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Numericals

I The motion of particle is defined by the relation x = t* — 10t + 20,

where X is expressed in mete; and t in second. Determine
a) when the velocity is zero?

b) the position and the total distance travel when t = 8 seconds.
Solution:

X=1t2— 10t + 20
dx
Ifv=0;
2t—10=0
- t=5sec

Att=0; Xp =20 m

Att=35; X;==5m

Att=8; Xg =4 m

Xg is the position at t = 8 sec.

s Xg=4m

Total distance travelled when t = 8 sec in sg

s =1X5=% |+ [ X=X
=|-5-20+|4~(-5)| N
=25+9=34m



2. A projectile is fired with an initial u =240 m/s M
velocity of 240 m/s at a target M |
located 600 m above a gun G and at / ]600
a horizontal distance of 3600 m. - : =

Neglecting air resistance, determine 3600
the value of firing angle B.

Solution:
For projectile motion
1 x* "
y=xtanf -7 gz (1 +tan’B)
2
or, 600=3600 tanp —4.905 36002 (1 + tan?B)
(240)

or, 600=3600tanp —1103.6—1103.6 tan’B

or, 1103.6tan’3 — 3600 tanp + 1703.6=0
B = 69.58 and 29.85

3. A particle is projected at an angle of
30° with an initial velocity of 61 m/s
as shown in figure. Find the
slopping distance covered by the
projectile.

Solution:

Initial velocity u= 61 m/s
Projection angle = 30°

Let a be the angle of inclination. Then,

tanu::=“il

o =36.87°
Then,

tan o =

A=



inrry

3 N -
4 R

4 3
R=§h and h=ZR

Consider a vertical motion of projectile;

- —a 2
sy—v},,t+2ayt

gtl

N =

-h=usin®.t—

~h =61 sin 30t—-%x 0.81 x t2

-h=305t-4905¢, . . (i)
Again,

R=%xt

4

—;1'= ucosfxt

4h
T=61 cos 30 x t

h=39.62t ...... (i)
From eq. (i) and (ii)
~39.62t = 30,5t — 4.905¢2
4.905t2 = 70.12t
- t=14.3] sec
h=39.62 x 14.31 =566.97 m

R
To find the slopping distance s 36.87°
sin36.87=% L e s h
PR
sin 36.87
=56697

R

pr T P,




4, The rectangular component of acceleration for a particle are a =3t
a, = 30— 10t where a is in m/s? and t in seconds.

If the particle starts from rest at the origin, find the radius of curvature
of the path at instant of 2 seconds.

" ﬂ-‘
e a, =3t

3t2
%2

Att=0,v, =0, VY=O

¢, =0

Vi =

E

2

Also, a, = 30-10t
L 301;-5t2+cz

.‘95.t‘t=(),1«'x=(]:I Vy=0

c,=0
\r3,=3i:rt—5t2
Again,
dy _dy dt
dx  dtdx
_dy 1
Tt dx
dt
dy _%
dx Vy
dy _30t-—5¢
& 30
2
d 60t — 10t2
ﬁ T
dy _20 10
dx ~ 4 T3
dy _drz0 10
dx? 'dx[ t"3]
d



20 1L
i
20 2
=g 3t
Sy _ 40
axz 3t
Att=2 sec
dyy _20 10
x t 3
10_20
=10"‘ 3 = 3
&y _ 4
a2 3t
40 _ 40
TT324 48

Radius of curvature

=[l+(%i§% I
L1+ (*ﬂ’”

= =-367.62
4.3

& mdim of curvature = 368 m.

5. An automobile enters a curved road at 30 A
| km/hr and then leaves at 48 km/hr. The curbed
road is in the form of quarter of circle and has
a length of 400 m. If the car travels at constant
acceleration along the curve, calculate
resultant acceleration at both ends uf curve.

Solution:

2nr

p==is

4




2n XTI

400=" 4

. r=2546m

[nitially, VA = 30 km/hr = 8.33 m/s
Finally, vg = 48 km/hr = 13.33 m/s

Again, Vg2 = VA + 2.3,
(13-33)2 = (8.33)* + 2 x a,x 400
. 5=0.1353 mis? )

At point e

3 VA” _(8.33)
B="5 2546

At point B:

Vg (13.33)
%575 T 2546

Resultant acceleration at
a) Pqint A
(ag)s = (ﬂn),&‘ +a,

=J@), 2+ a?
=/(0.2725)* + (0.1353)?
=0.304 m/s

tanf =2t
a,

= 0.6979 m/s?

=(0.6979 mfs?_

s e =26.400,_. &
b) Point B:

(B'R)B = (aﬂ)B -+ a,

=4/(ayp? + at?

=+J(0.6979)2 + (0.1353)?
=0.7108 m/s®




6. The rotation of the 0.9 m arm OA about O : A
i< defined by the relation © = 0.15t> where
g is expressed in radian and t in second.

Collar B slides along the arm in such a
way that its distance from O is r = 0.9 — SONNNNNNNNES T

0.12t% r in meters and t in secs. After the arm OA has rotated through
3(°, determine

2) total velocity of the collar

b) total acceleration of collar.

Solution:
Given, 6 = 30°

Al
) JUXISO 0.524¢

Also, 8 = 0.15t> (by question)

0.524=0.15 t?
or, t2=3.4906
t=1.868 sec.
Now, r=0.9-0.12¢> : 0 =0.15x (1.868)?

Att=1.868 sec
09-0.12x (1868 ;  ©=0.15x(1.868)




0 = 0.524¢

r=0481m -

r=—2x0.121 5 0=0.3t
=_0.24x 1.868 : =0.3 x 1.868
= _0.448 m/s = 0.56 rad/sec

T =—0.24 m/s? 8 = 0.3 rad/sec?

vrs %3—-0.4'48 m.fS
vy =10 = 0.481 x 0.56 = 0.270 m/s

Vs - \Jvrz * vﬂz vﬂ
=4/(0.448)% + (0.270)> = 0.523 m/s

0 B

tan 3 g
r

_0.270 ;
~0.448

B =31.076°

a  =r-—m92
=—0.24 - 0.481 x (0.561)?
=—0.391 m/s?
aq =10 +2r 0
=0.481 x 0.3 +2 x (-0.449) x 0.561
=—0.359 m/s?

- - - \
dg =ar+aB
Ly =falt e

=4J(0.391)2 + (0.359)* = 0.531 m/s?

o

I

P |E

tan 3

o

359

o ——

0.391

"B =42.55° 3
_ 0 =0.240 s
Acceleration of B with respect to OA is agjoa ™



7. Find the acceleration of body B if the
acceleration of A is 4 m/s? () for the
following connection.

Solution:
ab+bc+cd=k
X, tkt+x,=k

ef+fg+gh=k
or, X=X tk+x;—-x=k

or, Xy—2%=K....(i) [x,=k]

- b ) R
ij + jk + kI = constant = k
or, xh“x3+k+x3—x3=k

or, X =2X3+x;=k

or, Xg—2%,=k U 111}
Maliiftyen. ) by, o5 (i by 2
4x, +4x,=k ceeen(iV)
2x,—4x,=k sunies (V)
Xg—2X3=k ¢  .... (vi) from eq. (iii)
Adding all (iv), (v) and (vi)
4x, +xg=k

or, 4v, +vg=0
or, 4a,+ag=0
odg =4y,

= 4x4=-16m/s2(4) =16 m/s2 (1)



"

5 Inebics of Taricles & Teigeed Pedly

(el es fe  the A}Udg 0; lation Emdrta bohween He |
,5:01'5% odin an_a boddy Me moars of body and Hhe amokon

@?. m 9% aked bo fz/reddr the mo(h.;m cauzed bﬂ -
61“’% or J’O O!erﬂ‘i J’ﬁe -Fmoe& Yec‘ww_d b Pnduoe‘_
|

1o ﬂwem rmohon .

L NEL,OT{}NS S ECOND LAW AND MavIENTOM |

e Nt Sewﬂd Law :
T gt das drab,” 5 the mesutland foe acling em o parkick
T % nok zem, Me ‘e will have am accelevation
T eeiona) b de of the resllamt
P/m Afrachom Gf,_ Wib<  readdamt

g/ymgmm :

m e
|-_€r :
| . =9
S _ £ _ Conpdand
T o - % .
; 1 fiwrﬂ\zo're when Fo/fe”ola <. &dﬁﬂqek‘; bo ponors) forees
Eﬁc ma
| w  Ab = SR
o Lrear Momemhum .
BL fovn  Newhene Leond law ,
: SF = ma
@8 = m_c_:!_v""_
dt
"Z.ﬁ_?b = _c_:i_(fﬂ?)
at Lo LA




B

divection s Jhe ol hide equa) I
05; A, c%_& - % ﬂ')p meﬂﬁ;mﬂwﬂ” Ch) rmd
ol L = mv L I SO . R T
| 4, .
Lf = 4 (L)

4t
T8 =Tl .o
 Te. fhe vesutamt of he fmxu._ ading oM a FWCJP <
' <qual B the rake ﬁji chamaw G)Q Jinear  emomenbum o]

e ):m%cl

9.2 | EOUATiGIf _{H—‘ | Mmimr & b'“m{,q_MI(-_ EQUILIBRTIUM
_ Equahon of  omabon o =
. RQd—amguJaﬁ Goenporend. .

er = "’”%ﬂ 5 Z%-maﬂ s 2= ma,.

@ |am9wam Normal ijﬁﬂﬂw
EF{: = T‘""Gt Ll & rn ALK ST
Z‘p‘: B md_ 3 Z‘f SO,

&,
® Rudl & M Comporen) -'.-’.—?'3"'_"'

Sfpe mar 2l = 'ma& o




9.2.2 Dynamic equilibrium

From Newton's second law =
3
- —> =
YF=ma 2
- - i
o, XF-ma=0 =0
- =iTa I:1

‘ The vector —ma , of magnitude ma and
direction opposite to that of acceleration is called inertia vector.

So, when the particle is considered to be in equilibrium under the

- - - —} ! ’
given forces and inertia vector —-ma ; it is said to be in dynamic

equilibrium. The inertia vector measures the resistance that particle offer



ety set them in motion or when we try (o change the condition of

e
b m? ‘“1' ma, = 0 LF —ma =0
z:F:,-may=0 LF,—ma =0
£F, - MZ; = 0 ZF —ar, =0
LFy—a;=0

9.3 Angular momentum and rate of change

9.3.1 Angular momentum
—
The moment of the vector m v about a
reference point say (0) is called angular
momentum of the particle.

9.3.2 Rate of change of angular momentum

Consider a particle of mass m moving Y

i i
n the xy plane as shown in figure.

- —>
HD =rxmy

=mv,X—mv,.y

l

d .
- d
dt (Ho) =it (mvy.x —mv,.y)

mV,
: mV
.............. mVx
mv‘,
mv
mV




Hg = m[x Vi x{fy—_\;x y-yv,]

- by . y
Ho  =[vyv, *+xa, - ya, - v,v,Jm g
=m(xa, —ya,) F, i
=Xma, — yma,
=xF =3k, | :
7ixy) x
= moment of force about O
So, rate of change of angular 5 A L

momentum of a particle about any point at any

—3
instant is equal to the moment of force ( F ) about that point.

9.4 Principle of impulse and momentum

Consider a particle of mass m acted upon by a force F, then from
Newton's second law

- 4 -
=MV

'—.-).
where m v is the linear momentum,

— =
F dt=dmv)
Integrating both sides;

‘2_; V2 -
[ Fdt=] dmv)
t] Vl

B3 - . =3
| Fdt=mv,-mv,
Y

2 5 5
J“ F dt+mv, =mv,
| 2



th_y .
Here the I‘ F dt is called linear impulse or simply impulse.
1

i
oo Im =) F dt —
Pi-2 ty mV,

- 9 = ‘oy B IMPyce
=i [ Fdt+j | Fdt+ k] Fgt .
4 h h Wi =
1
- -

. mv, +Imp, _,=mv,

So, when a particle is acted upon by a force F during a given time

_} a
interval, the final momentum mv, of the particle can be obtained by adding
_).

vectorically its initial momentum and the impulse of the force F during the

time interval considered.
When several forces acts on particle
— —

mv, + ZImp, , = mV;
If problem involves two or more particles

b —

Tmv, +ZImp, = Zmv,

If no external forces act

—> =
Tmv, = ZmV,




1. Two blocks start from rest. The pulle}; are <00 %g
frictionless and having no mass. If u,

between block A and inclined plane is 0.4.

Determine the acceleration of each block k.
and tension in each cord. 3
Solution: §
X, — position of block A \ q: G
, N
Xp — position of block B § B
=
Xc — position of block C ; Dok
Xc tK=xg J)
gt XB-= XC &

ADCO is a continuous cord.
AD+DC+CO=k
Xy T 2Xo = k

v, =—2vg and a, =—2a,

Block A:

A h e WA Pt Pl 4

ZFx =ma

T, +m,.gsin 15—f, =m,a,



~gig

m,g
mg cos 15

- =200a
T, +507.8— R, A,

T, +507.8—0.4m, gcos 15=200a,
T, +507.8 -758.05 =200a,

T,-200a, —250.25=0 ......(i)

Block B:

EFY =ma . -;z

or, mpg-T,=mzag ' _ _

or, 7848 —T,=800a ..... (i) J | I
Pulley C | © myg mga,
BRI e (111)

Use ay =2ag and T, = 2T, in eq. (i) -

T,
3 —200(2a5) - 25025 = o

T,-800a;—5005=0 . (iv)

From eq. (ii) and eq. (iv) 7 _ T
T,~800a, - 5005 =

—12—800a;, + 7848 = ¢

~1600a, = 7347 5 :

" ®=4592 mys2 () : K
4A=9.184 nys2

- T1=2087.125 N

LT,y = 417425 5



2 The bob of 6 m pendulum describe an arc
a circle in a vertical plane. If the tension f’f
the cord is 2 times the weight of bab for tl;n
position when the bob is displaced throu ;
an angle 30° from its mean position. Find tﬁ
velocity and acceleration of bob for thiz

situation.

2
AT

Solution:
~ Consider a tangential direction, T

mg sin 30 = ma,
g sin 30 = 2,
;. a,=4.905 m/s?

......................

Normal component is directed mg'sin 30

towards centre
J mg cos 30
mg

T —mg cos 30 = ma,
2mg — mg cos 30 = ma,
2g—gcos30= a,

A= 11.12 m/s?

3 a=at+anl

a= -\/af +al= \[(4.905)* + (1127 =12.15 m/s’

3 4905
tanp =7 =T11.12

-l e

. p=23.78°
2
Again, a,= XE:

2
(11D =
2=%

v2=66.745
o s 8.16 (along )



3. A 2 kg ball revolves in a horizontal
circle as shown at a constant speed of
.5 m/s knowing that L = 600 mm.
Determine a) 6, b) tension.

Solution:

Radius r = L cos (90 — 0)
=L sin®
=600sinB |

XF, = ma,

TcosB-W=90

Tcos0=2g...... (i)

ZF, =ma,

T sinB =ma

28 sinf =23

cos 6

gtanB=a ., (ii)
Alsoa = %‘

For uniform circular motion

a =a
2
~ gtan@ = 600\ _
1000 sin 6
1.5)2
t : =-L)_
R S = o B E

tan O sin 0 = 0,38226
solving, = 34 21°

Tension T = 28__ 2x 9.8l =23.72N

cosO cos 34.21




4. The system of particle at a time t ,

is shown in the figure below A
v, =7mis m, = 0.5 kg m,
v,=6m/s m, = 1.5 kg X
v, =5 m/s m,=1kg e
v,= 1.5 m/s m,=0.5kg | V"O\m‘ k ey
Determine: V;2.5¢cm
4cm m,

a) total linear momentum ofthe x
system.

b) angular momentum of system about O.

¢) angular momentum of system about O.

Solution:

Write the coordinate of all point and find the direction of vy, V5, V3
and v,.
m,(0,0,3) my0,4,0) my2.5,4,0) m,(0, 0, 0)

0(0,0,0) a(25,4,3) b(2.5,0,3)
- = =
- i m,a a —m,
Unit vector along v, =n; =7 = = =
|mal| |m; 2 |

_(2.5,4,3)—-(0,0, 3)

|m, a |

=¥ e
_25 i +4j

@532 + 42

> -
_2.5 i +4
471

M

= -
o,  =0529 i +0.847 j



> re
=7(0.529 i +0.847 | )

- -
=3.703 1 +5.929 j

. x
Unit vector along vV, =i

e = T
V=Vl =6

A

. N msb b = I'I’l3
Unit vector along V3=n, = =

— —
|mb|  |mb|
_ (2:5,0.3)= (2.5,4,0)
™
Imsbl
- =
_—4j+3k
V42 +32
A - —

ny  =-0.8j +0.6 k

.. V3 = VS in3

- = ~
=5(-0.8 j +0.6 k)

wi '
=4 j +3k

—>

Unit vector along ™=

> > o
Va=Ve ] =15
Total linear momentum

- —>
L =ymy

— —> — —

-y

=0.53.703 i +5.929 j )*(.5)6 i +1.(4 j 43?)

-
+0.5).15 ;




_1085 1 =029 +3 k kgmys

fl _J0BR (0.29)* + 3= 112603 kg m/s
| 4Jar momentum about Q

Ang
—> —
{{-:):E(r XmV)

oL —>
( =taio= M~ 0= @.0.3=0,0,00=3 k

= =¥
=16~ M~ 0=(0,4,0)-(0,0,0=4 ]

-

- = o < —
rffmyo"ms‘o_(2-5:4=0)“(Us 0,0)=25 1 +4 j
I.4-;1'5]“,“,0=11'14—0:(ll],(], 0)-(0,0,0)=0

- = - -
Hy =Xr xmV i
—r —> —
=3 k x0.5(3.703 i +5929 j ) - v N
k i

i 7 4 - -
+4j x(1.5)61 +(2.51 +4j )
- =
x1(4j +3k )+0

: — — —> — > —
=555 j —8.89 i —36 k—-10k-75 j +12 i

- > —»
=3.106 i —1.95 j —46 k

_",
| Hy | =+[(3.106)% + (1.95)? + (46)? = 46.146 kg m?/s’

Angular momentum about a

—3 2 -
Ha=2r X mv

- ‘ >
N =Ime=m,—a=(0,0,3)—-(2543)=23 1 —4 j

I, =i -
2= Ty =m,—a=(0,4, 0)— (2.5,4,3) =25 1 -3k

- —
BTy =my—a=(25,4,0)-(25,43) =3 k

\



> >
r4=rm4,a=m4—a=(0,0,0)—(2_5,4,3)=-—2.5 1 -4 J -3k

- -

H =Xrxmv
= FJ - ra
=(251i-4j)x(05)(3.703 i +5.929 j )

L0 B> > - -
+(25j -3k )x@1.5).i +-3k x1.(4j +3k)

3

- > - —
+(251-4j -3k )% (0.5 (1.5])
i 4 —> —> —>
H =-2975i-27j-1875k

N |
|H,| =+J(9.75)> +27>+ (1.875)* = 28.767 kg m?/s
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ZM, = 0
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EL - 23.94 kN ()]

=V = B \ ZH

Va +Vg +10 - 4%3%3 + 4p
V, = -43.44

e [V = 4944 ()]

e B

Ha = 19.824 pn ()
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Let ¢ Vs the cenledid of AABC. Let x be the Aenghh of sides }-
DABC.
{rom geomebsy,
!AP = L.
=)
N B

gp = AP s 30
o
s EP = A cgtio

i

o
PG = L BP ( Contmid RN distance )
- 1y o0.866%
3
- [ rg = 0.288%
Now,

Mrg _ AP+ PG ij”““@mé fhearem ).
= (05x) +(o0 18832)”
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ﬂwmw&vg each G thom Lo @.?ua,f.ﬁ,fw W&mﬁoj
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Unid vecds AD ax,
A 0% +ﬂ7: ¥+ 023’??21(

Ny =
,\J(ggx) + 2+ (o 2887 *

= 0-435’, + 0-3550,' + 0.25(

QSFM'?M@
Und veelw -a,lwﬁ Bd ix,
hg = o7 + [ +(-0.519xk

A 22+ (059100
= a-ssaj— 0.-S K




VUnit vedm a,lera? ch ix
A -, T = v
n, = -0.4%3i + a,gﬁ‘gc‘; + 0.2S & [Caiadaﬂ A yymiﬁ-? )

Hoh Q(iuﬂd'yﬂmj
nF =0
e B+ fn + 0. +W = 0
w [T (my 4147 ) +W =D
v, \F) [(0:433 - 0.433)1 + (a.g.sua.ggs-m.gg%? = w f
+ (Orﬂ'g o '['O“q(—‘:JE-]
\F| (+592) = - 50 x9.81 (wW=mg)
[£1 = =4985
R.898
= -1g87.99
Fox-1888 N.

“Best 0} Zuck
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