I EF,..\'ﬂmpfe ]

A -f}&l;;l.-a'fmﬂss [ 12 tons and the driving The body inters the clowd with velocity
Sorce of its engine is 5600 kg . wi . If the #
resistance to the motion of the train is U =900km / h =900 x ITH 250m / sec

directly proportional (o the square of ifs
velocity and this resistance is 32 kg wt for ~A=—49 m/sec™ , 1 =20 second
each ton of the mass when its velocity was

F=U+At = V=250-49x20=152
60 ke / h. Calcidate the mavimem velocity — m /sec = 547.2km 7 h

of the train . | & Example | A car of mass 2.5 tons started
R o V7 motion from rest along a st. road with
R, _ ;_r_ wniferm acceleration under the action of
X.. ¥ its movar driving force whose magniinde is
32x112 _60° 325 kg . wt . and the road resistance whaose
: > '5"':::; - :’:r : magnitude is 50 kg . wt per each ton of its
, =75 km / h

R, =32 =x112kgwt
V, =60km / h
R, =F=5600

Newton's second law

8 Example

A flving body of mass 800 kg flies in space with
uniform maotion with speed of 900 kvl
suddenly it enters a cloud of dust which acis en
it with a force of friction { resistance ) whose

magnitide is ':T kg . wi for each kifogram of its

mass. Find its velocily after coming oul of the
clowd , if it stayed inside the clond jor 20
seconds.

@' Sofution

!
= 3 x 800 =400 kg wi

X mrofinn

=4 « 9.8 = 30240 newton

—R =mi A

3920 x =8004 = A=—49x m/ sec’

mass. Find magnitude of the car velocity
afier 25 seconds of the start of motion. If
the driving engine is stopped after this
instant , and the magnittde of the
resistance didn’t change. Find the time
taken after this instant until the car comes
fo rest.

& Solution |

F=325kg.wi = 325298 = 3185 N

R=25x50 kg.mi = 25x50 x98 =
f228° N

Tergfdeen
e F=R=mA g — Fdl'?il';ﬂgﬁ.lﬂ'f
.H_J—-

FI85 — 1225 =2500A

L1 3
= A =%m £ sec”

afier 25 seconds V=U+ At

o
B =ﬂ+ix25 = [9.6m / sec
125



When the engine is stopped

-R=mA"
—1225 =2500A4" = A'=—0.49m / sec’

U=196 , V=0 , A'=-049
IFraekiang
V'=U+ At R —*
—

0=196-049xt = 1=405ec

8 Example (A helicopter of mass 2 fons is

ascending vertically with uniform acceleration
0.49 m/sec’ against a constant resistance of ...
magnitude 450 kg . wt per each ton af its mass.
Calculate the magnitwde aof the lifting force of
@ Solufion

the plane motor in kg . wi.

Weight w =mg=2000x 9.8 N

Resistance R=450x2x 98 N . FL
F=-w-R=ma I [J
F— 19600 - 8820 = 2000 x 0.49 1w

H L
Foo= 2040 Newfon

=300 kg . wi

& Example | 4 force F acts upan a body so
its displacement after a time ( ) is given by

0 % - : :
X ={ o Y420 ) ¢ where ¢ ix a unit vecror in

the direction of F. If the momenium of this

body after 3 seconds is 19 ¢ . Find the mass
of this body and the magnitude of F

@' Sofution

§=|"113+2¢'J'f;
7
F=r‘;’f—:+z;$

H=f£;5

e |

,"' mropeesfunt is 19 E faf (=3

19¢ =mi

J'!*E=mr=;;i+.?j ¢

m=35 unir

sk e 8- -
F=mA =3..‘F.H;c =4 ¢ unit
Newton's third law
| & Example
Find the reaciion of a lift on a person

inside it , whose mass is 70 kg in newtons
in the folfowing cases :

1) If the lift moving with a uniform velocity

2) If the lift moving with a aniform
aceeleration of magnitude 1.2 misec’
vertically upwards .

3) If the lift moving with a aniform
acceleration of magnitade 1.8 m/sec’

verfically downwards . & Solutian |

Cuse |- | The lift moving with

wiriform velecity

. N=mg N=T70x 9.8=686 N

Case2: [ the lift moving upwards with

accelerafion



e N=mig+a) e stage : uniform motion with velocity 4a

vee N=TO(9.8+ 1.2 ) =770 newtan S, =Vt +4ax3 =12a (2)

Case 3 : ,.'; the fift moving downwards with
A £ i stage : U=da F=d,f=2
acceleration J

acceleratfon = a  retardation )

. N=m{g-a)=70(9.8-18)=560 N

we V=U-ad
o Lxample | A lift ascends from rest with a D=da-2a" at=2a
uniform acceleration for 4 seconds , then with
uniform velocity for 3 seconds then with N =l - -;-u 't

uniform deceleration for 2 seconds so it comes fo

=daf 2) -%r‘!u,lfdj = 58 =i
v 85,485,445, =046
w la+l2a+da=26

Ma=9%6 =a=04m/ sec’
and if there is a man of mass 73.5 kg inside the w e et

fift, Find his pressure on the floor of the lift
during each af the three stages.

(1)
rest when it reaches a point 9.6 m height above

the starting point. Find the magnitude of the
acceleration in each of the 1" and last stages,

. the pressure of the man at 1V staze

@ Solution

stage: U=0 Y o= P? . N=m{g+a)
t=4 acceleration = a =73.5(98+04)=749.7 N
V=il +q1 = 70.5 kg.wit
=dtde = Frda The pressure af the 2 stage
8, =l +§.m-‘ N=mg=720.3N = 73.5kg. wt
=ﬁ+%w 16 ) L8, =80 (1) The pressure af 37 stage
N=mig+a)
T T
=735(%8-08)
A" stape Fe-2

=6615 N =67.5kg.wt




Meotion of a hody on a smeoth inclined plane.

s Example |ex A body af mass 1 kg is placed on a

smooil inclined plene of inclination 30 (o the
harizontal a force of magnitude 10 Newions acts
an the body along a line of greatest slope
spwards, Find the magnitude of the force of
reaction of the plane on it and find afso irs

acceleration . &' Sofution

J3

N = mg cos 30 =I:-:ﬂ.3xT‘

-

M3

=-i'.'3~.l'? Newto = T
N

F—mg sin 30 = ma

10-=1%98 xé-f%"'”

a =51 muec’ f i s +ve

.. Ule motion upwards

& Example | A body of mass 2 kg is moving

along a line of greatest slope of a smooth plane
inclined ar an angle of measure 60° o the
frorizontal under the action of a force of
magnitude 1 kg owt directed towards the plane
and making an angle of measure 30° with the
horizontal upwards. Find the magnitude of the
reaction force on the body and find alse the

aceceleration. | 8 Solution |

N =Fsin 30 + mg cos 68 Feoxzo

I !
=/x88x-+2x98
% x‘?+ ® :u:13

migr i
g K

= 147 newton

= 1.5 kg. wt

Aflse  Feos 30 - mg sin 600=m a

J3

!M!J.HHT—Exﬂ.Exg:}ﬂ

a=- 2453 msec’

the motion downwards

"o Example | A body of mass 500 gm is

placed on a smooth plane inclined fo the
lrorizonital af an angle of measure 8

wiere sinf= % . Force of 500 gm .wi

acting paralfel fo the plane acts on the
bady. Find the acceleration of motion if
the force equal zero after 2 seconds , Find
the distance which the body ascends wmiil
it stops instantaneonsly. | ¢ Solufion

F—mgsing =ma
500 = 980 — 500 = Pﬂﬂx% =500 a

oo @1 =392 cmi/sec’
After 2 seconds :
=0, V=2 ,1=2 ,a=392
 V=U+al
=0+392x 2 ... V=784 cm/5ec.
When F=10

" b,
-mg sind=ma

a= - 980 x% = . 588 em/svec’

-



Impulse & Collision

& Lxample | Twe smooth spheres of masses
100 gm, 200 gm are moving on herizontal
gronnd in the same si. line, The velocity af
mg the first is I m /sec. and the velocity of the
second is 2 m / sec in an epposite direction,
if the twa spheres are collide, 5o that the

oo The body maves with starting velocity 784

F i

cmisec, amd accelerafion - 588 cm/sec”. second .!lpﬁ-l“l':f moves in the same divection
= g Vi b with velocity 0.75 m /sec, after impact, Find

FELOE § - B the velocity of the first sphere and the

| vi=uU?4+2a8 | & Solution e second sphere on it.

2 —*4
B=(784)" —2x588 =8 = &§=522 Ecm
i - -n—

b Example | A rongh inclined plane its fength /_‘\ (/_\

is 40 m and its height is 10 m. If a body is \_/ IIJ
1 i

prajected up the plane from the bottom , Find v lQ j
the teast velocity by which it must be prajected fo et Vpm=t V=22 V,=-0.75
reach the top of the plane given that the force of 1o 200 104 26H)
the friction of the plane is 5 af the weight of the Before after

F b o\ %
mV, +mV,=mpy, —m},

body, | @' Solution | wreficon /
/'-I'H

|
R= .’ nig /R

. !
-mg sin=x - 7 mg = ma = e == L5 m/sec opposite in direction

1 T00(T) + 200(-2) =106 (V' ", ) + 200 ( -

g n75)

The impulse of the second sphere
I f
L a==98 K—E-IKPH
. = m,(V,"-¥,)
e 0=~ 4.9 misec”,
= 00 - 150 = 100 ) = - 25000 dyne . sec
V=" +2a%

0=0"=2%x49 x40
U =142 m 7 sec.




Work - power - energy | The man returned to the starting paint

& Example | 4 particle moves from the origin o =

s

woo the rotal displacement = @
{8, 0)tothepoint A{2,0) Along a st line , o

then o the point B=( 7,2 ) on a st. line also sw=F .8 — mgsin 8x0 =§£|

wnder the action of a force F=—4i . Caleulate

: = the resistance is always opposite to the
the work done by this force during each of these

. motion,
fwa displacement , then prove that the sum of the

_ ,."r the resistance oppasite fo tlhe motion
fwo warks is equal to the work done along the s

resultant displacement . | &' Solution g3 voe the wark done by resistance
S:=04 =(2,0) =. RS . S=y
0 & Ana =-15x 150 = (9%-) %60
I.E, J’H
w,=F (1 § =(-4,00 (2,0)=-8 unit
=. 2250 Kg.wim = 150m

S:=AB=0B -0A4 =(7,2)-(2,0)=(5,
2) = (-4,0)0 (5,2 =-20unit

& Example | A bullet of mass 25 gm is

prajecied with horizontal velocity of
e sum of the two works = w, +w, =-8-20 magnitude 5.6 cm /sec” at a vertical target
=28 unit of wood. It embed throngh it and comes to
rest after sec. Calculate the work done by

The resuliant displacement §S=08B =(7,2) R e P Lo ¥ e A

w=F 08§ =(-4,0)0 (7,2)=-28 unit  pycide the wood. @' Solution

& Example | 4 man ascends a st road inclinedamt | ¥ =V + a1

an angle of 30 fo the horizontal, e moved a 0=356+al ﬁ }

distance 300 m then he returned 1o the starting

paint. Find the work done by its weight through oo a=-196m/sec’

out the whole journey, if the resistance force fo Vi=U"+ 2as

the morion af the man is egual to 2 kg wi during O=(56)=2 %1965 ypuy w6
his motion find the wark done by this force v 5= 0.08 m 2 -
during the whole journey. Fram newton's 3 taw "

@ Sofurion

- R =ma




-8R =0.025 x - 496

... B =4.9newtan
Work w=-RS =-49 0.08 =-0392 joule
=392 % 10" reg

Ve = 360 x Ji!i = [im / sec.

5 2w
V., =240 ::H = Tm / sec.

The power Af the max. velocity F=R
A train of mass 150 tons, the power of ity engine . the power = R xV'

is 392 & . wart, moves along a horizontal straight u ;
E em—— I m—

road whose resistance to irs motion is 0,02 from

the weight of the train. Find the maxinum S %75 =R x 100 = R__=405kg.wi

velocity of the train. | @ Selution

* R oV
The power =392 k. walt . Raw - J_n;_
R ¥,
& : I
302 5 10 gt 2 00 o, . #05 _(100)
9.8 R. 200 ,
: =)
msec 3
d05 w0000
ik = = 80 ke Wi
The resistance = 0,02 = 50 = 1000 £ TO00 » 9 aw
= jﬂﬂﬂ ﬁy . 8 Exﬂ"].pf_g .r“ rmfﬂ #fmm ?j' Ry ¥ 'ﬂ"ﬂ.

At the max. velocity , the motion is uniform EE FOREr S LRI R L e IR ON 8

harizontal road with its max. velocity which is 72
F=R = F=3000kg.wt (drivingforce o, /b Find the road resistance to its motion.

the power=F x V 0000 = 3000 = 1 Find also the max. velocity of the frain when it
ascends a road inclined o the horizontal af an
40
Vo= Tm ! sec. angle of sine  assuming that the resistance is the

samie on the wo roads, E & Solution

8 Exampie | An airplane fTies in a horizontal si.

{ine nnder the action of @ resistance I : The motion on a herizontal road
rapartional 1o the square of its velocity if the

i - f oy Power = 120 » 75 = 9000 kg . wt . m / sec.

power aof the maximum velocity of the airplane is

340 horse and the maximum velocity of the 0 72 2o 2W0m / sec

airplane is 360 ke /. Find the resistance when

irs velocity becomes 240 km / h. at the max. velocity F=R

y Sofution
. o power =R x V s
e

Aea————— 31— % F




DO =R x 20 = R=450 kg. wi
2“" - The marion on the inclined rogd

At the max, velocity

F=R+ mgsin 8
w 08+7 a,
450 = 9.8+ 75 = 1000 = foﬂﬂﬂ
= 760 newton = [200 kg . wi

| The power doesn't change af the max.

velacity

Q000 = 200 = V Vo= 75 m/sec

& Example | A constant force F = 3i+4 J

measured in wnits of dune , acis on body. The
displacement vecror of the body is

S5 A 1
8 =1i +(F:*+:,lj where (s measured by

second and S by cm. Find the power of at the
instant 1= 2,

w=F . &

=(3i+4j) . (1i+( %r"ﬂjj}
=31 +2t" +41

=2i"+7¢

i
The power = —
P ift

=41 +7

af (=2 Thepower= 4(2)+7=15erg/sec

Let F=xi+yj

= =

w=F , §
=(x(t’+1)=-3yj

iw
The power = —
£ 7

=2ix -3y
af F=2 = power = [4
v X =3y =14 (1)
afl =3 = power =24
oo DX =3y =24 (2)
Subtract (1) from (2)

o 2e=10  |x=5| | y=2

e F=S5i42j

& Example | A const force acts on a body and

the displacement of the body is given by
F=(t’ +1)i=3t] ifthe power of the force F

Ethj .“ Eﬂjﬂ'ﬂ'ﬂﬂ
24 erg /5ec at T=3. Find

¢ =2 and its power equals

@ Nofurion

| & Example | A car of mass 3 tons moves

on ¢ road inclined to the horizontal at on
!
angle of sin 50 if the car ascends the

Foad with max, velocity 22.5 km /I and
it descends the dame road with max.
velocity 90 km / h. determine the
magnitude of the resistance of the roaid
o 18 molion assuming that it is the same
in each motion and the power of the

engine of the car.

&' Solurion




Kinetic energy

1" : when the car ascends

5 A A ik
V =225 %x—=625m/ sec | & Example | A body af mass 14 kg. moves
et along a st line and iits displacement

F=R+mg sin vector during the time interval (1) is

. — I a ~
at the max. velocity F=R given by § =( El'" —t’ + 14 )¢ wherec

power =R % V is a unit vector in the direction of its

mrofion and ¢ ix measured in seconds and

W =R 200 R=450kg.wi : i
R f the magnitiede of 8 is measured in

I meters. Find the increase of the Kinetic
e F=RE3 % 1000 x 9.8 RH

energy of the body between 1 =4 second

.. F=R+ 588 newton mgins-2 and =7 second. é Solution
m; —
the power = Fx V__ F=%=rr:“21)5
=(R+3588) %625 =625 R+3675 (1) s

I : when the car descends .
V,=(4"=2(4)})=8 m/ sec

=
F'+mgsinf=R T,:imlf’,‘

. F'=R— 588 newton p
thepower=F" V", =(R~-588)x 25 =i b x( &) =448 joule

=25R- 14700 f2)
al =7
[ the power doesn't change
v, =(7°=2(7 ) =35 m/ sec
. 25 R— 14700 = 6.25 R + 3675 f
T =}—~ml*'1‘

oo R=980 newton = 1N kg. wi

%x 14 %(35)° =8575 joule
Subst. in (1) ... the power =6.25 980+ 3675

... e increase of kinetic energy =
T,=T, =83575 - 448 =§I127 joule

= 9800 newton . m /sec = 1000 kg . wi.

m/sec=13 ; forse
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