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(.1. A rescue helicopter (la‘bps a package of eimergency ration to a stranded party
on the ground, If the helicopter is traveling horizontally at -ﬂ)m/s at a height
of 199m above the'ground.

(iy  Where drpcs the package strike the ground relative to the point at which it was
‘released? '

(ii)  What are the horizontal and vertical Components of the velouty of the pcu.l\afre
just before it hits the ground?

Given Data:
Initial horizontal velocity =V, = 40m/s
Initial vertical velocity =V,=
Vertical height =y=—-100m
Horizontal Acceleration =a, =9 i
Vertical Accelcrauon =g, =—g=-9.8m/s
To Find: L
(a) Horizontal distance =x =7
() Final horizontal velocity = Vi = 7
©) Final vertical velocity = Ve =7

Solution:

Ulsing the relation:

‘ 1.
¥ =Y iylt+ - ayt‘

2
1
=100 =0 x t+7 (-9.8)1
~100 =-4.9t
s 1061000 50,40
t \, 4 9 49 = A4, 5ec¢
t  =d4.Ssec

(a) Using the relation

= VPt
< N ] x

L

x=40x4.5 tox 0x(4.5) -

x=130+0

x =180m I AnS.
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{b) Since in projectile horizontal velocity does not change, always remain same.
But the vertical velocity is change, therefore,

Vo =V = 40mis

OR 3 Using the relation
- Vi = Vix + a5t

Ve =40+0x 45

Vi = 40m/sjAns.

(c) Using the relation )
' 7 V('}, = Viy + ﬂyt
Vi =0+ (-9.8)x 4.5

Ans.
Self Test (1) - ' , 2 _
Q.4(i) A ball is thrown in horizontal direction from a height of 10m with v'elocity ol
21m/s. )
{a) How far will it“hit the ground from its initial position on the ground?
(b) And with what velacity. ‘

V,_‘. = i
Vi = 21m/s
—>

[ :,/V(.‘:-FVI;‘J

Aﬁs. [30m, ‘25..2 m/s}

(i) A bomber dropped a bomb at a height of 490m with the speed 120m/s along
the horizontal, calc¢ulate the distance where the bomb will strike the ground
relative to the point at which it was released. - (2002 supp.)

Ans. [1200m]

Q.2. A long jumper leaves the ground at an angle of 20° to the horizontal and a
speed of 11m/s. '

(a) How far does the jump.

(h)What is the maximum height reached? Assume the motion of long
jumper is that of projectile. . : '

Given Data:

Initial velocity of jumper =V, = 11m/s
Angle of jumper to the horizontal = 6 = 20°
To Find: | '

Range =R =7
Height =1 =
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Solution:
We know the range of projectile is:
V. *Sin20
R = e
g
R = (11)" Sin .(2 x20°)-
9.8
121 Sin40° "
R= ——
g 9.8
. 121x0.643 _
R = TTox Sin40° = 0.643

R=7.93%9m jAns. .

We know height of projectile is:

) H= X_(;-Sill 19
20—

s 1)’ (Sin20)°
2x9.8
121(0.342)"
19.6

07220 Ans
Self Test (2)

i. ~An artillery cannon-is pointed upwalds at an anOIe 35 with respeu to thc
horizontal and fires a projectile with an initial veloc‘ty of ZOOm/s 1f the air
résistance is negligible find:

(i) The'maximum height of the projectile.
(ii) - Range of projectile. - . - (1998
Ans. [R=3835.4m H = 669.38m] ' '

ii. A machine gun is pointed upward at an angle of 30 with 1espect to the horizontal
and fires a projectile with a velocity of 200m/s. Calculate the range of the
pmJectllc and the height of the projectile. = .- (2002 P.E), (2006)

Ans. |[R =3534.19m, H = 510.20m] ,
iii. A projectile is launcl red at an ‘angle of 40° at 10my/s. calculate its range and the
maximum height attained by it - (2006 Failures)
Ans. [R =10.04m, H = 2.108m] e '
iv. A cricket ball is thrown at a speed of 20m/s in a direction 30° to the herizontal,
Caiculate the maximum height of the ball and horizontal rangs. (2008 Failures)
Ans. [R=35.34m, H=15.10m] :
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Q.5. A rocket is launched at an angle of 33° to the horizontal with an initial speed of
10Gm/s. It moves aleng it initial line of z‘notion with an acceleration of 30my/s’
for 3sec. At this time the engine fails and rocket proceed'to moves as free
body'.

Find:
(2) The maximum altitude reached of the rocksat.
(b} Its total time of flight and
(c) Its horizontal range.

Ans, .

The rocket is méving for 3sec with acceleration 30nv/s, 50 it is'not a projectile for

3sec i.e. from A 10 B.

. - Co. 3
Consider motion from A to B A

V.= 100m/s

o = 30mss
’ h2 : I

t =3s2c . & oo
: 30mrs F20 T L)
=7 - , R
: . hy .o
ve= v+ at . - .

_ * CE T
vi= 100+ 30x 3 _ ' n

AR,

= =
m ‘ VV _

at the point B vi= v, = 190m/s"

1 =
. Szv‘,t+77—at‘ :

Il

S ‘IOOx3+%x30x(3)3

Resolving this distance into horizontal and vertical components.
R, =S Cosf = 435 Cos53° -
Ry =435x (.6018
[, =261.75m | |
h, =8 Sinf = 435 Sin 53°
= 13

7 35 x 0.7986
| hy =347.40m |

gl
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Consider motion form B to C:

V, = 190m/s
6 =53°
t, =
Tha=9? v :
We know that the time to reach maximum height is
(Y, Sind . '
2
190 Sin
T 98
(= 190 x O.ZZSE ,
: 9.8

[, =15.48sec |
We know that maximum height is
_V.?!Sin’0 '

H :
2g
b _ (190)* (Sin53°)*
: 2%9.8
b - (190)* (0.7936) A
e 19.6 o

- [ =1174.75m]
Total Height=h, + h; :
o =347.40 + 117475
| H=1522.15m | “Ans.
~ Consider motion from C to E

viy =0

a, = -9.8 /s’
H=y=-1522.15m -
=7

1
y; Vi t —,—an t_z

~1522.15=0xt, +—;—(—9.8) th

_1522.15=0-4.9t;

, 1522.15
t5 =—

_ -4.9
33 =310.46

ty=17.62sec

Total time =t + t; + t3
=3+ 1548+ 17.62

lt = 36.1 sec l Ans.
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Time fromBtoE=t,+ 13

=1548+ 17,62
t=33.1sec _
_ There fore horizontal range fron: Fto E
Ry=vext o ,
v oY et :)R': =V, cosb t - vw=V,Cos0

- Ry=190 cosS» X 331
Ry =190 % 0.6018 x 33.1
R;=3784.81m .
Total Rang =R, + R,
L= 261.79 + 3784.81
Self Test (3) e - :
Q. 3 A stone is, thrown upward from the top of a buxldmu at an. anUIe of 30° to the

horizontal and thh an mltml speed of 20my/s. If the height of the building is
" 45m. ' . :

o) Cah.ulate the total tlme the stone in ﬂu:ht
“; (ii). What is ‘the speed of the stone just before i it 5tr1ke> lhe ground.
(m) Where does the stone strlke the ground

Ans. {4.22 sec, 35.82m/s, 73.0m]

Q.6 A diver leaps from tower with an initial horizontal velocity compouent of
.\7m/s and upward velocity component of 3m/s. Find the component of her
*" position and velouty after one second. L (2012)

'leen Data' U e _
Initial Horlzontal velocxtv = V‘x =7m/s

Initial Vertical velocity | Viy = 31m/s
. Time =t . = |sec.
B Vertical Acceleranon =a, =-9.8m/s’

To Find: ‘
(a) Vi =7
(b) Vg, =2
(¢) x =7

S Dy =2
Solution: '

(a) Since in projectileﬁ motion horizonta! velocity does not change, always remain
same bu: the vertical velocity is change, thelef'oxe
Vix = Vi = 7m/s
(b) Using the relation
Vi = Vi, +ayt
V=3 +(-98x 1
T, = 3

Vi - 9.8
l\',-‘,r— —6.8m/sj Aus,
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(c) Using the relation

1
X = ‘\/“t—i—.‘é‘a‘t

x=7x1'+%x0x1 - woa =0
[x=7m | Ans.
1 Rl

y:\/,}t%— ant_
. 1 Q2 2

y:3——4.9

Ans.

Q.7. A boy standing lOm from a building. Can just barely reath the roof 12m

~above him when he thrown a ball at the optimum angle with respect to the
ground. Find the 1mtla] velocity component of the ball. _

Given Data: . ‘
- Horizontal distance = x = 10m

Vertical height ~ =H=12m -
" To Find: : ‘ S
~(a) Initial Horizontal Veloc1ty Vm LSS " . 12m
(b) Initial Vertical velocity = Vo, = '
Solutlon' 5 : o ' . ; 10m +—l— jom +—{
~(a) We l\now that vertical hexcht of prOJectlle s s o
‘ \'A *Sin’6 TR s
H= ——'*—20 ) S
- _\_/jln 0 L (V,Sing)’
12 = 2g :’> 1“‘ o 2g
VoSinb Voy T .
12x2g = Vs, L

V. =12x2x98
Vi, =2352 .

Vo = 15. 33m/s | Ans.

We know that hnnzonta] range ofprOJectlle is’

~ V.)Sin20
VisSin2e . . VISin20
10+10= =222 = 20= "t
"V,"x28Sin8Cosf :

20=

g v
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gx20 =2(V, Sind) (V, Cosb)
20x9.8=2V,, V..
20%9.8
Vo, = 2XZ:8
sy,
20x9.8
Vox = 3%15.33

J[Vm = 6.39m/s | Ans.
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Q.8. A marter shell is fired at ground level target 500m distance with an initial
velocity of 90m/s. What is its launch angle? Calculate the maximum and

minimum time of ﬂlght to hit target.
Given Data: ’ ‘

Range =R =500m
Initial velocity = V = 90m/s
To Find:

(a) Launchangle=0=7?

(b) Minimum time of flight = T,;, = ?

(¢©) Maximum time of flight = Ty, = ?
Solution: S

(a)  We know that range of prOJectlle is:

: V Sin20
R -—
g
' Rxg
'Sm"@ = vz
. 500x9:8
Sin20 = (90’
Sin20 =.0.6049
26 =Sin" (0.6049)
26 .~ =37.2°
\ _ 37.2° .. ¢
=5

Ans.

If the shell is ﬁred with angle (90-18.6) = 71 .4° then range will also SOOm

(b)) For mmlmum time of ﬂxoht

0=18.6" "
© 2V Sing
Toin = __‘___m

T 2x9OSm(186 )
. mm . 9 8

_ Ans.
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(c) For maximurm time of flight

8 =71.4°
T = Z\ZQSmO
g .
2x90Sin(71.4°%)
Tmax= -
9.8
 180x0.947
Trn= "oy

ITnmx = 17.40sec i AnS. .
Self Test' (4)

(i) A morter shell is fired at a ground level target 490m away with an mmdl velocity

. 98m/s. Find the two possible value of the launch angle. Calculate the minimum
* and maximum time to hit the target. . (1993)

Ans. [0 =15, 0’ =75 Ty, = 5.176 sec Ty = 19.3 sec.] '

(if) © Two possible angle to hit a target by a marter shell ﬁred with initial veloc1ty
98my/s are 15° and 75°. Calculate the range of projectile and the minimum time-
required to hit the target. _ (2004)

Ans. [R=490m T,,;, = 5.170 sec.] ' ' ‘ !

(iii) A rocket is fired at a ground leve} target 600m away with initial velocity 85my/s.
Find the two possible value of the laurich angle. Calculate the minimum time to
hit the target. . ) (2008)

Ans. [0 =27.23°, 0/ = 62.76° T,.,;., 7.93 sec.] . T :

(iv) A marter shell is-fixed at target 800m away with velocxty of 100m/s. Calculate the
maximum possible value of launch angle T (2009)

Ans. :

Q.9. What is the takeoff speed of a locust if launch angle is 55° and its range is 0.8m.

(2004 Failures) (2006 Supply) (2005)

Given Data:
Launch angle = 8 = 55°
Range = =R=0.8m"
To Find:
Takeoff speed =V, =7 -
We know that range of projectile is:

e Vo Sin20
g
Vlzw.
° Sin26
. 0.8x9.8
° Sin(2x55)
V::O.§x9.8
Sinlid
Ve 08x98 ‘
09396
V=834,

[Vu ;Z.SSm/sl Ans,
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(iii)
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What is the take off speed of a locust if ldUHCh angle is 30° and its range is
0.8m. (2004 Supp.)

Ans. [3m/s]
What is take of speed of a locust if its launch angle is 50° and its. ‘
An artillery with maximum range 1020m is to be fired for a target 600m,
What should be: . :
(a)  Angle for maximum and minimum time.

(b)Y  What will be the time of flight in both cases?
(¢)  What will be maximum height in both cases?

Ans. [18", 72", 6.3s, 10, 45, 48 9m, 461.4m}

Q.10. A car is traveling on a flat Cucular track of radius 200m at 20m/s and has

(a)
(b),

centripetal acceleration a, = 4,5my/s”

If the mass of car is 1000kg What frictional force is required to prov 1de tE
acceleration? )

If the co-efficient of static friction p, is 0.8 what'is the maximum speud at wl ch
the car circle the tracks.

Gi_ven Data:

Radius of track ~ =r=200m -

Speed of car =V =20m/s
(a) man of car =m = 1000kg

(b) Co-efficient of fu;txon = =038

To Fmd

(a) Frictional force = f =2 ‘
(h) Maximum speed of car = v, = ?

Solution:

(a) Here the frlutlonal force is equal to the centupcul force
f=F,- .
= My
F= 1000 x 4.5

|

(h) F.=uRrR
R =w=mg
Fe=pmg=0.8x 100())(98—78 ON

Using the re! 3510“ mVY o
- F, = -—2X
‘ T
200
Vzmux :wg
; 1000

Vo mae = 0.1568
Ian_\ = 39‘6mm Ans.
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Find out angle of projection for which maxunum height of projsctile is —rd of
= 5 5
: R

it’s horizontal range.
‘Given Data:

'H=éR
To Find:
0=

Solution:
H=1gr
3
© V) Sin8 1 V7.2Sinf Cos@
g 3 g
4 2
Sme:}’—COSG
SinB _ 2
Cosb 3
Tan@rzE .
3.
G—Tan"'.‘z
3 !

Q.11. The turn tabia of a record player rotates initially at a rate of ;)3 rev. /mm and’ takes

20sec. to come 1o rest.

(a) What is the angular acceleratlon of the'turn table? : .
(b) How many rotation does the turn table make before coming to rest? _
(c) If the radius of the turn table is 0.14m, what is the initial linear speed bug

ridging on the rim?

(d) What is the magnitude of the tanoemlal acceleration of the bug at tlme"

Given Data:

2005
F (zilt;i'es)

Initial angular speed = o; = 33 rev./min

33x2m
0T e

) ;= 3.45 rad./s
Final angular speed =0 -
Time =t=20scc.
Radius =r=0.14m -

To Find:

(a) Angular acceleration = o = ?
(b) No. of rotation =7

- (¢) Imtial linerat speed =V;=7
Solution: , : _
(a) Using the relation
W= oy + ot

[6a} (&)

f 1

a =
- t
0-3.45
20
o =-0.173 rad./s> |

o =
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1
6=wmt+at® =

]

0=3.45x2 +% x (=0.173) (20)*
6=69—34.6

No. of rotation = — _ 344
O, 01 1rofation = 27[ 2(3 14)

No. of rotation = 5.5 1otaf10n

(L) Using the relation

()

Vi = roy

_Vi =0.14x3.45
a=ra

2 =014 x —0.173
[a =—-0.0242m/s7

Q. 12 Tarzan swing on a vine of length 4m in a vertical circle under the influence of
gravity. When the vine makes an angle 6 = 20° with the vertical. Tarzan has speed

of Sms Find, . .= S o (2013)
(a) His centripetal acceleration at tlns mstant. : T

(b) His tangential acceleration and
(¢} The resultant acceieratxon

Given Data: ‘
Length of vine=1L =4m

Angle =g=20"

Linear speed =V =5m/'s’
To Find:

{a) a, =7

(b)ya=7?7

(cya =7 .

Solution:
o . (a), Using the relation '
AN i
r

(&)
4

Qe —

(b) a=gSind R
a,= 9.8 Sin20°

a, = 3.35m/s’

a=./a’+a’

a=\/(@.25)-‘-+(3.35)2

a=7.09m/s>
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EXTRA PROBLEMS:

Q.1 Calculate the centripetal acceleration and centripetal force on a man of mass
" 80kg. when resting on the ground at the Equator. Given that the radius of earth 1s
6.4 x 10°m and the earth completes one rotation is a day.
(2011, 2006, 2007 Fuilures, 2003 Failures)

Given Data:

Mass of man =m = 80kg
Radius of earth  =Re = 6.4 x 10°m
Earth completes one :
Rotation =1day=1 x24 x 60 x 60
= 864005
To Find:
" Centripetal acceleration =a, =7
Centripetal force =F_ =7
Solution: ‘ '
©_ 4n’Re
A= Tz
_ 4(3.14)” (6.4 x10°) : - - '
ac = )
(86400)

= 4%9.87%6.4%x10°
¢ 7464960000

o= 0.0338mis’ | APS
2 .
Rﬁ%gm
p o= 3614y 80x6.4x10°
f (86400)
_ 4x9.87x80x6:4x10° -
¢ 7464960000
S A
Q.2. _ _
Given data:
' Tow = 69.6N

m = 2kg
o r = - lm
To find:
_ v _ 2

. ‘ Solution:
When body is moving in a vertical circle
’ '}‘max = Fc + l\/ﬁ{g ’ '
Toex = - MY +Mg
. F
69.6 = 2Y_ +2x98
1

69.6 =  2v = 169.6

69.6 — 19.6 = 2v*

2vi =50

vi=25



