MUHEND iSLiK MEKAN iGi

10. HAFTA: KINETIiK
Newton’'un 2. kanunu

Newton’'un 2. kanunu: Bir parcacga etki eden kuvvetlerin bg&esi parcag@in
ivmesiyle orantilidir.

L/
X

Y F=ma

Kartezyen koordinatlarda hareket denklemleri:

E
ma

> F =ma,
ZFy:may
D F, =ma,

Tegetsel ve normal koordinatlarda haraket denklemleri

a =V
2 F =may t . _
> F,=ma, where an=7:,0,82
ZFb:rnab ab:0

ORNEK1: Newton'un 2. kanunu



m 90 - V*
X '

A particle is ejected into a moving fluid of velgciv' . The drag force applied
by the fluid onto the particle is proportion to teocity of the particle relative
to the fluid. Calculate the equation of the motadithe projectile.

\

COzum:

FDy =Cv

ma,
o— - l—' ma,

|:Dx = C(Vx + V*)

mg
Z F =ma, =
dv \
L =-C(v, +Vv
ot (Ve +Vv)
integrasyon ile
dt
I(V +V ) I

= In(v, +V') :—Et+D1
m

t =0V, =V, co0s8,= Dy =In(v, cosf+V )
dx b,
=V, :E:(vocos%v )em —v



Integrasyon ile
_c
m

m . .
X = _E(V" cosg+v)e™ —-vt+D,

t=0x=0=D, :g(vo cosg+ V')

m =t
=X = c (v,cosf+Vv)(1l-e ™)-vt

ZFy:may:
dv

y

-Cv,-mg=m—~

dt
av C
— Y -4t
v, + o m
Y C

Integrasyonla

m . _ C
In(vy +Eg)— —Et*‘ Dy

t=0v, =sinf,= D, = In(vosin9+gg)

Integrasyon ile

C
m —t+D, m
=——em ——gt+D
t=0,y=0=D,=¢e"
. m m -t m
=(v.sin+—qg)l—-—e ™)—-—qt
=Y =(V, Cg)( c ) c 9

ORNEK2: Newton’un 2. kanunu



A bead of masenmoves on a bar. The bar is shaped as shown ingile fSo

that Y = X" If the bar is smooth and the particle is reledsah rest at the
position X= X, | calculate the equation of motion of the beadthedorce
applied by the bar on the bead*at %o .

COozum:

Kinematik iligki:
d
tand = & nx"*
dx
dy
7 n-1
sin@ = d); = \/ nX2 o

dx



1 1

cosf = & : \/1+n2 —
1+(&)
a, = X
d d d dyv d d
a,=§= ()= ()= ()

dx dt’  dt

_ n2 2
:>ay—n(n DX"? %% + nx"'x

Kinetik:
D> F,=ma, = -Nsind=mx (1)
ZFy =ma, = -mg+ Ncosd=my (2)

I S
M ang ™Y

Hareket denklemi:

— =n(n-1)x"?X* + nx"'X

At x=x,X=0= Yy, =nx] "% =
(1) - =Nsing, nx)™ = mnx) %
(2) - —mg+ N cosf, = mnx) X

— N(sing, nx)™ + co), )= -
N =mg/(sing, nx)™" + cos, )
mg

\/1 + n2)(02(n—1)
ORNEK3: Newton’'un 2. kanunu
\
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The box B sits on the bed of a truck which is gaangund a turn of radiué .
At this instant the truck has a spe¥d Vo. If the coefficient of friction between

B and the bed i¢%, calculate the maximum rate at which the trucses! can
increase without making the box slip.

Cozum:

mg

& 2

fl
& & f, — v
6 p ma, = NV

N

(D
=}

2
an:m:—flcow+Nsim:m% @)
dYF=ma = f,=mv (2)
> F, =ma, = -mg+ f,sind+Nco=0 (3)

Kaymasarti,

= f =i’ +f; =N (4)

(2) denklemi (4), te yerine konursa

V2 +(mv)?
Hs (5)

(5) denklemi (1) ve (3) te yerine konursa

N =



f.2 + (mv)? 2
—flcosé?+\/l ™) sing=m=  (6)
n o

()
-mg + f,sing+ . cosd =0 (7)
(6) xcosd — (7)x sind =
2

f, = mgsin@—m\% (8)

(8) denklemi (7), te yerine konursa
2

—-mg +(mgsing - m\%)sine

2
\/(mgsiné’—m\g)z+ (V)2

Hs

+

cosd=0 (9)

2 )2
[(gsine—vg)sine—gws )

:VT cosd ( _(gsm'g_\%)z

Silindirik koordinat sisteminde hareket denklemi:
zFr:mar ar=f'—r92 1d

> Fy=ma, where a3:2r'9+r9:?a(r26?)
z FZ = ma, ay = 7

ORNEK 4: Newton’'un 2. kanunu
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A patrticle starts at A with an initial velocity ok, and moves down the smooth
circular ramp up to point B when it separates. (lfae equation of motion of

the particle and the ang@a at which it separates.

Cozum:
ma, =m(i —ré ?)
ma, =m(2ré+rf)
Kinematik:
I = constant
—a =f-r@’=-r@?
a, =2r6+rf=ré
Kinetik:
> F =ma, = N-mgcosf=-mrd? (1)
> F, =ma, = mgsind=mré (2)
(2)

N=0



(1) = —gcos, =-r&?> (3)
Integrasyon

. .déo
e_ed—g

) . dé _
mré = mer—e =mgsiné
—=rddé=gsinddé

2

:>r7=—gcosé?+c (4)
A daki balangi¢ kaullarindan
. Y
Vr:rZO’V9:r9:V0:>at QZO,QZTO
1v. ?
>C=g+——2
J 21

C (4) te yerine konursa
3 2 2

v
—=-gcosf, +g+-> (5
gcostp +g+5- (5)

=T
2

V2

g+,

= g, =cos* ngr)

Free-Body diagram:A diagram showing the particle under consideratind
all the forces acting on the particle. Each forcthis diagram must be labeled.

Gravity: The force of gravity is equal to the mass timesabeeleration of
gravity and is applied at the center of gravityd) of the body.

CG



String or cable: A mechanical device that can only transmit a terfsifce
along itself.

Linear spring: A mechanical device which exerts a force proposida its
extension along its line of action.

i | ! |

F
o k — ANANAN—— >
| AN
Free Spring Stretched Spring
F = ks
Example 5:

Frictionless and massless pulley$or a frictionless and massless pulley, the
tension in the cable is the same on both sideseoptilley.

T

\

v




EXAMPLE 5 : Newton’s 2 law

a

The particle of mass moves on the smooth rod. The spring has an ithéregth

of ly and a stiff ok. Obtain the equation of motion of the particle.

Solution:
F=k(-1) Mg
\?
M
Kinematics:
| =4/Xx%®+a?, costl5
Kinetics:

Y F, =ma, = mg- F, cosd = mx

— mg — k(| —|O)|—X:mx

= mg —k(1—|—°)x: mX

VX2 +a?



The above is the equation of motion.

Example 6Newton’s 2" law

(a) (b)
T/ T/
F m

m m

Calculate the acceleration of A for each of the systems. Sét=mg and
compare the acceleration of A in each system.

Solution (a):

(a)
F

@m ) m

Y F=ma

= —2F + mg =mX,

=X, =g-—



F=mg=

2
XA =9 _?mg =—g
(i.e. moves up)
Solution (b):
Kinematics:
(D (2) ©)
T T
T
- A
Xg X = _
m o 1 m><1 mg M
Kinematics:
2XA + XB = constant
= 2X, +X; =0
= 2%, =Xg (D)
Z F=ma for A
= 2T+mg=mX, (2
Z F=ma g

= -T+mg = X, (3)
Solve (1), (2), (3) to get

5






