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Dynamics and Vibration
e Chapter (2):

-When the acceleration is not constant:

ds

V= E ...... (1)
dv

a = E ...... (2)

L d?s 3)
TR

1
S=5,+ vt + Eact2 ...... (7)

-Rectangular coordinates (x-y):

r=xi+yj
= %i + yj
F =&+ jj

-Projectile motion:

*1f wind is negligible:

For T+y,l —g:
a, =0
Ux = Vxpo
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Uy = Uy,o — gt
vy = V50— 29 — Yo)

1 2
Y=Y +vy,o _Egt

-Circular motion:

V= T'é =Tw

a,=v =10 =ra
2

v :
a, =— =10? = rw?
r

6 = w — angular speed

6 = a — angular acceleration
-Relative motion:

Ta=Tg+Tap

Vs =Tp+Vap

a,=ag+a,5

*Sine law: P

A_B_c Cw

sinw sina sin@

*Cosine law:
C? = A% + B%2 — 2ABcos6

#Note: To change from (rpm) to (m/s) multiply by (2—7;)
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-Constrained motion of connected particles:
Liotar = total length of rope

Liotar = Sa + Sp + Lpuny (In general)
Ltotar = constant, Ly, = constant
-Friction:

Fr = may

F, = ug N Static friction

F,, = u, N Kinetic friction

YE = XYF, = 0 (Atrest)

XE. = may, }.F, = ma, (At motion)

e Chapter (3):

-Rectilinear motion:

2F = may
LB, =ma,
2F, = ma,

a=a,i+ayj+ak
-Work and Kinetic Energy

a) Work associated with a constant force

+ve, P with x

Uiz = Peosa(xz —x1), {—ve P opposite x

b) Work associated with a spring force

Uiy = %k(xf — x3), opposite of body direction

3|Page




c) Work associated with weight

vy, >y, —ve,body rises

U1_>2 = m,g(yl - yZ)l {yz < yl’ -|—’Ue’ bOdy fallS

1
Kinetic energy(T) = Em(vzz —v3)

Work — Energy equation = T; +Uj_, =T,

U1—>2

Power = F.v =

Efficiency = %

mn

Potential Energy

1) Gravitational potential energy
V; = mgh

2) Elastic potential energy

V, = %kxz, always +ve

Work-Energy equation

Ty + Vg +Ver + Uiy =To 4+ Vg + Ve
-Curvilinear motion:

Rectangular coordinates

YF, = ma,

XE, =ma,

n-t coordinates

YF,=ma; > a; =ra

vZ

ZFnzman_)anz_

4| Page




*Normal Force (N)=0 when there is no contact between the body and

the surface

If (a) is not constant we can extract this equation

s=16
ds =rdf
Also vdv = a;ds - vdv = a;rd6
e Chapter (5):
-Rotation
_d_,

dt

dt? dt

wdw = adf

w

If @« = a.,,s¢ —CONStant angular acceleration:

w=w,+a:t

w? = w2+ 2a.(60 - 06,)
1
0=0,+ w,t +Eact2

-Rotation about fixed axis:

V=rw
ar =ra
2 v’
A, =Tw* =— = VW
r
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*using vector notation (by using right hand rule):
V=wXT7T

w normal to the plane of rotation

a, =X (@BX7)=WXV=—-Trw?

=axr

8|

:is increasing — @ is in the direction of @
:is decreasing — d is in the opposite direction of @

. is increasing — a, is in the direction of v

w
—
w
—
w
—
w

-Gear ratio:

——

:is decreasing — a, is in the opposite direction of v

T
Vi =V, SO: W] = Thwy o Wy = r—zwz
1

T

= 5 Gear ratio

&1

*Use the same method to find the angular acceleration

-Absolute motion:

Rolling without slipping Rotation about fixed axes
X A
A

/
)w o

B *The center is not fixed

At center
At center v=7rw=0
V=Tw F zero At point A
At point B, At Point A v=rw

v=0 v = 2rw, 2r=diameter
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-Relative motion:

Relative velocity and relative acceleration
Vs =Vg+Vag

Vpp =TW =W XT

— N _—
as, = ag + aA,B

aap = (@ap)n + (@ap):

(@ap)t =axr

(@) =0 X (@XT) =w XV =—rw

e Chapter (6):

I = mk?

2F = mag

XE, =mag -

+9 YM = I;a — for rotational motion
+9 YM =0 — for rectilinear motion
*For curvilinear motion

2F = magy

2F = mag,

+9YM =0 - wherea =0,w =0
-Fixed axis rotation

+YM; =l

2F, = mag

YF = mag ¢
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+aYM, = 1,a = (I; + md*)a
a, = rw?
a, =ra

-Work-Energy relation

Ui = jfdr
U1_>2 = fMdH
Uiny = F(x —x,) + M(6 — 6,)
1
Kinetic energy =T = Emvz + Ela)2

Potential energy =V, +V,
T1 + Vgl + Vel + U:{_)z = T2 + ng + Vez

Power = P = Fv + mw
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