DACE-IIT : MEDICAL

MUMBAI/DELHI-NCR/PUNE /NASHIK / AKOLA/GOA /JALGOAN/BOKARO / AMRAVATI /DHULE

T -JEE: 2024 TW TEST (ADV) DATE: 11/06/23
TOPIC: FLUID MECHANICS

SOLUTIONS
1. (A)
Let p, be the density of the cylinder and p,, that of water. Upthrust on cylinder

m m
(-
pC 9 pW

From Newton’s third law, the force exerted by the cylinder on water in the downward direction is

F_ Mg
()
-.Increase in pressure at the bottom of the vessel is
F _M9  \which is choice (A)
A oA
2. ©)
Let m be the mass of the ball and V its volume. Its mass m = pVthe weight of the ball is
W=mg =pVyg

The volume of the liquid displaced =V . If o is the density of the liquid, the weight of the liquid
displaced is the upthrust U it experiences.
U =Vog
.. The net downward force acting on the body is
F=W-U=(p-0o)Vg
The initial acceleration is

a:EZ (p—o)Vg
m pV

{0

Hence the correct choice is (C)

3. ©)
Let the densities of metal and water be p and p, respectively and let x be the length of the rod

immersed in water at an instant of time t. Then, acceleration at that instant = apparent weight divided
by mass of the rod, i.e

do  nr’l pg—mr’xp,g

dt nrlp
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_ 9Xpy
Ip

oo

Or d—U.d—ng(l—iJ
dx dt

=0

ol
Or od—o = g(l—ij
dt ol

Integrating, we have

Orv= ZQI(l—Zij which is choice (C)
(o}

4. (B)
Work done against gravity is
W, =mgh =(pV)xgh = pghV
Work done against pressure difference is
W, = APxV = hpgV
.. Total work done W =W, + W, =2hpgV

Power P = % . Therefore

(W _2hpgv
P P
2x(30)x(10°)x(10)x(10°x10°°)
B 10°

= 600s =10minutes

5. C
I(_e?[ h be the depth of the hole below the free surface of water (see figure)
According to Torricelli’s theorem, the velocity of efflux v of water through the hole is given by
L =./2gh (i)
The height through which water falls is
S=H-h
If t is the time taken by water to strike the floor, then
1
SZEm

1
orH—h==gt?
29

i)

giving t=
g
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The distance R where the emerging stream strikes the floor is given by
R =vt
Substituting for v and t from Egs. (i) and (ii), we get

R = /2gh x ’Z(HT_h)zz,/h(H—h)

Hence the correct choice is (C)

6. (B, C)
Due to the upward force of buoyancy on the block exerted by the liquid, the apparent weight of the
block exerted by the liquid, the apparent weight of the block will be less than 2 kg. Hence choice (C)
is correct. The hanging block exerts a downward force on the liquid (and the beaker) equal
magnitude to the upward buoyant force. Therefore, balance B will read more than 5 kg. Hence,
choice (B) is also correct.

7. (B)
Let the mass of ice be m,and the mass of stone be m, . The mass of the displaced water is equal to

(m,+m,). If p is the density of water, the volume of water displaced is
V=(m+m,)/p
When the ice melts, additional volume of water obtained is m, / p. The stone sinks in water, and

displaces a volume of water equal to its own volume, which is m, / p, where p, is the density of

stone. Thus the total volume of extra water is
m . m,
PP

V'=

Since p, > p,i< l

S

.. V'< V. Therefore, level of water in beaker decreases.

8. (B, C)
Volume of steel block =10x10x10=10°cm® =10°m?
(A) Let h,be the height of the block above the mercury surface.
Volume of mercury displaced
:(O.l—hl)xO.lx 0.1m®
.. Weight of mercury displaced
=(0.1-h,)x0.1x0.1x13.6x10°g
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10.

11.

newton
This must be equal to the weight of block which is

7.8x10° x107° xg newton = 7.8x g newton

(0.1— h,)x0.1x 0.1x13.6x10°xg = 7.8xg

Which gives h, =0.0426m = 4.26cm

(B) Let h,be the height of the water column required to just submerge the steel block. Thus weight

of the block = weight of water displaced + weight of mercury displaced
i.e. 7.8xg=h,x0.1x0.1x1000x g +(0.1-h,)x0.1x0.1x13.6 x10° xg which gives

h, =0.046m =4.60cm. Hence the correct choice are (B) and (C)

(A, B, D)
Pressure at A and B is atmospheric. Hence choice (A) is correct. For a liquid at rest the pressure at
the same horizontal level is the same. So choice (B) is also correct. Now, if P, is the atmospheric

pressure.
P. =P, +p,n,g and P, =P, +p,h,g

Since P, =Py,p;h, =p,h, or ho_p
h, p

Since, h, >h,;p, <p,. Hence the correct choices are (A),(B) and (D)

(A, D)

Relative density of metal

3 weightinair 24
"~ lossof weight in water - 24-20

Relative density of liquid
_ lossof weightin liquid
loss of weightin water

_24-19 _05 =1.25
24-20 0.4

Hence the correct choices are (A) and (D)

B,D
E:onsi)der small element of the liquid of length dr at a distance r from O. The mass of the element
m =apdr. Therefore, the outward force(centrifugal force) acting on the element is (see figure)
dF = mro’ = apw’rdr
The total outward force F acting on the liquid column of length | at that instant is obtained by
integrating this expression from r=(L—1) to r=L. Thus
2 L

L
.
F=apw’ I rdr = apw?

LI

(1)
zlapoaz[L2 —(L—I)Z] :apmzl(L_lj
2 2

2y 2
Given | =L /2. Therefore, F:M
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] :uo/— Axis or rotation

(ar
£ g [=
0 ey
(L ~)—> /
L >
Outward pressure at P is p = F_ gpco L2. If vis the velocity of efflux due to this pressure, then
a
1 2 3 2y 2
—pv° =p==poL
ZP p SP
Which gives v = ‘/§2°°"

Hence the correct choices are (B) and (D)

12.  (B,D)

Equation of continuity gives v, <vg. From Bernoulli’s theorem P, +%p02A =P, +%p023 . Since

Vg > V4, Ps < P4 - Thus the correct choices are (B) and (D).

13. (A, D)
As the aircraft moves, the streamlines of air flow curve around the wing and meet at the rear end at
the same time. Hence velocity of air moving along the upper surface is higher than that moving along
the lower surface. According to Bernoulli’s principle, the air pressure on the upper surface is less
than that on the lower surface of the wing. Hence the correct choices are (A) and (D).

14. (A, B,C,D)
2

(A) Area of piston A= D

; D =diameter of piston

d? : : -
Area of nozzle a = TCT :d =diameter of nozzle From equation of continuity AV =av

2
ﬂ=D—><V ) x0.2=5ms™

2x1. 25
(B) t_\/7 \f 10

(C) R=uvt=5x0.5=2.5m
(D) Horizontal velocity v, =v=5ms™

Vertical velocity at t=0.5is v, =g, =10x0.5 =5ms™
. Magnitude of velocity = (v + U§)1/2 = [(5)2 + (5)2} =5y2ms™

Hence all choices are correct.
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16.

(B,C)
According to Bernoulli’s theorem

p+ % pv” =constant

When the cylindrical vessel is rotated at angular velocity o about its axis, the velocity of the liquid
at the sides is the maximum, given by

v, =l
Where r is the radius of the vessel. Applying Bernoulli’s theorem at the sides and at the centre of the
vessel, we have (Figure)

p o1 vl =p 1w
S 2p5 Cc 2pC

Where p, = pressure at the sides, p, =pressure at the centre and v, = velocity of the liquid at the
centre. Now, since v, =0 ,we have
P =P, = %pof = %przwz (1)
Since p_is greater than p,, the liquid rises at the sides of the vessel. Let h be the difference in the
levels of the liquid at the sides and at the centre (Figure), then
p. P, =pgh )
From (1) and (2), we have
r’ew’
29
Hence the correct choices are (A) and (C)

pgh =%pr2(o2 or h=

(6)

4h (12— h) =R
For maximum R
R _
dh
=h=6cm
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17.  (3)

P 24kp
[T T
A A
P
mg
40 cm
* l,r.-' 5, l-
Azom” B
mg +p,A =pA
_p M9
=pP=py+ A

Given, area of A=0.4m*=0.4x10"cm? and area of B =1cm?applying continuity equation

AV, =av[V, = velocity at point A
=V, = a v
A

a
As >>>aso A very small

SV <<V
So we can neglect V, by assuming V, =0
On applying Bernoulli’s theorem at points A and B.

mg , pV pv’
+—+—2+pgh=p,+—+0
Po A 5 [8¢) Po 2

mg v
:>pO+T+0+pgh :p0+p7

mg pv?
= M9, ogh =P
A PO

2
24x10 1 000x10x 0.4 = 1000x V"

=v=3m/s

18.  (25600)
According to Pascal’s law,
E F

A A,

Initially, 2029 _M9 Q)
Al AZ
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. Mg mg .
Finally, E= AN (ii)
)
On dividing Egs. (i) by (ii), we get
100x16 1
M 16
.M =25600kg
19.  (363)

From Bernoulli’s equation

1 1
P :Epulz +pgh, =P, +§pU§ +pgh,

1 .
Pl—PZ+pg(hl—h2)=5p(og—ol2) ........... @)
Also, from equation of continuity
Av, =Ay,

A
Av, EUZ
VU, =20 cceennnnn (i)

Put equation (ii) in (i),
4100><800><10><1=%x800x(4012 —v})

4100+8000 = 400x 3v°

Vo 12100 121
' 3x400 12
/121
L, =L [
12
NOW, Q: %
6 12
x _121
36 12
X =121x3 =363
X =363
20.  (4)

Weight = Upthrust
mf =F, = 480x10 =pVg

h 100

480x10=p,e " = 480x10=p,e “OVg ....... (i)
(480— Nx10) = p'Vg

150

(480-N)10=p,e ®0Vg ... (ii)
Dividing Eq. (i) by Eq. (ii), we get
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480 6(15:;;(?0)

480-N

50 1
480 _ mes 480 _ o
480—N 480—N
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DACE-IIT: MEDICAL

MUMBAI/ AKOLA / DELHI / KOLKATA / GHAZIABAD / NASHIK / GOA / BOKARO / PUNE

IIT - JEE: 2024 TW TEST (ADV) DATE: 11/06/23
TOPIC: REACTION MECHANISM

Answer Key

21. (D)
22. (B)

23. (B)

24. (B)

25. (A)

26. (A,C,D)

27. (A, C,D)

28. (B, Q)

29. (B,C,D)

30. (B,C)

31. (A,B,C)

32. (A,B,C,D)
33. (A,B)

34. (B)

35. (A,B, D)

36. (5)

37. (9)

38. (5)

39. (28)

40. (5)
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DACE-IIT : MEDICAL

MUMBAI/DELHI-NCR/PUNE /NASHIK / AKOLA/GOA /JALGOAN/BOKARO / AMRAVATI /DHULE

T -JEE: 2024 TW TEST (ADV) DATE: 11/06/23
TOPIC: ELLIPSE

SOLUTIONS
41. (A
*.» We know that the distance between focus and directrix =4 [-. focus = (0, 0) and directrix — x = 4]
a_ ae=4
e

a[l_ljﬂl {el}
e 2
a(l—l) =4
2
= a(ﬁj =4=a= §
2 3
.. Length of semi major axis is %units.
42.  (©C)
3

cAtt== b>a
2

2a’
.. Length of laustrectum = o

2
Cot2-3t+4P |4 2

[3+5t] {3+15}
2
275 2 1
:> = —_— = —
105 10 5
43. (D)

Let the director circle is (x—h)?+(y —k)? = a® +b? origin lies on director circle
=h?+k*=a%+b” =5
Locus is x* +y® =5

44.  (A)
A, B, C are on ellipse and vertical of equilateral triangle
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Let A, b< C are have coordinates (acosé’,bsin9),{acos(9+%j,bsin(9+2§ﬂ and

ol )0+

.. we know that normal at three point from same side are concurrent
..A.B. C are concurrent

45. (B
2 2

Given equation is % Y

16
Let roots be (o, /) a=5and b=4

e= 103
25 5
~.Focus (+ae,0) =(33,0) =>a =3
Length of chord whose middle part is (%éj

-.Equation of chord T = §;

02y
x(lj y[Zj 2 5
=—|Z |+ = |= +
25\2) 16\5
x y_1
50 40 50
x y 1

S>ot+I==
5 4 5

4
—y="(x-1
y 5( )

4\ )
X2 (—5) (x-1)

By Eqa. (i) — =1
y Eq (1)25+ T

= x*—x-12=0
X, =4and x,=-3

.. Length of chord = \/(xl — % )+ (¥ — y2)2
=| (Xl_xz)\/1+m2 |

=12 :(7)2(1+Ej:4—9x41
25

25
12
:>£:49
41
~a=3and =49

.. Required equation is
x? —(3+49)x+147=0
x? —52x+147=0
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46.

47.

48.

49.

(D)
Let the coordinates of the pole of any chord the ellipse —+§ =1be (h,k)
a

Then, equation of the chord i.e. polar of (h, k) is

xh yk

20 =1

b’xh+a’yk =a’h®> ... 0
It will touch the parabola

ay” =—-2b*x

Byeq. (i) —— y h+a’yk =a’b?

= hy? - 2ayk +2ab®=0 ... (ii)

If the line (i) tangent to the parabola, then the roots of (ii) are equal
D=0

= 4a’k® —8ab’h =0

= ak® = 2b°h

~.Locus is ay? = 2b®x

(A, C)

X2 2

Given 5 P =1 and f(x) is decreasing function
f(k“+2k-5) f(k+11)

SO <) =% > X%

Now, major axis as X-axis

+ f(k®+2k +5) > f (k+11)

=k?+2k+5<k+11

=k?+k-6<0

=(k+3)(k—-2)<0

"k € (—00,—-3) U(2,)

(A C)

The tangent and normal at a point P on the ellipse bisect the external and internal angles between the
focal distances of P.

So answer are (A) and (C)

(A, C)

Let equation of common tangent is y = mx +1
m
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1

0+0+— 1
: mi__ 1
1+ m? \/E
—=m*+m’*-2=0
=>m=%1
Equation of common tangentsare y=x+land y=-x-1
X2 y2
.Equation of ellipse is —+-—=-—=1
1/2
2
e= /1—1=1 and LR= 22" _1
2 2 a
50. (A, B)
P
o y-17=2
0 ix
\ \
£+y=3
2 2
W
—+—==1a>b
= a’> b?
2 2
W
E,: —+=—==1d>c
SCE

and S: x*+(y-1)%=2
astangentto E;, E, andSisx+y =3
Let the point of contact of tangent be (x1.y1) to S
XXL YY1 (Y + Y1) +1=2
Orxxi+yyi—y=1+y;sameasx +y =3
X _nl ey

1 1 3
wx=land y, =2
P12

2\2

e PR:PQ:T

Thus by parametric form
x-1_y-2 22

-1 1 3

V22

x:§,y= andx=1,y:§
3 3 3 3

o0-(24 _(18
..Q_(3,3jandR (3,3]
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Now, equation of tangent at Q on ellipse E1 is
x2(5) N y2(4) 1

a“(3) b°(3)

On comparing withx +y =3

a’=5 and b* =4

Also, equation of tangent at R on ellipse is
>;(1) N y2(8) 1
a“(3 b
On comparing with x + y =3
a’=1and b®>=8
2

2 a 1 7
e =l-—=1-==—
7 p2 8 8
Now efezzl
P40
V7 2 2 43
=ee, =—=—and e +e; =—
PN T R AT,
27
And (e? —e2)="—
(ef —€3) 20
5. (A, Q)
2 2
Ellipse XY
4 1
Let the point of intersection of tangents at A and B be P(h,k) then equation of AB is
LUNBLE ()
PR
|
\ A
/‘ v@,k)
€ O K il
(=}
J

Homogenizing the equation of ellipse using (i)
X2 y? (xh yk T
—_t = — 4 —

4 1 4 1
h? -4 2hk
2 20,2 ..
=X +y(k°-)+——xy=0 ... i
( 16 J y (k" -1) PR (i)
Given equation of OA and OB is
X2 +4y? +axy =0 ....(iii)

Eqgs.(ii) and (iii) represents same lien
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~h*—4 k-1 hk

16 4 24
=h>-4=4(k*-1)=h*-4k*=0
= (h—2k)(h+2k)=0

~Locus is (x+2y)(x+2y)=0
Xx—2y=00rx + 2y =0

52.  (B,C,D)
S,:3x%* +4y* =1
S

171

3

S, x+y|-1=0

| X+y|El=>Xx+y==%1

And S;:|y—x|-1=0

ly—X[Fl=y-x=%1

-+ Auxiliary circle of ellipse: S, : x* + y? = a?

= X2 +y? =%:>3x2+3y2:1

Now

8, >0=3x% +3y* >1
S,<0=x+yl
S;<0=|x-y[<1

“»Required area = 4{Area of AOAB —%ﬁr2:|

53]
= (2—%] sg. units

-.Equation of director circle x? +y? =a®+b?

.

2 2

XS+ Yo =—
y 12

(b) Area=4 l—lz(lj :2—7—7T
2 4 \12 12
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(c) Area :4><%xl:2

. 1 - 1 1 T
d) Areaofregion=4| = ——x—x= |=2———
(@) g [2 43 2) 2.3

53. (A, C
X2 y? . N 12
2—5+?:1 reflected ray thus will be line joining (3,;] and (4,0)
=y-0= _?H(x—4)
Sy =-12x+48

Or line joining the points (3, _?mjand (4,0)

y—O:%(x—4):12x—5y—48:O

54. gA, C)
a (1+e cos 0) P (a cos 6, b sin 6)
a(1-ecosb)

(K

F,(-2e,0) | Flae 0)

—t
2 ae
2

‘ 2
*.We know P be any point on ellipse X—2+Z—2 =1i.e. (acosd,bsin®)
a

—

. K =(ae,0),F,(—ae,0), P(acosg,bsin 6),
PF, =a(l+ecosd), PR, =a(l-ecosé) and FF, = 2ae
RF, =2ae

X +bX, +CX,

~ a+b+c

_ a’e(L+ecosd) —a’e(l—ecosd) +2a’ecos d

- 2a+ 2ae

—=h=aecosd (D)

And k = 2aebsin g _ ebsiné i)
2a+2ae l+e

From Eqs (i) and (ii),
h? k? 2 a2
=+ > =1 ['.'cos 6 +sin 0:1]
(ae) ( eb j

h

1+e
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. . X
.. Locus of incentre is + =1

2
A? = a’e? and B? :(Ej

1+e
BZ
) =1-—
- (e)? 2
(be)?
g Qe o b® e R
(ae)? a’(l+e)? (1+e)? a’
= (ey2=1- &9
1+e
:>(e')2=£
1+e
.| 2
=e'=,|—
l+e
55. (A, B, C)
1Y 2\ 1 (5x+12y-1Y
a) Given equation is | x—— Sl Il i
@ | ( 13J (y 13J az[ 3 j

It represent an ellipse

iz<1:>a2>1:>a>1

a
(b) 4x®+9y?+8x—36y=—4
= 4(X% +2x+1)+9(y? -4y +4) =36
= 4(x+1)%+9(y—2)? =36

2 2

)T (v=2)"

9 4

ra=3,b=4and e= 1—f:ﬁ
\} 9 3

.+ (-1, 2) is centre and (1, 2) lies on major axis
.. Minimum distance =1
(c) Equation of normal at P(8) is
5xsecd—4ycosecd =25-16 and it passes through P(0, @)
-9
4cosecd

:az_—gsine
4

9
Slalk—=
4
(d) ..Length of latusrectum

— & 3b2 2

2h?
a

b2 _1 \f
T2 3 \/"
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w0S, =ae=6and OC =b Letalso CS, =a
.+ Area of AOCS, = % (0S,)(OC) = 3b

- Semi-perimeter of AOCS, = % (0S;+0C +CS))

1

—(6+a+b

> )

* In radius of AOCS, =1

1 30 =1=5b=6+a
§(6+a+b)

b’=a’-a%e?=a’-36
From eq( ii),
25h? =36+12a+a>
—2a%>-a-78=0
=a =E,—6

2

When a:E,then b:§
2 2

13 5

_-_a__b:u:i:o_z
20 20 20

57.  (0.5)
Let line OPQ makes angle 6 with X-axis. So P =(acos#,asind),Q =(bcosé,bsin) and let R(X, y)

So, X =acosd,Y =bsing

Eliminating 6 we get
2 2
XY 4

+— =
a’ b’
Locus of R is an ellipse

Also a < b so varterics are (0, b) and (0, -b) and extremities of minor axis are (+a,0)
So ellipse touches both inner circle and outer circle
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If focii are (0,+a) So, a=Dbe then e:%

1
e=vl-e’=>e’=1-e’=e="+

J2
. ... a 1
And ratio of radii is —=e=—
b 2
Given thate = V22
A= 1 =1=05
2
58. 4)
Yu
¥ Tz Ty .»
_______ . ‘F
X = -l - 1..‘ X
(_4| O)FZ (‘2. 0) (2- )
a2
yP=-16x Y2 =8
Y’VV

Tangent to P1 passes through (2F,.0) = (-4,0)

2
T ry=mx+—
1-y=m m,

m

:>m12=%

Also tangent to P1 passes through (2F..0) i.e., (2, 0)

Ty = m2x+(_—4]
m,

m,
2 _
=>m; =2
1 2
=>—+m; =2+2=4

m

59. (10)
The tangent to the ellipse is on the form

y = mx++25m? +4

Therefore, the common tangent is

y = mx++25m? +4

,r2—4
=>m= >

25—r

[
.'.A{— 25m +4,0J

m
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And B =(o, 25m? +4)
Let M (x,.y,)be the mid-point of Ab so that

_ —25m? +4

2%, =
1 m

and 2y, =+/25m” +4

= 4m?xZ = 4y?

2
X
Therefore 2y, =+/25m* +4
y2
And m? ==L
X

25V2 4+ Ay
L ayp BN
X

= 4xZ +25y2 —Ax2y?

~.Locus is 4x? +25y? =4x*y? = A =4and u =25

- =25%x4 =10

60.  (13.00)

2ae =\/(12)2 +5% =13

b2=36:>ae=§

{14, 9)

b=6
a2 =109 35, V318, 13
2 V313
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