PHYS 1443 — Section 003
Lecture #12

Monday, Oct. 23, 2002
Dr. Jaehoon Yu

Rocket Propulsion

Fundamentals on Rotation

Rotational Kinematics

Relationship Between Angular and Linear Quantities
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Today’s homework is homework #13 due 12:00pm, Wednesday, Nov. 6!
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Announcements

e 274 Term exam
— Wednesday, Oct. 30, in the class
— Covers chapters 6 - 10

« Magda Cortez, David Hunt and Dhumil Patel, please come
and see me after the class
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Motion of a Group of Particles

We’ve learned that the CM of a system can represent the motion of a system.
Therefore, for an isolated system of many particles in which the total mass
M is preserved, the velocity, total momentum, acceleration of the system are

: =~ drov _de&@l o -6 1, dr ém;/i

Velocity of the system - =Ccamriz=— =
/ ; Ve =" dtgm oMM T
Total Momentum = = amvi _o < _o— -
of the system Pey=Mvem=M=r—=amv.=a P, = P
Acceleration of - dvew _deel o 6 1, dv_ ama
e Vi—==_—_ =
the system dem ~ g dtgma IS Vi Ty
External force exerting [ 3 £ _ 12 =8 ma - dp, | Whatabout the
on the system A o =Macu = Mai = dt internal forces?
. Qr df) : System’s momentum
F (=""a =const| |

If net external force is 0 ar,; " | Peo | < conserved.
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Rocket Propulsion

What is the biggest difference between ordinary vehicles and a rocket?

The force that gives propulsion for normal vehicles isthe friction between the surface
of the road and the tire. The system in this case consists of the tire and the surface of
the road. Newton’s 3" law and the momentum conservation of an isolated system.

Since there is no road to push against, rockets obtain propulsion from momentum
conservation in the system consists of the rocket and gas from burnt fuel.

V———--p

V- Vg V+

Initial momentum before burning fuel | P, = (M + Dm)Vl

Final momentum after burning | p; =M (v+Dv)+Dmlv- Vg)l
fuel and ejecting the gas

From momentum conservation_l M (v+Dv)+Drrfv- v, ) = Mv+Dmv MDv = Dmv,
Since dm is the same as dmv, g fdM _ 8 0
: = dv =V;-V=-v,0—=Y,In
—dM, one can obtain dv=—4 s Om é'VTfB
' ' dM
Thrust is the force exerted on the rocket by the ejected gas Thrust = M av_ v,
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Example 9.18

A rocket moving in free space has a speed of 3.0x10° m/s relative to the Earth. Its
engines are turned on, and fuel is ejected in a direction opposte the rocket's motion
at a speed of 5.0x10° m/s relative to rocket. A) What is the speed of the rocket
relative to the Earth once its mass is reduced to one-half the mass before ignition?

V———>p

m Precisely the case we've discussed in the previous slide.
V-V v+ &M, 0 : a(P S0P
“19 Y, v.=y +vg|n§M—';:3.o 10°+5.0" 10" In(2) =65 10°m/'s

g
Find the thrust on the rocket if it burns fuel at the rate of 50kg/s?

Thurst =M ﬂ: \Y/ Ll
dt

° dt

Since the thrust is given proportional to the rate of mass
change or the rate the fuel burns as given in the formula

One can obtain Thurst=

dM , , ,
v, F‘ =5.0"10°m/s” 50kg/s=25"10"N
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Fundamentals on Rotation

Linear motions can be described as the motion of the center of
mass with all the mass of the object concentrated on it.

s this still true for
rotational motions?

No, because different parts of the object have
different linear velocities and accelerations.

Consider a motion of a rigid body — an object that
does not change its shape — rotating about the axis

protruding out of the slide.
The arc length, or sergita, is s = rq

Therefore the angle, g, is g = ri And the unit of
the angle is in radian.

One radian is the angle swept by an arc length equal to the radius of the arc.

Since the circumference of a circle Is 2pr,  360° =2pr/r =2p

The relationship between radian and degrees is 1rad = 360° / 2p =180° /p
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Anqular Displacement, Velocity, and Acceleration
Using what we have learned in the previous slide, how \
would you define the angular displacement? ‘Dq 4 - G ‘

How about the average angular speed? = q
_ o1:.. g _dg

And the instantaneous angular speed? W | Im =

By the same token, the average angular |5 o W =W Dw

acceleration t; -t Dt

And the instantaneous angular ol Dw _ dw
leration? a Ilm -

acceleration” oeo Dt dt

When rotating about a fixed axis, every particle on a rigid object rotates through

the same angle and has the same angular speed and angular acceleration.
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Rotational Kinematics

The first type of motion we have learned in linear kinematics was
under a constant acceleration. We will learn about the rotational
motion under constant acceleration, because these are the simplest
motions in both cases.

Just like the case in linear motion, one can obtain

Angular Speed under constant _ +
angular acceleration: W, =w,; tat

Angular displacement under
constant angular acceleration:

g; =q; +w.t +%at2

One can also obtain sz :Wi2 + 22 (q . - Q. )
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Example 10.1

A wheel rotates with a constant angular acceleration pf 3.50 rad/s?. If
the angular speed of the wheel is 2.00 rad/s at t=0, a) through what

angle does the wheel rotate in 2.00s?

. . qf = ql =wt + l3.t2
Using the angular displacement 2
formula in the previous slide, one gets =200 zoo+%3_50' (200*=11.0rad

:g) rev=1L7/5ev

What is the angular speed at t=2.00s? | w. =w. +at

Using the angular speed and =200+350 200=900ad/s

1

acceleration relationship 4, =11.0rad ||q 2 300+ L350 (0f ~21.8rad

Find the angle through which the wheel o
rotates between t=2.00 s and t=3.00 s. Dg =0;-0,=10.8rad = ?rev. =1.72rev.
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Relationship Between Angular and Linear Quantities

What do we know about a rigid object that rotates
about a fixed axis of rotation?

Every particle (or masslet) in the object moves in a
circle centered at the axis of rotation.

When a point rotates, it has both the linear and angular motion
components in its motion. e

What is the linear component of the motion you see? d}rection
orw

Linear velocity along the tangential direction.  follows
right-hand
rule.

" How do we related this linear component of the motion
with angular component?

: - : ds _d dg —
The arc-length is | S = g | So the tangential speedv, is V, == :E(rq) :rd—iI =Iw

What does this relationship tell you about = Although every particle in the object has the same
the tangential speed of the points in the  angular speed, its tangential speed differs

object and their angular speed?: proportional to its distance from the axis of rotation.
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How about the Accelerations?

How many different linear accelerations do you see
In a circular motion and what are they? Two

Tangential, a,, and the radial acceleration, a..

Since the tangential speed v, is |V = rw

> . .
X The magnitude of tangential B (rw) = w _ g
acceleration a, is dt dt dt
What does this Although every particle in the object has the same angular

relationship tell you? ~ acceleration, its tangential acceleration differs proportional o its
distance from the axis of rotation.

2 2
The radial or centripetal accelerationa, is aT 0 :(”"’) =W
r r

What does  The father away the particle from the rotation axis the more radal
this tell you? acceleration it receives. In other words, it receives more centipetal force.

Total linear accelerationis @ =./g +a? = \/(ra)z +(n/\/2)2:r [22 1
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Example 10.2

Audio information on compact discs are transmitted digitally thiough the readout system consisting of
laser and lenses. The digital information on the disc are stored by the pits and flat areas on the track.
Since the speed of readout system is constant, it reads out thesame number of pits and flats in the same
time interval. In other words, the linear speed is the same nomatter which track is played. a) Assuming
the linear speed is 1.3 m/s, find the angular speed of the discin revolutions per minute when the inner
most (r=23mm) and outer most tracks (r=58mm) are read.

V _13m/s 13
: : . r=2mm W=—= =————5 =56.5rad /= 9.00rev/ s=5.4" 10%rev/min
Using the relationship r 23mm 23 10°

between angular and

i — 1.3m/s 13
tangential speed v=rw r=sgmm w = car ~ 5 107 = 224rad /S = 21" 102rev/ min

— _(w +w, ) _ (540+21Qrevimin

b) The maximum playing time of a standard music W =75~ 2 =SrEmin
CD is 74 minutes and 33 seconds. How many _ 75 )
revolutions does the disk make during that time? g ; =q +wt =0+ Tevs 4473=28 10rer

. ) _ =1.3m/s” 4473s
c) What is the total length of the track past through the readout mechanism? | =vDt i i

. . (W ) W) _(224-56.5)rad/s
d) What is the angular acceleration of the CD over q =\t i] = 24735

o : 5 == 7
the 4473s time interval, assuming constant a " Dt —76" 10%rad/ &
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Rotational Energy

What do you think the kinetic energy of a rigid object
that is undergoing a circular motion is?

Kinetic energy of amasslet, m, K, = % mv? = % mr 2w’
moving at a tangential speed, v;, is

: i . : _ 0 1 1 -
Since a rlgld k_)ody IS a coIIecthn of m_assl_ets, K= a K == é mrizwz :_gﬁé ”ﬂﬁzQWz

the total kinetic energy of the rigid object is . 2- 28 g
By defining a new quantity called, | = é mri2 The above expression K, = —1Ivvz
Moment of Inertia, I, as i is simplified as 2

What are the dimension and unit of Moment of Inertia? kg>m’- ll\/l EJ

What do you think the Measure of resistance of an object to

moment of inertia is? changes in its rotational motion.

What similarity do you see between  Mass and speed in linear kinetic energy are
rotational and linear kinetic energies? replaced by moment of inertia and angular speed.
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Example 10.4

In a system consists of four small spheres as shown in the figure, assuming the radii are
negligible and the rods connecting the particles are massless, compute the moment of
inertia and the rotational kinetic energy when the system rotates about the y-axis at w.

Q

g ) Since the rotation is about y axis, the moment of
inertia about y axis, I, is
b y
_ 2
@ | TAM MR M +m0 e =2uF
b

q

This is because the rotation is done about y axis,

) {ihy €U Soe Use and the radii of the spheres are negligible.

1

1
Thus, the rotational kinetic energy is Kg= 5 lw? = > (2|V|| 2)N2 = Ml aw?

Find the moment of inertia and rotational kinetic energy when the system rotates on
the x-y plane about the z-axis that goes through the origin O.

| =3 M P +MP i+t =2 +mi?) KR=%IW2:%(2MI2+2mb2)/v2:(MI2+mb2)N2
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