ball + shell) just after Collison, using conservation of momentum is

v ucos60’  20(1/2)
2 2
Let v' be the velocity of the trolley, when combined reaches highest point. Then,

10
i : v
H g _b

—5ms ™

2x5=(2+18)V’

v'=imst
2
By conservation of mechanical energy, we get

1 2_1 1

L)) E(zua)@  (2)(10)(2)(1—cos6)

25—-2.5=40(1-cos6)

= 22.5=40(1—cos0)
= g:l—cosezcosE)zl
16 16
(1.58)

On m (force equation)
T-50x10 = 50x2 = T =600N

On cylinder (Torque)

Fx0.1-Tx0.25=1x_2 P
0.25 R

= F=1580
F=158kN

(1.00)
Consider an element AB of length AB of length dl. Let T be the tension and a be the area of cross —
section of the wire.
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IIT-MEDICAL Major Test — 4 : Physics (Paper - 1)

—I= )2

magnified

al
Tcosy ;;I@Tcosg
AN 1R SENTY
Tsing ™ | ,"Tsing
\ lg
ho

Mass of the element is dm = (volume)(Density) = (a dl)p

The component of T, i.e (T sin g +Tsin gj provides requires centripetal force to the element consider.

. 0
Fo =2Tsin—
¢ 2
(dm)Re’ = ZT(gj ( 0 is small, sing ~ gj
_(adl)pR(D2
0
o-d!
R
T:aRzpoa2 (i)

Let AR be the increase in radius of the ring.
A(27R
Longitudinal strain= Al = g = AR
I 2nR R
_Tla AR = TR

= = =—
AR/R aY

. . R 2 2
From Eq. (i) AR —a—Y(aR pw )
3.2
AR = PR7®@
Y
= x=1
16.  (4.00)
As. 95_90:K(95+90—60j
30 2
And 55—50:K 55+50_60
70 2
7 _92.5-6
3 525-0,
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IIT-MEDICAL Major Test — 4 : Physics (Paper - 1)

So, 0y =225

If liquid cools from 50 Cto 45 Cin t second, then
50-45 _ K(50_45—90]
t 2
Using 6, =22.5and dividing, we get
t 925-225

30 475-225
k=4

= t=84s5=4x(21)s

17.  (4.00)
E at AB:%(£+€): 20 ~.Fon AB=20Ml.

E at CD :%(2€+K):3oc ~.Fon CD =30/

on BC & AD electric field is non uniform since x is not constant. But on BC & AD electric field will
have the same type of variation.
20

“Fap=Fgc = | (kdx)-%(x+€)

x=(

Al x? a3 5
=M Z x| =2 2 =2
(]2 (] 2 2

= 20AL +3orl + 2(% akﬁ)

Total force on the loop F=10aA/(
Using value F=4x10°N

18.  (3.00)
Critical angle between glass and liquid is

sing, = 4 21

(3/2) 3

Angle of incidence on AC is 60°

For TIR, i>6,= sin60° :gu

33 I3
M<T——

43 (given) so I = 3.
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IIT-MEDICAL Major Test — 4 : Chemistry (Paper - 1)

PART (B) : CHEMISTRY

19. (B)
250;(g)+02(g) = 2503(g)
2
K, =—212° _g5
(0.12)2 <5

Anocther vessel
2505,(g)+05(g) = 2803(g)

Moles at eqm. 0.5-2x =X 2%
. 20
As per given 2x =—=05=0.1
pord 100

(0.1

- =020
(0.4)(y -0.05)

Ke =

y =0.3625 mole
. massof O, added=116g

20. (C)
Non-superimposable mirror image.

21.  (A)

1

RT 0.08<300
q=0
AU =q+W
n<3R<(7, -T,) =-F,, (8-2)
0.5%3x0.08(T, —300) = —latmx 6L
(T, -300)=—-50

T, =250
Now,
2L.300 K —>8L.300K ——>8L.250K
.. 250
&S‘=HR111§ As=nC, ]113
=0.5x8.0xIn4 :0.5x3Rh1§
q
=8In2 =12In—
6
=8x2.3x03 =12[In10-1n3-1n4]
=12x2.3[log10—log3—log 4]
=2.4x%23 =12x2.3x[-0.08]
=5.52 =-23%0.96

[¥8]
[¥8]

=—2208  AS,=-
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IIT-MEDICAL Major Test — 4 : Chemistry (Paper - 1)

22. (A)
oxidation half —cell reaction

Ag(s)— Ag'(aq)+e”

Reduction half — cell reaction
AgCl(s)+e"——Ag(s)+Cl (aq)
Netcell Reaction: —
AgCl(s)——Ag™ (aq)+CI (aq)
At equilibrium : —

RT
E.=-0=E), =—mK
Il cell I'IF sp

[==

— ED ED

CriAgCliAg  — AgTlAg

and E°

cell

= -0.57V
K,, =107 %10

=3.16x107"°

23. (B)
More resonance here implies more length.

24. (D)
More resonance of lone pair of N less is the basic strength.

o

25.  (ABC)

ABC
+

26. (ABC)
Acid Base Reactions

217. (AC)
In BF; due to pr-pr back bond and existence of pi-bond in CO,.
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IIT-MEDICAL Major Test — 4 : Chemistry (Paper - 1)

28. (ABC)
0.005mole NaOH+0.00235mole Na,C0O,(0.25/106)
so H+ required = 0.0073 mole

0.00735=xx15%107
x=0.49

0.5gm (0.0059 mol)NaHCO, 1s added. so total mole of NaHCO, =0.00825

0.00825=yx25.5x10°
1 =0.323

=1.5

=
o

0736=0.32xV (L)
' =23ml

03211=0.49x¥ x107
=65.5ml

T
Il

)

29.  (AB)
2-Hydroxypropane-1, 2, 3-tricarboxylic acid

OH

CN
Br

CH,
H,C — ﬁl: —CH =CH,
CH,
0
Ph—CH - (:H—u_cm
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30. (ACD)
(B) After charge separation due to shifting of nelectron

2 aromatic ring stabilised by resonance.

2 aromatic ring more stable than (1) due to extra resonance

1 aromatic ring

1 anti - aromatic ring required more energy for charge separation

Bond rotation energy is Il > | > I
Bond rotation order Il = | > |l|

/NTB N/
(C)Et"  Et \
Least basic N N
due to amine inversion

Less basic most basic
dueto-Iof 2nd N

No amine inversion

(D) Stability of conjugate base o Acidic nature of conjugate acid
0 0

& __COOEt 5 COOEt

.

r
pt

COOEt

(stability order of C.B.)
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IIT-MEDICAL Major Test — 4 : Chemistry (Paper - 1)

31.  (6.98-7.01)
Cu” +e—Cu’
2I" -1, +2e
25,0;” = S,0; +2e
Meq.of Cu® =Meq.of liberated I,
= Meq.of Na,S,0, =12.12x0.1x1=1.212

Lo s =0.077g =y, (Cu—22 5 Cuso, |

- %Cu = 0.077 %100 = 7%
1.10
32.  (209.71 - 209.75)
Given AE = +0.21kJTmol™ =0.21x10°Tmol™
P=1=1.0x10’Pa
i
100 _ 109 em’ mol™ of CaCO,
. 2.93 2.71)
=-277cm’ =-2.77<10"°m’
SAH=021x10° —1x10° x2.77x107° =209.72

33.  (0.05)
[4g(NH,), | (ag) = Ag™ (aq)+2NH, (aq)
X+y 2x
AgCl(s)= Ag™ (aq)+CI (aq)
X+y y

In case of simultaneous solubility, 4g™ remains same in both the equilibrium

(x+y)x2’ .
K o (FHP)X — (1)
| Ag(NH;), |
Ksp:(_‘\’—‘,—l‘l')xl‘.' ...... (2]
. 2 2
K (2v) —— Given.[ NH;|=2x=1M

'K, | 4g(NH,), [ x»

I:_-L‘xg(I‘JH3 }ET=[(”F_]=_1'becauseAg+ obtained from AgCl passes in I:Ag(NHa] T

2

state.
K 1 ,  2.378x107" )

C =T 029%107 1 3 =0.539%107 =0.0539M
K, yxy =~ 82x10 ‘

Thatis, [ Ag (NH,), | =0.0539M

2
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34, (14.00)
Total 64 stereo isomers and 4 chiral carbon atoms are there.
35. (5.00)
36. (Bonus)
1 0 0
PCl, ——=PCI, -Cl,
1—a Q o
1 - =
+ q
250.2
T+a=—F—
208.5
o =0.2
Mole of PCls = 0.8, PCla Cl=0.2
0.2x0.2 1
LKe—=—
0.8 20
Now, when it transferred to 2L vessel reaction proceeds in forward direction.
PCl, ==PCIl, +ClI,
0.8—x 02+x 0.2+x
(02+x) 1
(0.8-x)x2 20
- x=0.07

Degree of dissociation = % = 0.0875(approx) =0.09
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PART (C) : MATHEMATICS

37. (B)
flo(x)]=x=[a(x ]} (x)]-1
=1'(a)g'(2)=1 [putting x = 2]

» 1+ a’

a10

Given, f'(a)= a

=0'(2
l1+a g()

2

38.  (B)
Let f(x)=ax®+bx+c>0,vxeR
=a>0
And b? —4ac <0 (1)
S g(x)=F(x)+f'(x)+f"(x)
:>g(x)=ax2+bx+c+2ax+b+2a
=g(x)=ax?+x(b+2a)+(c+b+2a)
Whose discriminant
:(b+2a)2—4a(c+b+2a)
=b? +4a® + 4ab — 4ac — 4ab—8a?
:b2—4a2—4ac:(b2—4ac)—4a2 <0 [from Eq. (i)]
~.g(x)>0Vvx as a> 0 and discriminant < 0.
Thus, g(x)>0,vxeR

39. (B)

40. (C)
From the fig., we can see that there are six points.

N

2x +y|=2
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41. (B)
3y2yi _3yr —1= yl _ -
3(y2 —1)
" _ __i _ _ 2. 12 "_
y'(-10¥2)= 21{as f(-10v2) =22} 3y?y" +6yy? ~3y" =0
. 42
V(10V2) =5

42.

43.

44,

45.

(A)
f(x) =x2 +kx +1 is increasing

x>—E ie. —Eslzkz—z
2 2

Least value of k=-2

(ABC)
The number of terms = N =676

(ABCD)
20 20 20 20 20
~(*°Co -2y +2C, - XCy ... - XCy5 |

—(19C0—(19C0+19C1)+(19C1+19C2) _____ (19(;12+19(:13))=19013 ~1o¢c,

(BD)

2[x+32] =3[x—64]
2[x]+64=3[x]-3.64
[X]=256; [o] =256

B= Qsin(zi—;ljn

. m . 3m .51t . Tn . 9 .17
=SIN—-SIN—-SIN—-SIN—-SIN—....| SIN—T
18 18 18 18 18 18

17 . T . T
AS sin——=siIn| t—— |=Sin—
18 18 18
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B =sin? ~sin? 3T 6in? 2 gin2 i 9T
18 18 18 18 18

B= (sin ™ sin T sin 7—”]2 sin( Jsm2 3r
18 18 18 2 18

B =(sin10° sin50° sin 700)2%
i 2
_(sm30°) 1
4 4
_1
256
46. (BCD)
X X X X 2sin sin(x)
coszcos—zcos—3 ......... cos— = »
2 2 2" 9sin 2”sin()
n 2n
sin X sin X

a; Xx=0
X X3+
f ) sin YT
lim ()—n In| 222 | = lim =In| —3
x—0 X Xx—0 X X x—0 X X

lim m —i——l

x>0 X2 3l 6
lime™) =e® =1; Also limf(x)=0=a
x—0 X—0

47.  (AC)

O<sin™x=xe(0,1]

If x (0,1] then sin™ x e(o,ﬂ

= In(sin™x)e (—oo, In ﬂ
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48. (AB)
L B2 1
4 2

49.  (1.07-1.10)

23 n
We have, COt[Z cot ™t [1+ > ZkH
k=1

n=1

[ 23
= cot Zcot_l(l+2+4+6+8+...+2n)}

— cot icot‘1 {L+n(n +l)}1

n=1

= cot itan‘l%}

= 1+n(n+1

[ 23 _
= cot Ztan‘1 M

= 1+n(n+1)

23
= cot Z(tan‘l(n +1)-tan! n)}
|

— cot (tan ~12_tan 11)+(tan‘13—tan‘l2)+(tan‘14—tan‘13) ...... +(tan‘124—tan‘123)}

:>cot(tan “124—tan™ 11)

S oot tant—247L | _cotf tan 1 2
1+24-(1) 25

= cot(cot‘l 515

50.  (0.50)
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=22 __5 (2
cosa 2cosa
5cot2a =
2cosa

= 10cot2a.cosa =5

51.  (0.51-0.54)
cosx(3cosx+2)(2cosx—1)=0

= x=(2m +1)£-2nni£,2knicos_l(_—2j
2 3 3

Smallest positive roots are

T T 4(—2)

—,=,C08 | —

2 3 3

Least difference between positive roots is %

52.  (25.30)
f(x)=23-

7,23
o <[1.23)

g(x) = {LX)} is discontinuous when LX) is an integer
H H

For p>23 g(x)=0 continuous Vx e R

f(x . . .
For 1<p< 23,Q becomes integer for some values of x & g(x) becomes discontinuous
il

22x23

.. sum of values of pu= =253
= A=253
53.  (1.00)
54.  (1.10)
2 2
T,="C,-r= ' r—r:r——g
2 2 2
10 2 10
3T, = zr__§ r
r=5 2 2 r=5
10 10 4 4
2 r=1 2 r=1 2 r=1 2 r=1
=110
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