pAc E Main Booklet Solution

IIT. MEDICAL Kinematics - |

Inchapter Exercise

1.
——aACc=s——
_S S
IiAB—E—”—BC:2—|
Given V,,, =90
V,s =60
tAB=Sﬂ
VAB
_Sl2_s
A8 60 120
V. =?=Vlet
tBC=S£—>S/2
BC
S
.. ==
BC 2V
tag +lgc =1Tac
S, 0
120 2V
Also V,, :§:>90:§
t t
S
=>t=— 2
90 — 0
_S_S .S _ 1 _2vs1
90 120 2v 90 240V
= 240V =180V +120%x 90
60V =120x90 =V =180
2.
——st—]
——s/3—}—s/3 3
_| -
—@—O0—0
V; =u
tAB:SAB
VAB
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B 3w
tap =tag Tl +1cp

S S S
= 4+ — 4=
3u 3V 3w
S [vw+uw+uv]
3 uvw

S ~ 3uww

s
Avg speed === -
t s[vw+uw+uvj UV -+ UW + Uv

3 uvw

———2s=Ac '
——~AB=s—]}—BC=5—r

® ® ©

30km
Vpg=——
B hr
S
Lae :%
Ve =V
S
tec :v
tAC tAB +tBC
J \2
10hr = i S @
30 V
Vg = Stou =40= 25
ttotal 10
(40km/hrgiven)=S=200_____ (2)
10— 200+200:> 200 —10—@
30 V Vv 3
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200 30-20
- — =
V 3

~200%3

=V =60km/ hr

(@) half the time is covered with V, and other half the time is covered with V,

I AC=St=t — |

® ® ©
| || |
| | 1 |
tAB:t/Z tBC:t/Z
VAB = V1 VBC = Vz
SAB = VABtAB SBC = VBCtBC
_ it _Vit
2 2

Sac =Sas +5g¢
e Y (V)

2 2 2
o)
2 Vi t+V,
t 2

Avg.speed =§
S 2V,
S(V,+V,) V,+V,
2V,V,

(b)
|— AC=S5t,. =t —|
® ® ©
| |1 i
Sgc S/2
Ve =V VBC:V

2
— t Sﬂ — S
ove V2V, v, 2V,

I |
| SAB:S’tAD:t I

I SABzg_“_SBD:%’tBD:tl—'
@ ® © ©
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AB:S/3 tec Z tCD:T
VAB = V1 VBC = Vz VCD = V3
t _ S _ S S.. = V..t S = Vot
AB VAB 3V1 BC BC™BC CD CD*CD
_ V,t, _ 3V.t,
4 4
Total time =t=t,, =t,; +t5 Sep = Sge +Sep
S 8S 2S V,t, 3Vt
3V, 3(V2 +3V3) 3 4 4
On solving t; ___8
3[V, +3V,]
S (V,+3V;)+8V,
3] V,(V,+3V,)
Avg speed = S = S
t S| (V,+3V,)+8V,
3 \/1(V2 +3V3)
B 3\/1(V2 +3V3)
TV, +3V, +8V,
o |
| Spg =S, =t |
t 4t
I tABZE ||_SBDzsl’tBng |
@ ® © ©
3, S
VAB =V, S :T S =Zl
ty=t/5 Vg =V, Ve =V,
Vt S 3S S S
= Spg = Vaglas == toe =2 ==L t S
AB AB*AB 5 BC VBC 4V2 CD VCD 4V3
STotaI = SAD = SAB +SBD tgp =tgc +lcp
_ﬁ+ 16V, V,t 4t _ 35, N S
5 5[3V,+V,] 5 4V, 4V,
_t[V(BV;+V,)+18V,V, | 4t s [3V,+V,
5 (3V +V. ) 5 4 V V,
16V Vit
Y 5(3V,+V,)
S

Average speed =

t
t (VL (3V;+V,)+16V,V,)
5 (3V;+V,) 3V, VY, +16V,Y,
t ~ 5(3V,+V,)
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Vboat = Vb Vdownstream = Vd = Vb + Vr
\/river = Vr Vupstream = Vup = Vb - Vr
| V,=V,+V, t,=25
' PQ=S 5
t, =5V, =V, -V,
From downstream, S, = V,t,
=S=(V,+V,)25 (1)
From upstream, S, =Vt
S=(Vb —Vr)5 I ()|

=S[V, +V,]25=(V, -V,)5
V, +V. =2V, —2V. =V, =3V,
As, S=(V,+V.)25=(3V,+V,)25=5=10V,

Due to monsoon Last

V. =2V V, =V, -V, =3V,
=V, =V, +V, =3V, +2V. V,, =V,

=5V, Sy =Vt =S
From 3 10V, = V,t,,

S, = Vit, =t, =10
S=5Vt, =10V, =5V.t,

=t, =2

u=0

V:180km/hr:180x%:50m/s

t=25sec
V—-u 50-0
a: = —
t 25
V2 —y? B 50% —0°

20 2x2

=2m/s?®

u=126 KM _126x 2 _35m/s
hr 18

V=0,S=200m
VZ-u?  0?—(35)
2S  2x200

—% =-3.0625 «Acceleration

a=

Retardation =+3.06m/s?
~V-u 0-35

t - ==
a

~ _3.06

S )

—2V,

=Vt
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10.

At=0 B C
i P t=0.2
 «—Constant — 1 retardation
i Speed ;
D H ! g E ! g
@U:Mkm/hr 1 Vg =15m/s
=15m/s ' «—
_ 2
| | a=6m/s I
[ | |
2 \/2
AB=S,, = V,,t BC=SBC=V°2VA
2 2
_15%0.2 _0-15
2x—6
12
—20=u+2[2(7)-1
S, = 0—u+§[ (7)-1]
20— u+1R (1)
2
a
Sy =24=u+§[2(9)—1]
24=u+% ©

From (1) and (2)
=a=2=>u="7

S

lsth

a 2
= u+§[2(15)—1]=7+§(29) =36m

Sznd =12 S4m = 20m

Sy = u+a(2—lj=12
2
u+a[4—l}:20
2

sa=4m/s®, u=6m/s
Distance covered in 4 sec after 5" second =S, —S;

=(6x9+%x4xa2]—(6x5+%x4><52J

=216-80=136m
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11.

4
v

Sie =3(2)+%4(2)2
S, =14m

Position =14+5=19
Ve =3+4(2)=11m/s

12.
S, _tve S,

U, =72km/hr V, =0V, =0 U, =60km/hr

—20m/s _50
3

“«—T-2

T-1— | T, s T,

«—
Aa=5m/s’ ®? a-=

=5m/s?
B

«—380m

‘§1‘+X+‘§2‘ =80

02 (20’ 250

2(-5)

S, = =40+ X+

‘280

=40m

0*~(50/3)" —250
2(+5) 9

S, =

u® 98
2p 2x9.8
iy t,=2=B o5
g 98
(iii) v? =98° —2x9.8x196
~v=75091
(iv) v=98m/s

V) _I__2_u_2><98_
g 9.8

13. (i) h,, = = 490m

20s
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14.

15.

16.

17.

18.

Assume T =+ve "y

u=19.6 m/s T '
a=-9.8m/s? u 6"’
s=-h A7
t=6sec
= —h=196x6+%(—98yq6f h
—h=19.6x6-9.8x18 |
h=19.6x3 /
=58.8m

u? 2u 2xu
Ny =—, T=— T=4=

29 g 9.8

19.62
S.u=19.6m/s h =—""=19.6m
mX 2x9.8

Height of body after 3 S=

S=19.6x3—%><9.8x32 =14.7m
Distance below highest point =19.6 —-14.7 =4.9m

Taking downward positive
Packet is going up with 9.8 m/s at a height of 39.2 m when it was released

39.2=-9.8xt+4.9t?
st=4sort=-2s, St=4s
Also v=-9.8x9.8x4=29.4m/s

For A,S, =20t —4.9t?

For B, Sz =4.9t% + 20t

Sp +Sg =40 =40t

~.1=15,S, =20x1-4.9x1* =151m

u=0,g=9.8ms>

Snth = u+a(n—1j
2

24.5=0+9.8[n —1}

2
n=3
S=0x3+%x9.8x32=44.1m
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19.

A stonel Top -~
l 20m
t window —¥— stone2
(h - 20)
(t-1)

v
/7777777777777 77777777777

1
h :0><t+5><0><t2 = for 1 stone

t=
5}

h—20=0><t+%><0><(t—1)2 for 2" stone

enef

- h=31.25m

2

20.  u=0,g=10m/s? s=45m,t="?

g \/ 10

Time taken by sound to reach to of well =3.125—-3=0.125s

Velocity of sound = 45 _360m1s
0.125

21.  Safety depends on velocity of reaching ground.

vV =,/2gh
V, =/2x9.8x2=+/9.8x4  —>Earth
v, =2x1.96xh —Planet

V, =V, =safe velocity

.9.8x4 =+/2x1.96xh
- h=10m

22,

0.4m

0.5m

window

VPC

ForAB, 04= %x 98xt,%, .1, =0.28s
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For AC, 0.9:%><9.8><t22 -1, =0.42s

Time to pass span of window
=t, —t, =0.425-0.285=0.14s

1 1 2
=ut+=0gt“ =0x3+=x9.8x3
y="ty 29 2

=44.1m
Final vertical velocity v, =0+9.8x3=29.4m/s

Final horizontal velocity v, =u

Resultant velocity makes 45 with horizontal

o V .
t,,45 =7 :ﬁ
Vv, u
Su=294m/s

lOOO:Oxt+%x9.8xt2

flOOO 100 100
4.9 7
Horizontal velocity of aeroplane

—500km / hr =500x — = 220 /5
18 9

Distance of missing

Horizontal distance covered when it strikes ground = ? 100 =1984.13m

Horizontal velocity at any instant
V, =u=9.8m/s
V, =9.8=0+9.8t

St=1s

§=90-30=60
_u’sin®0 _ 30%sin®60
29 2x98
2usin® 2x30xsin60

g 9.8

2 qi 2 o
R u“sin20 _ 30°sin120 _79.53m
g 9.8

=34.44m

u2
R0 =— =100m
g

u? =100g, u = \/100g

2
ho -4 100856

max — 29 29
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28.

29.

30.

31.

32.

_u®sin®0 ,_ 40%sin”0

H

29 2x9.8
sin20=0.306, ..sin®=+/0.306 =0.554
c0s0 = \/1—sin? 0 =/0.694 = +/0.694 = 0.833

R =

u’sin’@ 2u®sin@cosd  2x40°x0.554x0.833

g g 9.8

u?sin 60
g
? 3000x2

u
™ g 3

3000 =

= 2000+/3 < 5000m

_u?sin’0 _ 2u”sinBcosO
g g

u’sin’0
4dmax =
29

Dividing Ll
12

12

_ tano®
4
~tang=24 X0
12 50

0.8

0=tan"*(0.8)

Here H . =19.6
=39.2 ~R=784

T |

e =1tan6
R 4

tan o — 4H _ 4x19.6 1

R 78.4
2 - o
0=45 —R=U4SN0 -0,
g

:>u:19.6«/§m/s

(39.2)° xsin2 @

2x9.8
2 .2 2 2
s BT (02T

2
Adding 24+50 = (239;2)(sin2 0+ cos? 9)

x 9.
2
24 +50 = 39.2 =78.4
19.6
S H=14.2m
4+50=64.2m

=150.7m
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33.

34.

35.

2 5in? 4%sin*(90-6
R, = Sin e,R2= ( )
g g
~ u®sin(180-260) u?sin26
i g g
. Rl:RZ
H _usin®0 H _ u®sin?(90-6) u?cos?6
b2 ’ 29 29
u? uz oo
H, +H, :—<sin2 0+ cos® 6) = —, which is independent of 6.
29 29

0=90-30=60
u, =ucos60=19.6
_ 196
cos60
2

_u’sin®0 (39.2)° (ﬁ

= x| — | =58.8m
™2 2x9.8 2}

_u%sin?0 (39.2)° xsin120
9 9.8

39.2)" 3

:( x—=135.8m
9.8 2

U =39.2m/s

H

R

Speed of plane =720km/hr
=200m/s

600sin O ' 600

600cos0
200xt =600cos 0t

-.Cc0S0= %,6 =cos™* (lj

3
mxT29  2x10
=16000m
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'y

ucos53

Ly

v

S/ /S
800 = —U c0s53x 20 —5x 20°
S.u=100m/s

2 2
h_ =800+ 00 XCOS"83_gg4,

2x1
Horizontal distance travelled by bomb =uxt
=usin53x20=100x0.8x20=1600m
When bomb just strikes ground
vy, =usin53=80m/s

=-uc0s53+10x20=140
v =80i +140]
Pi =103 xloo[zo cos30i +20sin 30]}
Pf =102 xloo[zo cos 3oi}
Pf —pi =10 xlOOxZOx%] _

=1j=1kgm/s magnitude

fiom i |

Pf —Pi =—mv+/2j = mvy/2

As the projectile returns back to the ground with the same speed so K.E. doesn’t change between the
point of projection and the point where the body strikes the ground.

At highest point, v, = ucos® at y:gmax,vy2 :uzsinze—ZQh%

" _u”sin’0

max 2g

v,? =u?sin’ 0-29 u’sin®
2 29

v :usine

YW "5
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41.

42.

43.

44,

h

max

2

2 ia2
u“sin“o
= V.2 +v,? :\/uzcosze+—
\/7 ucoso
\/ u’sin?0

Resultant velocity at y =

u?cos?0+— > =
2 u? cos?
”5 u?cos?0+u?sin?0
~tan’0=3 S tan0=+/3

0 =60

Vag = Vo -V =10-6=4m/s
Vga =Ve—Va =6-10=-4m/s

t—i— 200m
V, 42X£ 30x5
18 18
_200m
20m/s

Let x be distance between drives of train A & guard of train B. ug—u, =0

~a,=1t=50,u, =0

X:0><t+%><l><502 =1250m

At instant B decides to overtake A,

V, =+10m/s
Vg =+15m/s
Ve =-15m/s
+15m/s +10m/s —-15m/s

H
|E|

3
y

“~

1000m i’ 1000m

Time C require to cross A = 1000m | S = 40s
25 |V,

In order to avoid accident , B must overtake A in time less than 40 s
~.Ugp =4B-4A=15-10=5m/s

Sga =100m

aga =a,t=4as

S:ut+1at2
2
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45.

46.

47.

48.

49.

JDOO:5x4O+%xax402
s.a=1m/s?
Let v be full speed of man. He gets into train when his speed become equal to train.

v=0+at
Sv=2t ex 1

Now th=9+(0xt+%x2xt2:| ex 2

2t> =9+12

S t2=9,t=3s
v=3x2=6m/s
$=6x3=18m

V :4;80:60km/hr, V, :4—80:4Okm/hr
A g B 12

=20 20y gy
V, 100

r

A will have moved 60x 4.8 =288km

20 = 200 10— 200
VA —Vp VA +Vp
V5 =15m/s, Vg =5m/s

(@) Sga =100,45, =50,
aga =O.'.S:ut+%a+2

..100=50x%xt..t=2s

100m
4g =50m/s
(b) Sga =100,454 =50—(—25) =75 ,a&A=0

.. 100=75xt .‘.t=gs

(N) ]
i (E)
VA:sz%h%j(Ng)
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50.

51.

Ve -Vc :T\Z/h%](N@)
~Va—Vc =V/2]

- Ve -Va=-V/2]

~.Vca isin —] i.e. south

v

Uy
i [ v
U, =Vvi u, =Vvcos0i+vsinoj

AU =Uz —Uji =i(VCcosO—V)+vsin 6]

Aul = +/(vcosO—v)? +v2sin2 @
[Au]= y(veoso-v)

—2v? —2v2cos 6

—v\/2/1—cos6

‘Aﬁ‘ _vsin?
2
4 +4
(+x)
Vertical direction < N

N S

v

Note-North south or east-west is not vertical direction
Given V. =4}, V. =3i

Last B

tan 6 = ‘Yl = E
ZE

=0=37
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-----’_i_
<

e » +X
\A V. or‘\7r

Rain without

wind ?

Direction of rain -.- of wind
Using A law of vector = V; = Vi, + V.
V. =3i-4j

c
e

yCcomp = Base

P S A,

"= x component
4™ Quad
Rain is falling an angle 6 w.r.t. vertical

t(+y)

Vertical

v

Rain is falling vertically down
V, = -20]
West East
< L g (+X)
Wind and man both are moving west to east with speed 15 m/s and 5 m/s respectively
=V =151, Vi =5i
1 (+)

Vv, =15
WE?t

<

v

, )
V, =20
Vertically down
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Direction of rain -.- of wind, speed =V,
V

Also tan6 = |JX| _b

V| 20

/l\

Rain will fall at an angle 6 wrt vertical wrt ground or stationary man
Rain wrt moving man

Vim =V =V = (15?- 20])—(5])
Vim =10i —20] «4" quad

—0=37

‘vr/mx
fano = —
‘Vr/my
10
fano =—
20
o =tan 11
2
y
H
o

7

V

r/my

<
I

r/mx

1
1
1
1,
1
1
1
1
1
1
1
1
1
1
1
1
1
v

Vem =10i - 20]
Direction of rain
wrt moving man
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53.

54,

V, cos30
=V, =V, sin30i -V, c0s30j
Vi =10i
= Vim =(V, 5in30-10)i -V, cos30j
Vim0 TV

*.» Rain wrt man(moving) falls vertically
=V,sin30-10=V, =20

v
V. cos 0
=V, = V.sin8i V. cos 6]
Vi, =8i
Hence, Vim, = (V. sin0—8)i—V, cos6j
Vimx  Vimy

Vi, =121 = Vim, =[V, sin0-12]i -V, cos6j

Given V,,, = falls vertically
=V, =V,siN0-8=0=V,sin0=8

r/myx

Given V,,, =fallsat 30" wrt vertical

@
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55.

r/m,x

—tan30 =

r/myy

V,

r/myx
. 1 = Visin6-12 =8  From equation (1)
J3 | V.coso
1 —
— = = V. c0os0 =443 2
J3 |V.cose r v3 @
(1) and (2)

2
V2sin 0+ V2 cos? 0 = (8r2 +(4J§))
V? =64+48=112

V, =47

— v, =0i

Case-1 Rain wrt moving m, falls vertically

Rain wrtground
V, cos0
V: = V. sin6i -V, cos 6]
\7m1 = 6i
= Vim, =(V, sin0-6)i-V, cos )

—_—
Vr/mlx Vi myy

It appears to fall vertically
=V, =0

r/mx

V,sin6-6=0
=V.sin6=6 (1)
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56.

Case-2 Rain wrt moving man
V,,, =12 appears to fall at 30 wrt vertical.

= \_jr/m2 = vr —\_/-m2
=(V.sin0-12)i -V, cos6]
—

%/—/
Vr/mzx V"/mzy
X Vr/m X
—tanf=—= -
y Vr/mzy

—x

In our case 0 =30
|V, sin6-12|
=tan30=————
|-V, cos 6|
1 6-12 .
ﬁ:—l/ cos(|9(.'. V,sin6=6)

V, cosO = 63 (2)

= equation 1 and 2

VZsin? 0+ V2 cos0 = (6)° +(643)
V/ (sin® 0+ cos”0) =36 +108
V2=144=V, =12

I—0X

+V.sin 0i — V. cos 6

(wrtground)
Vr
Case-| V,. =Vi= Vun, =[V,sin0-V]i-V, cos0]
%,—J
Vs =0
V,sin6-V =0
Or V.sin6=V 1)
Case-2
V,, =2Vi=V,, =[V,sin0-2V]i-V,cos6j
tan45 = Vi /myx =V from equation (1)
Viimy| T
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V,sin-2V
V, cos 0
45" with vertical

V

r/myx

V-2V
V, cos0
(1) and (2)
VZsin®0+V?cos® 0 = V? +V?
VE+2V2 =V = V42
V,sin6  V

—=tan6=1
V,cos6 V

= V. cos0=V (2)

Also

—0=45
Rain wrt ground
Case-3
Vi, =3Vi,V, =V, sin6i - V. cos ]
=Vi-Vj
:vr/mg :(V—3V)?— V] :—ZV?_V]
D

(Vix—Vin3x )i (Vry_vm3y)]

V,jm, =—2Vi-Vj

r

3 Quad
o
N
o
Vr/m3y =V
\/r/m3
—
Vr/m3x = 2V
tanoa=—=tana =2
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S57.

v V

Case-I

\_jm1 = 5’|\ j— Vr/m1 = —5i _Vr]
(R—

3rd

tan45 = i
V

r

Vi =5 S )
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JEE-Main Exercise

(a)
F=xi+yj+zk .. r:»\fx2+y2+22
r=62+82+10% =102 m

(©
From figure, OA=0i+30j, AB=20i+0 j

BC =—30+/2 c0s45°%1 —30~/2 sin45° ) =-30i-30 ]
~. Net displacement, OC = OA+AB+BC =—10i+0j
|OC|=10m.

(b)

Total time of motion is 2 min 20 sec = 140 sec.

As time period of circular motion is 40 sec so in 140 sec. athlete will complete 3.5 revolution i.e., He
will be at diametrically opposite point i.e., Displacement = 2R.

(1204)
An aeroplane flies 400 m north and 300 m south so the net displacement is 100 m towards north.
Then it flies 1200 m upward so r = \/ (100)2 - (1200)2

=1204m

The option should be 1204 m, because this value mislead one into thinking that net displacement is
in upward direction only.

(b)
Distance average speed = —v1V2 _ 2x25x4
Vi+Vo 25+4

= 200 = 40 km / hr
65 13
(d)
Total distance X
Average speed = - =
Total time t1+1t,
X 1
TXI3_2x/3 1 5 =36km/hr

+
Vi Vo 3x20 3x60
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10.

11.

12.

13.

(©)

Total distance to be covered for crossing the bridge
= length of train + length of bridge
=150m +850m =1000m

Distance 1000
= — = =80sec
Velocity 45, S
18

Time

(c)
Displacement of the particle will be zero because it comes back to its starting point

Average speed = Total distance _ 30m _ 3m/s

Total time  10sec

(d) |
VelOCity of pal’ticle _ Total dlplacement

Total time
_ Diameter of circle  2x10

5

=4m/s

(d)

A man walks from his home to market with a speed of 5km/h.Distance=2.5km and time

= d = % = % hr. and he returns back with speed of 7.5km/h in rest of time of 10 minutes.
Y

Distance = 7.5x£ =1.25km

Total distance
Total time

_ (2.5+1.25)km =£k
(40/60)hr 8

So, Average speed =

m/hr.

(©)

From given figure, it is clear that the net displacement is zero. So average velocity will be zero.

(d)
Length of train = 100 m

Velocity of train=45km/hr = 45><% =12.5m/s

Length of bridge = 1 km = 1000 m
.. Total length covered by train = 1100 m

Time taken by train to cross the bridge = % = 88 sec

(60)
vi+Vvy  80+40
2

=60km/hr .

Time average speed =
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14.

15.

16.

17.

18.

19.

20.

(53.33)
Distance travelled by train in first 1 hour is 60 km and distance in next 1/2 hour is 20 km.

So Average speed = Total distance 60+ 20

Total time  3/2
=53.33km/ hour
(4)
Time average velocity = -1 +V32 Vs _ 3+:+5 =4m/s
(1.0)
Let initial velocity of the bullet = u
After penetrating 3 cm its velocity becomes 4 Target
2 u A _____B_u/z v=0
From v? =u® —2as <x=> €
2 >
u 2 3cm
—| =u"-2a(3
(2) 3)
3u? u?
> ba=— > a=—
4 8

Let further it will penetrate through distance x and stops at point C.
For distance BC, v=0,u=u/2,s=x,a=u’/8

(a)
3 d?s
S=kt” . a:—2:6kt ie. aoct
dt
(b)
Let uq,up,u3 and u, be velocities at time t=0,1ty, (t; +ty) and (t;+t, +t3) respectively and
acceleration is a then v; = ulzuz , Vo =UZ—J2ru3and V3 = U3 U4

Also Up =Uq +aty, Uz =Ug +a(t1+t2)
and Ug =Uq+a(ty +ty +1t3)
vi—Vvy _ (i +1p)

By solving, we get
Vo—v3  (tp+13)

(d)

v=u+at=10+2x4=18m/sec

(©)
If particle starts from rest and moves with constant acceleration then in successive equal interval of
time the ratio of distance covered by it will be

1:3:5:7 ... (2n-1)

i.e. ratio of x and y will be 1:3 i.e. 5:% - y=3x
y
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21.

22,

23.

24,

25.

26.

27.

(a)
S, =u +%[2n -1]

Sy =7+ 2[2x5-1]=7+18=25m.
5 2

1)

Distance travelled in 4 sec
24=4u+%ax16 ...(1)
Distance travelled in total 8 sec
88=8u+%ax64 ...(ii)

After solving (i) and (ii), we get u=1m/s.

(180)

Soc u?. If u becomes 3 times then S will become 9 times i.e. 9x 20 =180m

(d)

Total distance =130+120=250m
Relative velocity =30-(-20)=50m/s
Hence t =250/50 =5s

(b)
Relative velocity of bird w.r.t train=25+5=30m/s
210

time taken by the bird to cross the train ¢ = S0 =7 e

(d)
Relative velocity
=10+5=15m/sec

150

t =10 sec

(a)
V, =10(-i) N(j

2

Vg =10( j)

2 :\ 100 k
Vg, =10] +10i o LRt 4

Time for shortest distance 100 km S
100/+/2

102

Vg = 1042
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28.

29.

30.

31.

32.

33.

(b)
Velocity at the time of striking the floor,

U=.2gh =+2x9.8x10 =14m/s

Velocity with which it rebounds.

v=./2gh, =\/2x9.8x25=7m/s

.. Change in velocity Av=7—(-14)=21m/s

- Acceleration =ﬂ=£=2100 m/s® (upwards)
At 0.01
(©)
——gt :>t— 2h/
/ and t, = ,
(a)

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

h :ut+%gt2 :44.1:0xt+%x9.8t2

2x44.1
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

=3sec

Hence 44.1=ux?2 +%9.8(2)2
=441-196=2u=u=12.25m/s
(d)

The separation between the two bodies, two seconds after the release of second body

=%x9.8[(3)2 _(2)*]=245m

@
h :%gtz :%xle(4)2 —80m

(©)

Force down the plane=mgsin©0
- Acceleration down the plane =gsin©6

Since | = O+%g sin Ot*

2l 2h 1 |2h

t? = = =>t=— |—

gsind gsin?0 sin6\ g

Website: wwwe.iitianspace.com | online.digitalpace.in


http://www.iitianspace.com/

34.

35.

36.

37.

38.

39.

40.

(b)
4u?

v =u’+2gh = (3u)’ =(-u)*+2gh=>h=—
g

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

hl:%a_t2 :%><4.9><22 =9.8m

Velocity of the balloon after 2 sec
v=at=49x2=98m/s

Now if the ball is released from the balloon then it acquire same velocity in upward direction.

Let it move up to maximum height h,
v =u’-2gh, = 0=(9.8)>—2x(9.8)xh, .. h,=4.9m

Greatest height above the ground reached by the ball=h +h, =9.8+4.9=14.7m

(b)

Let h distance is covered in n sec

1 )
— h==gn?
29 (1)

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

:2—2:%(%—1) -..(ii)
From (i) and (ii), h=122.5m
(a)

Horizontal velocity of dropped packet =u
Vertical velocity = «/Zgh

- Resultant velocity at earth= w}uz +2gh

(a)
Sn:u+%(2n—1);when u=0,S,:S,:S,=1:3:5

(b)

It has lesser initial upward velocity.
(b)
S= Ut+lat2 =O+lat2

2 2

Hence, t oc \/§ i.e., if S becomes one-fourth then t will become half i.e., 2 sec
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41.

42.

43.

44,

45.

46.

47.

48.

(@)

Distance between the balls = Distance travelled by first ball in 3 seconds — Distance travelled by

second ball in 2 seconds = %g (3)° —% g(2)?*=45-20=25m

(a)
When the stone is released from the balloon. Its height h =%at2 =%x1.25x (8)° =40 m and velocity

v=at =1.25x8=10m/s
Time taken by the stone to reach the ground

tzl 1+ 1+@ =E 1+ 1+M =4 sec
(10)

g v 10

(b)
g 10
h, :E(Zn—l) = h, =?(2><5—1) =45m.

(6)
Time of flight = 2% = 29 _g ¢ec
g 32

(4)
Total distance = % ot’ = % g

Distance moved in 3 sec = % g

Remaining distance = ? g

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

16 1,
=—g=—0gt" =>t=4sec
29 Zg

(30)
If u is the initial velocity then distance covered by it in 2 sec

S:ut+%at2:ux2+%x10><4:2u+20 ...(0)
Now distance covered by it in 3" sec
S, :u+%(2x3—1)10:u+25 .. (i)

From(i) and (ii), 2u+20=u+25=u=5
S=2x5+20=30m
(65)
Speed of stone in a vertically upward direction is 20m/s.
So for vertical downward motion we will consider u=-20m/s
V2 =u®+2gh=(-20)*+2x9.8x200=4320m/s .. v=65m/s.
(80)
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49.

50.

51.

52.

53.

54,

55.

56.

Mass does not affect on maximum height.

u2

H=—=Hou’,
29

So if velocity is doubled then height will become four times. i.e. H =20x4 =80m

(5)

The distance traveled in last second.

S

Last

and distance traveled in first three second,

S

Three

:O+%x9.8x9:44.1m

According to problem S S

Last = Three

=49(2t-1)=441=2t—-1=9 =t =5 sec.

(200)

H__ ocu?, It body projected with double velocity then maximum height will become four times i.e.

max

200 m.

(©)

Due to constant velocity along horizontal and vertical downward force of gravity stone will hit the

ground following parabolic path.

(©)

—u +%(2t 1) :%x9.8(2t _1) =4.9(2t-1)

Because horizontal velocity is same for coin and the observer.

So relative horizontal displacement will be zero.

(©)
Horizontal displacement of the bomb
AB = Horizontal velocity x time available

AB=ux |2 —600x 2« [21960 _ 3335,
g 18V 98

(b)

S=UX\/E:100>< /2X490 =1000m =1km
g 9.8

()

(b)

The horizontal distance covered by bomb,

BC = v, x @:150/2”30 =660m
g 10
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S57.

58.

59.

60.

61.

62.

63.

(@)

Horizontal component of velocity vx= 500 m/s and vertical components of velocity while striking the

ground.
v, =0+10x10=100m/s

.. Angle with which it strikes the ground.
6 =tan! % :tan_l[@j:tan—l[lj
v, 500 5

(a)
Horizontal component of velocity
v, =25c0s60°=12.5m/s

Vertical component of velocity
v, =25sin60° = 125V3m/s

50m A X
Time to cover 50 m distance ¢t = % = 4dsec

The vertical height y is given by

y:vyt—%gtz :12.5\/§x4—%x9.8><16:8.2m

(a)
1

For vertical upward motion h:ut—Egtz
5- (255in9)x2—%x10x(2)2

— 25 =50sin 9:>sin9:% — 9-30°

u=500m/s

500 m/s

Ke

100 m/s

Acceleration through out the projectile motion remains constant and equal to g.

(d)

(©)

T|me Of ﬂlght: 2usin@ - 2x50xsin30 — 5
g 10

(©)

Became vertical downward displacement of both (barrel and bullet) will be equal.

(b)
B u? sin 26 B (500)% x sin 30°
g 10

R =125%x10°m
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(@)

T _ 2usind u= 129 _ 298 1565
g 2sin@ 2xsin30
(a)
uZsin2g 2usin®
H-= and T=
2g

So H u?sin?6/2g - )
T2 4,22 2@ a4
T° 4u®sin®d/g” 8 4

(a)

For complementary angles range is same.

(d)

R=4Hcoto, if R =4y3H then coto = V3 = 0=30°
(c)

Hmax = u?sin? 6

2g

i 2 .. 2 o 2 . 2 o
According to problem  4sin"45° _ 5‘2“ 60
g

2
U sin? 60°

i_\/§/2_ 3

69.

70.

71.

72.

(45)

= = — ==
u22 sinf45° T u, 1/42 2

R=4Hcotd, iIf R = 4H then cotd=1= 0 =45

(200)
u®sin20

B g

i.e., 4x50=200m

R

®)
M =2sec = usind =10
g

CH- u®sin? @ :Q:Sm

' 2g 2g
10\/5 m/s

a4
Y

Vperson =10 I

rain, person = 20]

rain, person Vrain - Vperson

=R« u? S0 if the speed of projection doubled, the range will becomes four times,
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73.

74,

= 20j= V pain -10i
in =10i +20]
|Vrain | = 10\/g m/s

=V

2/2 km/h, 45° with vertically away from the man.

vy =(2km/h)i

Vg = Vg Sin0i + Vg cos 0

X

Ve
Y
Vem =VR = VM
= (Vg $iN0—2)i+Vg cosO]
Since, rail appears to fall vertically,
VgsSin6-2=0
= VgsSiNO=2
vy =4i
Vg = 2i+Vg €OSO

Vpm =—21+VgC0SO ]

tan ¢

= VRC0s0=2

:chosez1

Vi = 2i +2]
=22 km/h, at 45° with vertical

20 km/h

- l-"lr,'

14
V, =V, 5in30°i +Vv, cos30°]

Vy, =10i

Vem =VR VM

= (Vg $in30°-10)i + v cos 30°

Since, rain appears to fall vertically
Vg Sin30°-10=0
= Vg =20km/h
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pAc E Main Booklet Solution

IIT. MEDICAL Kinematics - 11

Inchapter Exercise

1. X = 4t> — 15t + 25
v=d—u=8t—15
dt

9--I_g

dt
Att=0, =25m, v =-15m/s, a = 8m/s?
v=0means8t—-15=0 .'.t=§:1.8753

Acceleration does not depend on time. So, it is constant
2. v=2t2+5

t1=2s,vi1 =12 cm/s, to = 4s, v> = 37 cm/s
Change in velocity = v2 — vi= 37 — 13 = 24 cm/s

(ii) Avg. acceleration = \:2 _:1 3718 oemys?
271 -
(iii) Instantaneous acceleration
dv d 2
A= —=—(2t"+5) =4t
"= dt )

t= 4s,a=16 cm/s?

3. t=Jx+3, JIx=t-3
Xx=({t-3)2=t2-6t+9
v:d—u:Zt—ﬁ

dt
v=0=2t-6=0, -.t=3s
x=(t-3)%att=3s,x=0

4, X =2 -5t +6t?
du
V=

—=-5+12t
dt
5. v=d—u=8+14t
dt
As=14
Att=23, v=8+14x2=36m/s
A=14
du
6. V=E=180+100t,a:100
Att=0, v =180,

Att=4s, v=580
Att=4s,a=100
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vm

v7T
25m
75m
4 t,
a=Ym _1m/s?
1

vmt, =150 .. v,, =t, =150 =56
Now, for 1% 50m a = 1m/s?

ha= %xlxt2 t= 100

20m/s .

;40m/s

t,=10 t, b

%xZOxt1:4O

t3=4

Now ans under graph
2

@ +14) 20 = 640

. t2 = 25

Total time =10+ 25 + 4 = 39s

Accel 20 _ 2m/s?
10

=2 _5mys?
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vm
600m
900m
4 t,
2-YM Lymt, 900
Vm
-t =30s, Vm =60m/s vmtz .. t, =10s,a = < - 2m
1

Now, at centre of track S = 750 and motion : uniformly

10.
V=20 m/s
t t, t t
01=29 . t, = 200s
t1
0.2:m,t3:£ =100s
tl 0.2

Now 5000 = [th + 200+100}>< 20

t, =1000

st + o+ t3=400s
11.

t,=10 m/s t,=15\n/s

t,=10 m/s t,
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12.

vl
¢

Yol —u?t = o e (1)

(1)) (or+oh,r)t2:m
(v+u)t, =0 .(2)

W/@) = L= o
t, \v-u

13.

-
\/ . Uﬁih}
UFJ-'J ) Pn'ﬂ'
Vp,wsing = Vo
= sin6=—
15

14, ®=400m
v, =2m/s
v, =10 m/s
(@) thin = @ _405
Ub, r
(b)  drift =(v,)t=80m
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15.

16.

@) t=

o  05km 10
Uy rsing  SKM/hrsin® sin®

(\;L,}u'na Gl.m
/{’ \

(b) t i, =10 mins

n

o=0.5km
v, =5km/hr
vy, =3 km/hr
. . . Vb,r 3
For min drift = sin® = :§:> 0=37°
Vv

n
WV >op
Zero drift not possible.

Min. drift = (v, —v, ,sin6) —2im

mins

JEE-Main Exercise

V,,, €0sO

\ Uhm(BW

\J'mﬂ )
v

U, 9t n

(©)
. d*x

Acceleration = o 2a,
(d)

Velocity along X-axis vy = :I_)t( = 2at

Velocity along Y-axis vy = ?j—i’ = 2Dt

Magnitude of velocity of the particle,

v:4,v§ +v§ =2ty/a® +b?

(c)

v = (180-16x)Y?2

Asa=dv_0v dx
dt  dx dt
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1 _1/2 (dxj
a==(180-16x ~16) | —
= )2 x(-18)|
= -8(180-16x) Y2x v

— —8(180-16x) Y2 x (180 -16x)2 __gm/s?

(©
. dv
Acceleration a = m =0.1x2t =0.2t

Which is time dependent i.e. non-uniform acceleration.

(©)

vX:d—Xzi(stZ—et)zet—e.Att:1,vX=o
dt dt

vy = ay _ d(t2 2t)=2t-2. At t=1 v, =0
dt dt

2,2
Hence v =,/vy +vy =0

(©)
y:a+bt+ct2—dt4

.-.v=d—y= b+ 2ct —4dt3 and a=d—V=2c—12dt2
dt dt

Hence, at t = 0, Vinitial = b and ainitial = 2C.

(b)
1
2 27,
> 2 d2X d2y 2
a= aX +ay = —2 + —2
dt dt
2 2
Hered—gzo.Hence a:d—;(:8m/s2
dt dt
(©
2
X _oat—3pt2 = 97X s gbt=0=t= 2
dt dt? 3b
(b)

. Distance ~ 3.06
Time = =9sec
Average speed - 0.34
Change in velocity  0.18

Time

Acceleration = =0.02m/s?

Website: wwwe.iitianspace.com | online.digitalpace.in


http://www.iitianspace.com/

10.

11.

12.

13.

14.

(d)
S =3t3 +7t2 +14t+8m

2
a:d—25=18t+14 at t=1sec = a=32m/s?
dt
(22)
v =4t -2t (given) - a:%:lztz—z

and X=I;vdtzj(;(4t3—2t) dt=t* -2

When particle is at 2m from the origin -t =2
St t2-2=0 (t?-2) (t?+1) =0 = t=+/2 sec
Acceleration at t=./2 sec given by,
a=12t>-2=12x2-2= 22m/s>

(18)
v=u+j adt=u+j (3t2+2t+2)dt

3 2
2
:u+%+%+2t=u+t3+t2+2t

=2+8+4+4=18m/s (As t = 2 sec)

)
3t =/3X +6 = 3x = (3t — 6)°

— X =3t2 —12t +12

v=z—)t(=6t—12,for v=0,t=2sec

X =3(2)% -12x2+12=0

(45)

a=6t+4
dV \' \"

= —=6t+4 = J'dv:'[(ﬁt+4)dt
dt 0 0

= [v]‘é=[3t2+4t];

= v=0=3t2+4t

— v=3t2 +4t

v X g
dt

t

= fdx:j(3t2+4t)dt
0 0
g

=

—

x]g t3 + 22 )0
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15.

16.

= x—0=t3+2t?
= x=t3+2t?
At t=3 x=45

<

Tt+6
30

When v=3 = —=3
t+6

t+6=10
t=4s

3)
s=+at’> +bt+c

v—%— 2at+b
dt \/at2+bt+c

Acceleration = %
dt

(M)(Za)— (2at+b)(2at+b)

= Acceleration =

2\at® +bt+c

2
(\/at2 +bt+c)

4a(at2 +bt+c)—(2at+b)2
= Acceleration =

Z(at2 +bt+ c)gl2
4ac —b?

(\/at2 +bt +c)

Acceleration oc s7°

—> Acceleration =

= (4ac—b2)s‘3
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17.

18.

19.

20.

21.

22,

23.

24,

(b)
Distance = Areaunder v—tgraph = A +A, + A, + A,

30

20

10

Velocity (m/s)

PA L)

A1 E EA3E As
1 2 3 4
Time (Second)

=%x1x 20+(20x1)+%(20+10)><1+(10><1)

=10+20+15+10=55m

(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.

(@)

Distance = Area covered between graph and displacement axis = % (30+10)10 = 200 meter

(d)
Because acceleration due to gravity is constant so the slope of line will be constant i.e. velocity time
curve for a body projected vertically upwards is straight line.

(©)
v2=u?+2aS, If u=0 then v S
i.e. graph should be parabola symmetric to displacement axis.

(a)

This graph shows uniform motion because line having a constant slope.

(©)

From acceleration time graph, acceleration is constant for first part of motion so, for this part
velocity of body increases uniformly with time and as a = 0 then the velocity becomes constant.
Then again increased because of constant acceleration.

(©
From given a—t graph it is clear that acceleration is increasing at constant rate
" 3—? =k (constant) = a =kt (by integration)

= ﬂ=kt = dv = ktdt
dt

:j dv:kj tdt = v:g
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25.

26.

217.

28.

29.

30.

i.e. v is dependent on time parabolically and parabola is symmetric about v-axis.
and suddenly acceleration becomes zero. i.e. velocity becomes constant.
Hence (c) is most probable graph.

(©)

. . 1
In first instant you will apply v=tan0 and say, v=tan30° = ﬁ m/s.
But it is wrong because formula v = tan @ is valid when angle is measured with time axis.
Here angle is taken from displacement axis. So angle from time axis =90° —30° =60°

Now v = tan 60° = /3

(b)
Between time interval 20 sec to 40 sec, there is non-zero acceleration and retardation. Hence distance
travelled during this interval

= Area between time interval 20 sec to 40 sec

- %x20x3+20><l =30+ 20=50m,

(0)

Since total displacement is zero, hence average velocity is also zero.

(B)
1km
Vi —Vir = 1
—h
4

= |[5°-V; =4

= Vg =3km/h

(B)
d

Lo YR _ging
T, d

(Vg )Sin®

(©)

¢ d

Vyr SINO

= VMRsin9=6—£=10 m/s

Vg SINO
tang=—"R"—~
Vg + Vg COSO
R — —
5+Vyg COSO
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31.

32.

33.

34.

35.

= Vyr C0SO=5

Vyr = V102 +52 =55 m/s

(B)
Vg = (4.5km/h)]
Vg =(6km/h)i

Vy =Vyr + Vg = (4.5j+6f)km/h

Vi =(J(4.5)2 167 jkm/h :%km/h

(d)

For the round trip he should cross perpendicular to the river

1km
km/hr

*. Time for trip to that side = 1

To come back, again he take 0.25 hr to cross the river.

=0.25hr

Total time is 30 min, he goes to the other bank and come back at the same point.

For shortest possible path man should swim with an angle (90 + &) with

(c)
downstream.
From the fig, sinH:v—’:%:% - 6=30°

m

Velocity of car w.r.t. train (v,) is towards West — North

w

VR
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PYO : JEE-Main

(b)

From AAOB
AB OB
sin135  sin22.5
_sin135
sin22.5
_ sin(135) arc(AB)  sin(45) ><60><4
sin(22.5) 3n sin(22.5)  3n
4

OB

=47m

(b)

Given, v = b\/;or?j—);: b xY?

X t X]JZ b2t2
Or Jx’”zdx:jbdt:—zbt:x:—
. d 1/2 4

Differentiating w.r.t. time, we get

2 2
OI—XZbZtorv:E (t=1)
dt 4 2

(b)
Graphs in option (c) position-time and option (a) velocity- position are corresponding to velocity-
time graph option (d) and its distance-time graph is as given below. Hence distance-time graph
option (b) is incorrect.

distance

—

| time

(b)
We have, r=3ti +5t%j+ 7k

d?r A
So, — =30t
dt? )

d’r Al - .
Att=1:>F=BOJ:>a=3Oj
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(a)
At t=20sec

V, =at=5x20=100m/s

At t =1sec

[ - After falling there is not acceleration in horizontal direction]
:(O+g><l):lO><1:10m/S

So, V =100i —10j

Y
X
(©)
Time of fall of packet
Horizontal range = time x horizontal component of velocity(v)

..Required dlstance

=x%+h?

D
h )

= ( —VJ +h?
g

2
Or, D= 2hv +h?
g
Helicopter
(b)

Given: u=5jm/s

Acceleration, a =10i +4] and final coordinate (20,y,) intime t.

S, :uxt+%axt2 [ u, =0]

:>20=0+%x10xt2:>t:2s
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10.

11.

1 .2
Sy :Uth+ant
1, .2
Yo :5X2+§4X2 =18m

(d)

Given, Position vector,
I =cosoti +sin wt j

Velocity, v = % = co(—sin oti +Cos mt])

Acceleration,

g d o . ~

a=—Y = 2 (coswt i +sin (Dtj)
dt

a=-w’r

-.a is antiparallel to r
Also vr=0.vLlr

Thus, the particle is performing uniform circular motion.

(d)
r =157 +(4-20t%) ]

§ﬂ=30ti—40t]
dt

Acceleration , a = Z—r =30i — 40]

-.a=+30%+40% =50

(c)
From given equation,
V=K (yf + x])
ax _ Ky and dy _ KX
dt dt

dy

dt _x_dy
Now —==—=— dy = xdx
dx "y dx:yy

dt
Integrating both side

y?=x%+c

(d)

Equation of trajectory of projectile

gx? 1 10x?

y:xtane—1 =xtan45 —=

2 u%cos?0 2 u?cos? 45
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12.

13.

14.

15.

2
Ly w10 1020 3000) o

ZUZG) :
2usin6 _ (2)(20) _ 2\2

Time period, T = =

g +2(10)

V= ucose?+(usine—gt)] = [10x/§f+(10\/§—10\/§)}]

Momentum P = Mv =100+/2i +(100J§ - 200)]

(c)
Projection speed is v.

vZsin(90° vZsin(60°
L Vsin(e0) _visin(e)

g g

R 2
R, B
(d)

As range and maximum height are equal
R=H

2
:>2vx—vy _vy,
g g
Vv :
:>Vx=7y:>ucosezwz>tane=4
(©)
2 qin?2
ussin“o 2
As, H = oc——0
b 29 sin’
1 sinB, U,
sin6  sin6;, u,
:>sin61=ﬁxsin62=£x£=i
Uy 32 2

So, 6, =sin™" [ij =45’

2

(@)

R u®sin20
g

For, R =R .«

sin20=1= 29:%
n u?
e:Z’SORmaX :EleOm
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16.

17.

18.

(b)

0snaA /r=10sec *

F

l-Ol Weos a
v, =20cosa[a, =0]
v, =20sina—gxt [ ay :—g]

=20sina—-10x10

=20sino—100
A% i —

So, tanB:_y zwztana_SseCa
Vy 20cosa

(a)

We know that if range is same for two angle of projection, then these angles must be complementary.

Let first angle of projection be '6' then second will be (90—6)

2 6in? u®sin?(90—06) u? cos?
< p, = U7sin eandhzz ( ) _ucos®0
29 29 29
2 ain? 2 2
h1h2:u > e’u e0s e,So, reason is correct
29 29
2 a; 2 .
— Jnm, _u 5|n60059:>4 hh, _4u”sinBcosH
29 29
2 (9qj 2 qin2
u®(2sin©cosO
= a4y = ) oy a i, -0 _ g

g g
So, assertion is correct

(d)
At maximum height inclination with horizontal be comes zero
So, t=USIN0 _\,_ 9 )

g sin@
Now, R=ucosOxT =R =ucos0x2t
:cose:i:cosez R§|ne [From (i)]

2ut sin@

2 2
:>tan6:29—t:>tan6=£:>cot6:l2
R R 20t

Website: wwwe.iitianspace.com | online.digitalpace.in


http://www.iitianspace.com/

(b)

For projectile motion,

2 .
Range R = M
g
As range is same for angle of projection 6 and 90—0. So, range is same for 42° and 48" .
u?sin0
Height in projectile motion, H = 5 —Hosin?0
g

So H is higher for 48" than H for 42°

(d)
Given: y = ax —px?
For maximum height, maximum value of y

dy _,_ d(ex=p<)

—0=a-2Bx=0
dx dx
x=2
2
e &) o) (2] ()
Y= e T\ ) ) T
So,Hmaxz(x—2
ap

Hence option (D) is correct answer.

(a)
Using principal of conservation of linear momentum for horizontal motion, we have
2mv,, = mu +mu cos60’
_3u
4
For vertical motion

A%

h=0+lgT2:>T= 2h
2 g

Let R is the horizontal distance travelled by the body.
R= \/XT+%(O)(T)2 (For horizontal motion)

2
R:VXT=3—U>< 2—h:>R=3\/§u
g 89
(©

Given, y = 2x —9x>

On comparing with,
2

(0),4

—xtano-——>2 |
y 2u2 cos? 0

We have,
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23.

24,

25.

tanezzorcose:i

N3

g =9 or 10

2u® cos’ O 2u2(1/J§)2 -

s.u=5/3m/s

And 9

(d)
R will be same for 6 and 90" —0
Time of flights:

f = 2usin© and

g
2U Siﬂ(goo _e) 2u Cose
t = =
’ g g

2usin®)( 2ucosO®) 2(u’sin20) 2R
Now, t;t, = g ; 25 . :?

(a)
On an inclined plane, time of flight (T) is given by

2usin®
gcosa
Substituting the values, we get
(2)(2sin157)  4sint5
gcos30”  10cos30°

T=

Distance, S= (2c0515° )T —%g sin30°(T)°

16sin%15

=<2c0515°)— 100c0s?30°

1010cos30°

4 sinl5 _(1

~x10sin 3o°]
2

= ]Ng—o_m =0.1952 = 20cm

(a)
2 .-
As we know, range R = u“sin26

And , area A = ntR?
~AcR?or,Accu®
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26.

27.

28.

29.

.ﬁ_u_f_H“_i
A, u; 2] 16

(b)

Given, t:\/;+4

= x=(t—4)" =t? -8t +16

:>d—X:2t—8:>d—X =2x4-8=0
dt dt|,_,

(©)

Let initial velocity of bullet =u
Final velocity of bullet = %

Distance travelled by bullet, s =4cm
Using, v? —u? = 2as

:{%jz =u*-2a(4)za=—<=—

Using v? —u? = 2as again
0=v*-2a(4+x)

2
= V7 :2[%}(4+x):>4.5=4+x:>x=0.5

(©)

In ‘t” sec, S=10m
So, 10= %atz ....... Q)

In next, ‘t” sec, suppose body travel S’ distance
Then, 1O+S':%a(2t)2 ....... (i)
Dividing (ii) by (i), we get

1048 1045240 = S'=30m

(d)
For bus P

X, (t)=at+pt?

dx
V, (t)=a+2pt [ v, =—p}
For bus Q

Xq (1) =[t-t?
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30.

31.

32.

dx
V, (t)=f —2{-: V, =d—t“}

As, Vp(t):Vq ()=>oa+2pt=Ff-2t
—o—f=—2Bt—2t=f—o=2Bt+2t
f-a

(2B+2)

(b)

We have given,

Vv = at +pt?

:%zatﬂ}tz :Tds:i(auﬁtz)dt

S, 1
2
at?  pt
= 52 _Sl = T-F?
1

As particle is moving in a straight line,
.. Distance = Displacement

4-1 8-1

.. Distance = a[ ]+B[ ] :3_a+m
3 2 3

(©

For time interval t,

vy =Ug +agt

For time interval t,
a,

t
. altl = a2t2 Or, L =
b &

(b)

X =at +bt? —ct®

Velocity, v = ax _ i(at +bt? + ct3)
dt dt

—a+2bt —3ct?
Acceleration, av _ E(a +2bt —30t2)
dt dt
Or 0=2b—-3cx2t t:(£]
3c
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2 2
and v=a+2b(£j—3c[£} = a+b_
3c Ko 3c

(d)

For constant acceleration, there is straight line parallel to t-axis on a—t

(d)
Position of the particle,
S = area under graph (time t=0 to 5s)

:%x2x2+2><2+3><1=9m

(b)
2

A%
Here, sS=— =S v
2a

2

i 80
=S, :Sl(\’_zj =8, = 40[—) =5, =160m
\% 40

(©)

Using equation, a = % and S= ut+%at2

45
Distance travelled by car in 15 sec = %%(15)2

675
=—m

2

Distance travelled by scooter in 15 seconds =30x15 = 450
(.- distance = speed x time)
Difference between distance travelled by car and scooter in 15 sec, 450—-337.5=112.5m
Let car catches scooter in time t;
% +45(t—15) =30t = 337.5+ 45t —675 =30t =15t =337.5

=t=22.5sec

(a)
Let the car turn of the highway at a distance ‘x’ from the point M. So, RM =X
And if speed of car in field is v, then time taken by the car to cover the distance QR =QM—xon
the highway.
QM —x .
—_ ) l
2v @

Time taken to travel the distance ‘RP’ in the field

2 2
, = Va4 +xT (i)
\%

4
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38.

39.

40.

Total time elapsed to move the car from Q to P

QM—x+\/d2 +x°

A% A%

For ‘t’to be minimum g—t =0
X

Q

A 4

Y] ey —p—

R

Or x= d =

22_1 3

1 _1+L =0
VL 2 Jd?+x?
d

(©)

Let L be the length of escalator . Speed of man wrt escalator = tL =V,
1

Speed of escalator = tE =V,
1

Time taken when escalator is moving and man is also walking on it

=t= L :1=u=£+i: =£
v,+v, ot L t, t t+t,
(a)
According to question, train A and B are running on parallel tracks in the opposite direction.
1.8 km/h 36 km/h

A —bH

|
O O O O

V, =36km/h=10m/s

€ B
72 km/h
O
Vg =—72km/h =-20m/s;Vys =-1.8km/h=-0.5m/s
Vman,B = Vmax,A +VA,B

=Voana +Va—V, =-0.5+10—(-20)
=-05+30=29.5m/s

(@)
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(60-+120)/1000km

! 80-30
t _ (60+120)/1000km t, 11
2 80 +30 "t, 5
41, (d)
Q% =
7
o0
60
\"

R (Observer)

Distance, PQ =V, xt (Distance = speed xtime)
Distance, QR =v.t

o Vv, xt
c0s60 :ﬂ;l: P :vp:X
QR'2 vt 2
42. (©
—> 4 m/sec’ —> 2 m/sec’
Car Bus
[1] [1]

200 m
Given, U =Ug =0,ac =4m/s% ag =2m/s?
Hence relative acceleration , acg =2m/sec?
Now, we know, s = ut +%at2 =200 = %x 2t° [ u=0]

Hence, the car will catch up with the bust after time
t =10+/2 second

43.  (b)

u2

Maximum height = h = > [ -+ At maximum height v=0. So 0* =u®—-2gh

9
= U =./2gh

As, s= ut+%at2
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44,

]
[\ e

l=t,£t

Let t, and t,be two roots of above equation.

¢ 1/29h+’29h—4xgxh
Then, -2 = 2_3

b J2gh —\/2gh—4xgx2

4gh
20h+\73" a4z

Jagh - [ B2

(d)

From equation of motion, s = uH%gt2

.. hnh :
For first E,E=—gtl ....(1)
For total height h,

1 .
hzzg(tﬁtz)2 ..(ih)

ty

Divide equation (ii) by (i) we have 1 = 5
(t,+15)

i— tl '1+t_2—\/§

V2ot Tt

t—lzizn2 :(Ji—l)tl
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45.

46.

47.

48.

49.

50.

(d)
Time taken by all to reach highest point, t = v
g

Frequency of throw, n=

1
t

< |a

:v:g ()

n
The maximum height the balls can reach,

2
H ? (gj
\'% n

g .
=—==>~2_=_=_ from equation (i
max Zg 29 2n2 q ()

(a)
2h

From h—ut+ gt =>t= |—

Time taken by mango, t= ’ 2X19 6

Distance x =vt=gx2=5m

()
At t=0, u=100m/s downwards
For 0 to 10 sect

v=u—-gt=-100-10x10=-200m/s

So the curve will be straight line with —100 as intercept

for 10 to 20 sec, v=0, so option (A) is correct

(d)

Let us suppose both ball meat at t =t sec at high h below.

For 'A’, h :%gtz :>—80:_El><10xt2

=12 =16 =t = 4sec
For ball ‘B’

h:u(t—Z)—%g(t—Z)2 :—80:—2u—%g><22
= -80=-2u-20=2u =60

(©)

(d)
Using H =%gt2 =2H/g=t*

- u=30m/s
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:9'98;2:t2:t:\/§S

For first drop, t=0. For second drop, t = At. For third drop , t =2At
Let h be the distance travelled by second drop when third drop begins to fall.

h=2g(vZ-at) =0=2g(v2-at) = at-

-

2
1 1V 1 1 98
ch=tglvzo 2] =1io8xi=28_245m
29( ] ST

$2) 2

Height of second drop from floor
H-h=9.8-2.45=7.35mm

51. (©
Given
Initial velocity of hot air balloon, u=10m/s

For stone
Using,
v=10m/s
%‘I: )
75m 2= 10nvg?
1
h=ut+=qgt
> g

= 75= —1Ot+%gt2

= 75=-10t +5t°

=12 -2t-15=0=t =5sec
Height of balloon
H=vt+75=H=10x5+75=125m

52.  (b)
Top of Building

‘¢u=0

5m

- = T ————— l Stone-1

u,=10m/s
ol e (from u?—u? = 2g x 5
Stone-2
h
A 4 v
Bottom of Building
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For stone —1,20+h =10t +%gt2 ...... (i)

And for stone -2, h = %gt2 ...... (ii)
Putting value of h from eq.(ii) in eq. (i)

20+%th :10t+%gt2 S t=2s

Therefore, h = %gt2 = % x10x 2% =20m

.. Height of the building =h +25=20+25=45m

(©)

For upward motion of helicopter,

vZ =u? +2gh = v? =O+2gh:>v=\/29_h

Now, packet will start moving under gravity

Let ‘t’ be the time taken by the food packet to reach the ground.

s:ut+lat2
2

= -h =«/Zght—lgt2 :>lgt2 —J2ght—h=0

«/29 +,’Zgh+4x x h \/ﬂ
Ort—

Xi

2

=\/E(1+«/§):>t=3.4\/5
g g
(a)

For uniformly accelerated or deceleration motion v
graph will be a parabola.

Initial velocity downwards so negative after collision, it reverses its direction with smaller value
hence velocity is upwards

Further, v? =2g x(gj =gd;

(Vlj=\/§ or v=v\/§:v-:%

As the direction is reversed and speed is decreased so graph(a) correctly depicts these conditions.

2 =u?+2gh equation is quadratic hence v—h

(3)
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56.

57,

58.

59.

21t x 200

S 200+ 200+
Va _ “total _

Ttotal 238

400+100t 714

= = =3m/s
238 238
(18)
v - liotal _ 1/3+1/3+1/3
R I I I
otal S
3v; 3v, 3vg
3 I B 1
(1,11 1(1+1+1)
3 ViV, V3 3\11 22 33
1424 6+3+2 11
2 3

(580)
For particle ‘A’ For particle ‘B’
X, =—3t* +8t+10 Yy =5-8t°
va =(8-6t)i ve =—24t%]
aa =—6i ap = —481]
Att=1sec

va =(8-6t)i=2i and vg =—24]
S VBIA =—VA +VB = —2?—24]

-, speed of Bw.r.t. A, v =22 +242

=J4+576 =+/580

~.v=580(m/s)
(15 or 75)
2 .-
We know that range (R) = u”sin26
g
uzsin2(45°) 2 R u® u’sin20
so,R =S 4 KU _USND
g g 2 2 Y

= sin 29:%: 20=30",150" = 0=15",75

(1)
Here, time of flight is same
So, vertical component of velocity is same

Therefore H,, is same.
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60.

61.

62.

If fighter, jet and bullet have same horizontal component of velocity , then it will strike after some
time as shown above because horizontal displacement of both of them in given time interval will

always be same.
i.e. v=ucos0—=200=400co0s0O

:cose:%:6:60°

(20)

Let (zlzaf+a]['.'9:45° =u, :uy]
Then, Vi =ai+(a—2x10)]
=ai+(a-20)]

As, [Vr|=20

= a2 +(a—20)" = 400
—a’+a’+400—40a =400 = 2a®—40a =0
=a’=20a=0=a(a-20)=0

—=a=20.50, V, =1/20> +20? =202

1
2in2 e 800x =
= T2 om
29 2x10
()
Change in momentum,
5V2
45 450\ 512

AP =Pg —Pa
AP =mV cos 0i —mVsin 6]
= m(5«/§cos45°f—5\/§sin 45°)
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63.

64.

65.

66.

67.

:—m(S\/EX\/_I+5\/§X\/— j— 2m><5\/§><

|AP|= 2 (5x107)x(5) =5x10 kg ms ™
SX=5

NA

©)

If speed becomes ‘n’ times by keeping ‘a’ constant, then stopping distance becomes n? times

Here, V>V /3

So, S—>§ ie. 2—7m i.e. 3m
9 9

(100)
d_v =5Asa = d—V dV ds =V d—V
ds dt ds dt ds

So, a:vg—:20><5=100m/sec2
s

(1)

As v =u? +2ax

At point ‘A’

40=u?+2a.10 ..(0)
At point ‘B’

60 = u’ +2a.20 .....(ii)
Substracting (ii) from (i), we get
a=1m/s*

(12)

. dv
Acceleration equalsto a=v—

dx
Vddv — /5000 + 24x

X
dv

12
M-
dX 2\/5000 + 24x 5000 + 24x

=a= vd—:\/5000+24x ><L=12m/s2

dx 5000 + 24x

(20)
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68.

69.

70.

(0

Distance travelled = Area of speed-time graph

=%x5x8=20m

(3)

Distance X varies with time t as x? =at? + 2bt +¢

= 2xd—X:2at+2b
dt

:>Xd—X:at+b:>d—X—(at+b)

(@) _(at+bY’
:>d2x_ dt) X

dt? X X

ax’—(at+b)° ac—b?

x3 x3

= aoc X~ Hence, n=3

(392)
19.6 wV=u-gt
ta=E:9—':23 O=u-gt
0 =t=ul/g
t, = (6-2)s = | Flmax
g
16x9.8 392
= g
()
v?=u?+2gh'
g% =0%+2gh’
ho9
2

So, req. height
~10-h'=10-3
2

d’x [dsz
= =X +|— | =a
dt X dt?  \ dt
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71.

72,

73.

u=0
o] ?

?vﬂg |
10

=10——=5m
2

10m

(6)

Let the two ball meet at t =tsec

Then, first ball get ‘t” sec and second ball get (t —2) sec and they will meet at same height

So, h, =h,
1 2 1 2
:>50t—§gt :50(t—2)—§g(t—2)

:>O:—100+%g[t2 ~(t-2)°|=20-4t-4
=24=4t=1t=06sec

©)

Taking upward direction as positive, we get

thXG—%g.GZ—)C&S(El
1 2
h:—u><1.5—§g><1.5 — Case Il
1 >
h:—zgt — Case Il

So, 6u —%g.e2 =—-1.5u —%g x1.52 [ from | and I1]

7.5u=£g(62—1.52);u :M:u s
2 2x71.5 2

Again, —%gt2 :6u—%g.62 [from 1 and 111]
t2=_—2(6u-1gx36j
g 2
tz—_—2[6x§_1x10x36]
2 2

10

=12 =—%(135—180):> 2 = T2

(8)

Let the ball takes time to reach the ground

Using, S= uH%gt2 :>S=O><t+%gt2
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= 200 = gt* [ 25=100m]

=>t= f@ ...... (1)
g

In last %s body travels a distance of 19 m, so in [t —%) distance travelled =81

2 2
Now, 1g(t—lJ :81:>g(t—lj =81x2
2 2 2

1) [B1x2 1 1 e
:[t—zj T'E_\/ﬁ(m J81 2)

Using (i)

= o =2(10v2-92) = g =242

-.g=8m/s?
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