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(1) Angular Quantities

Based on the uniform circular motion, many new parameters have been
located to describe this type of motion, such as angular displacement,
angular velocity, angular acceleration and kinematics angular equations.

I._Angular Displacement (0 ) asj a>hy

It is usually expressed in degrees or in radians (or in revolutions).
One radian is the angle subtended at the center of a circle by an
arc equal in length to the radius

A b Chai e sl Jgb s (gley B ASA gl decd il 0L Cay s oSS
Since circumference = 2xr , the angular displacement in one
revolution is 2z r

Where 1 revolution =360° = 2T, _
1 radian (k8 aidgg)y) = 360/2r  or |1 radian = 57.3°

Note:
* radian is a measure of an angle
 radian = (arc length/radius length) and is given by: & —

S
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ii. Angular Velocity (@ ) 49 ¥ ds )

It Is expressed In radian/sec (or revolutions/min, rpm). If a body
describes an angle (0 ) radians in (t) sec, its average angular

speed (@) In radians per second (rad/sec) is: A O
“ T At
The angular velocity can be also given by: w = 27

Where f is the frequency in rev. /sec (Hz)
<€ >

iii. Angular Acceleration (a), (rad. / sec?) 4ug 3 ddaall

If the angular velocity of a body changes uniformly from ()
to (@) In t sec, the angular acceleration (a) is given in:

Aw @O — @,

At At
It is expressed in (radian per sec) per sec (rad. / sec?)

o =



Iv. Relation between Angular and Linear Quantities

_ S
—..(rad)

7 Where:

14 % S = length of arc in (m)

7 (rad /'s) % r =radius of circle in (m)

’ % V = linear speed in (m/s)

a=2 (rad / 2 ) % a = linear acceleration in (m/s?)
r
Notes

You can also convert the linear laws of the circular motion into
the angular form as following:

The Centripetal Acceleration a. A The Centripetal Force F,

A1 ES ) 8 S Aol A1 ES 1 8 AL 8l
V? @.r)° V?
g=Y_ (@) _ 2y F.=m—=mo°r
r r \/ r




Units and Conversions <> gad g <laa g

eRadian = 57.3 degrees
eRadian = Revolution/2 1r
ot =12 Inch=30.48 cm
elnch =254 cm

eMile =1.61 km

ol mile/hr =0.447 m/s

erpm = (7w /30) rad/s
erps=(2T1) rad/s

ePound (Ib) = 0.454 Kkg.
eGravity, g = 9.8m/s? = 32 ft/s?

Ex 1: A 36 cm pendulum
swings through a 9 cm
arc. Find the angular
displacement (0) in
radians and in degrees.

O = E = i = 0.25radian

r 36

6 =0.25*57.3° =14.3°

<€ >

Ex 2: Convert:

* 5 radian to revolution

* 300 revolution to radian
* 720 rpm to rad/s

*S5rad=5/2n =25/n rev.
*300rev.=300*2 w7 =6007 rad.
*720rpm =720 * 7w/ 30 =24 «t rad/s.




(2) Basic Concepts 4S_all 4yl amlia

The following are good examples for this type of motion:

o Vibration of a quartz crystal in a watch wleldi jas & 5,151 855k 315200
e Swinging pendulum gdi Jguds

e Sound vibration of the clarinets wsal il

e Back-forth motion of the piston in the car engine.cis e g st
e Motion of mass attached to a spring ..... etc. 3,0y & dxie S &>

* You can clearly note that, all these examples repeat themselves
and have a repetitive or cyclic motion. In this chapter, we develop
some descriptions of oscillatory motion that applies to many

engineering systems. F

The periodical Time (T)

It is the time (in second) required
for one oscillation

eS80 s 201 a1 g2 (53901 ot | @




The frequency ()

It is the number of vibration made per second in Hz.

Fpbl Bugy yyg Bl AW (8 Al Oty Yl s ga 33 )
(T=1/1)

The Displacement (x)

It is the distance (in m) of the vibrating body
at any instant from its normal position of rest.
Qe dad 3 j2ghl pud! poge G BLLL) 2 Dl el B3 § 1Y)

P (R SRS TN

The Amplitude A
It is the maximum displacement (in my made by

the vibrating body in any direction.
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(3) Simple Harmonic Motion (SHM)

Mechanical oscillation can be studied with the aid of block-
spring system as shown in the figure. The motion of mass (m) is
recorded on a strip of paper that moves at a constant speed. We
can find that the motion is represented by a sinusoidal wave.

I. Displacement (x) of SHM

%
X = ACoswt
Where:
« X=Aat(t=0) {
e A:the amplitude of the motion in (m).

f\/\f\f\
VARV

uu)

e ®:. the angular frequency (2r f) in rad/s. X

But in general, we can write the formula as:™ |

o (ot+@)isthe phase angle skl asf

X = ACos(at + )

@ is the initial phase (or the phase constant) jshll cau ¢




Notes of SHM:
1) The amplitude A is constant and doesn't depend on time

Adadd) yheae 848 Jo dazad o 81 ey Je dodudd) dS 31 (8 8y ma) daw daes Y

2) The restoring force acting on the spring is always
proportional to its displacement from the normal position of rest
and in a direction opposite to the displacement, i.e. toward the
normal position of rest
Jady ad B A-Y1 e o s b desas St s Ly g sis il 868
B3 Il old) WSe gald) 0S5 3l zaY)

3) The frequency is independent on the amplitude.
dods b\ & gy @V AR I e denry s 81 aY) dre e Bghl A5 555 deanyY

1. Velocity (V)of SHM 1i. Acceleration (a)of SHM
_dX _ % d2x oo
Vo= dt X a= dt? =2

@)
V =X =—-wASin(awt + ¢) a=X —— A.Cos(awt + @)



Using the relations: Cos(at + o) =% and  Sin(wt + @) = 1/1— Cos? (et + @)
to prove that:

O
VeXz=-oJA2-X?2 a—=X—_—w?X

or oo =
X+ X =0

According to these equations, at X = 0 (when the mass passes its equilibrium
position), the maximum velocity V., IS given by:
Vmax

= . A
However, the maximum acceleration will occur when X = A then become:
L 2
A — @ A

<€ >
Iv. Kinetic Energy (K.E) of SHM

2 2
A mass (m) which makes SHM, has a velocity: V = a)\/A — X
its kinetic energy at the time tis given by: K.E=0.5m V?

K.E:%mwz(Az—Xz) and @ x =0 K.EmaX:%ma)zAzleAz

Where K is a constant called the force constant K = meo?



V. Potential Energy (P.E) of SHM

The potential energy of the mass m at its equilibrium position is zero
since there is no forces acting on it. As the mass makes a displacement

X, aforce Fgivenby: F=ma=-m w?X

This force will act on the body so that it acquires a potential energy P.E given

by: X X
P.E = —jF.dx = —j—(ma)ZX)dx
0) 0]

P.E:%ma)zx2

Note that:
1- as the displacement x from the equilibrium position increases,

the kinetic energy decreases, while the potential energy increases

2- when x reaches a maximum value x = A, the potential energy
reaches to its maximum value P.E, ., where: PE - 1w2az = ka2



Thus: K.E.,,=P.E

T MmaxX

V. Mechanical Energy (U) of SHM

The total mechanical energy U of oscillator is given by:

U=K.E+P.E

1 1

U :Ema)Z(AZ—XZ)+Ema)2X2

U zima)zA2 ZEKA2 Then
2 2

The variation of the kinetic and potential
energies as a function of X, for a harmonic
oscillator is illustrated by the graph:

It was found that, all SHMs are

characterized by a parabolic curve
where the potential energy is proportional
to the square of the displacement.

U=KE_ =PE

MmaX

Energy

{ PE

K.E

X=<A

0 X=A X



Ex 3:

1. A4 1b steel block vibrates in SHM with amplitude A | - At X=A=9inch,

=9 inch and period T=3 Sec. Find: Eltmar 2=
- The frequency e = (4132 slug) x 3.29 ft/s"=0.41 Ib
- Max. speed and the speed at displacement x = 6 inch
- Max. acceleration and at displacement x = 6 inch
- Max. restoring force acting on itand at x =5 inch

where the restoring force is proportional to
displacement x, and F = 0.41 Ib at x = 9 inch,
restoring force at x = 5 inch Is given by:

- Max. KE 2 v
. Max PE F=5/9x041=0.321b.
- Total energy of the vibrating block at any position U | Note:
Sol: o 1slug=321h=14.59 kg.
- Frequencyv=1/T =033 Hz o 1kg. Weight = 2.205 Ib = 9.8 Newton
% Vmax & a)A =2mvA=157 ft/sec. . KEpex= 0.5m V2 max (at X= 0)

= N _ ;
Atx=6inch, V =@ A2 — X2 =117 ftlsec = 0.5 (4132 slug) (.57 ftls°) = 0.154 ft-Ib

5 . PEnx=KEm= 0154 1ft-Io  (atends of path)
Aoy =0 A =329 ft/sec’ toward center of path
ALX=Biboh- B 02X =219 s . Total energy U atany position:

U =P.Epa = KEnex = 0.154 ft-Ib




Sheet 1

1. Aspring makes 12 vibrations in 3 seconds. Find the period T and frequency v of the

vibration. (4 Hz)
2. A5 gm body is suspended by a long and light spiral spring. An added force of 2 N
stretches the spring 4 cm. Find:  * The force constant (50 N/m)

3. A body oscillates with SHM along the x-axis. Its displacement varies with time

according to equation:
X =0.04Cos(zt+7z/4)

where t in sec and the angles in radian. Find:

a. The amplitude, frequency, the period of this motion

b. Find the velocity and acceleration of the body as a function in time t

c. Calculate the position, velocity and acceleration of the body at time = 1 sec.

d. Calculate the max speed and max acceleration of that body

e. Find the displacement of the body betweent=0andt=1s

f. Find the phase angleatt=2s

(4m-05Hz - 2sec - -2.83m - 8.89m/s - 27.9 m/sec? - 4w m/s - 4w° m/s? -

-5.66m - 9n/4 rad )

4. Define the following:

* The period

* The frequency

* The displacement

* The simple harmonic motion




5. Amass of 1 kg vibrates up and down along a straight line, 20 cm long, in SHM with a
period of 4 sec. Find:

* The amplitude

* the speed and acceleration at the midpoint of its path

* the speed and acceleration at the upper end of its path * the speed and acceleration
when its displacement is 4 cm * the restoring force at the midpoint of its path

* the restoring force at the lower end of its path

* the restoring force at displacement of 8 cm below the center of its path.

Answers:

(10 cm — 5% cm/sec — 0 cm/sec? — 0 cm/sec — 2.572 cm/sec — 14.4 cm/sec - 2 cm/sec? — 0 —
0.0257®> N—-0.02*N)

6. A 0.7 kg mass connected to a light spring of force constant 30 N/m oscillates on a
horizontal friction less track, find:

a. the total energy of the system

b. the max. speed of the mass if the amplitude of the motion is 3 cm.

c. the velocity when the displacement is 2 cm

d. the kinetic and potential energies of the system at displacement =2 cm

Answers: (0.0135J-0.196 m/s - 0.146 m/s - 0.0075J - 0.006 J)

7. The initial phase of harmonic vibration = 0. Its velocity = 3 cm/s at displacement = 2.4
cm. While, its velocity = 2 cm/s at displacement = 2.8 cm. Find the amplitude and the
perodical time of this vibration. (0.031 m - 4.1 sec)



8. a 200 gm mass is attached to a spring of force constant K=5.6 N/m and set into
oscillation with amplitude A =25 cm. Find:

*Frequency  *Period *Max. Speed  * Max. Force

Ans: (0.842Hz - 1.187Sec - 1.323m/s - 14N)

9. Amass m of 800 gm is attached to a spring with a force constant K=80 N/m. The
mass is pulled a distance x = 10 cm from its equilibrium position at x =0 on a
frictionless surface and released from rest at t = 0. Evaluate:

* The angular frequency and the period

* The amplitude and the initial phase constant, ¢.

* The max. speed and max. acceleration of the mass

* The equation of the displacement function X (t).

Ans: (10 rad/s-0.628sec.—0.1m-0°-1m/s -10m/s?— X (t) =0.1 Cos (10t +0°))

10. A pendulum makes 90 vibrations in 1 minute. Find the period and the frequency
(0.7sec. - 15Hz)

11. Convert:

* 50 revolutions to radian

* 48 1r radians to revolutions

* 10 radian to degrees

» 1500 revolution per minute (rpm) to rad/s

(100 7 — 24 rev. — 573°—-50 7T rad/s)



12. A ball of mass 0.5 kg is attached to the end of a wire whose length is 150 cm. The ball
is whirled in a horizontal circle as in Fig. 5. What is the maximum tension can the wire
response to provide the ball with a maximum speed of 5 m/s ? (8.33 N)

13. The angular speed of a disk decreases uniformly from 12 to 4 rad/s in 16 sec.
Compute the angular acceleration and the number of revolutions made in this time.
(-0.5 rad/s - 64/1T rev.)

14. What is the max speed at which an automobile can round a curve of 80 ft radius on

a level road if the coefficient of friction between the tires and the road is 0.3 ?
(27.7 ft/sec)

15. A ball at point B is fastened to one end
of a string 24 cm long, and the other end is
attached to a fixed point O. The ball
describes a horizontal circle of radius CB
about a center vertically under O. Find
the speed of the ball in its circular path if
the string makes an angle of 30° with the
vertical as shown in the Figure.
(0.824 m/s)




