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Elastic Model
Definition

Real body deforms under external force.
Different from rigid body.

Stress and strain are

. proportional(Hooke’s law)
Stress: force/unlt aread

Strain: fractional deformation due to stress:
Stress

Elastic modules = -
strain
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Young’s modulus

Tensile stress EJA
Tepsile Sgrag
\T: /A

AL

This modulus implies stiffness of the
material

The larger Young's modulus is, the more
rigid the material is and the more
difficult it is to deform. The smaller
Young's modulus is, the softer the
material is and the easier it is to deform.
Young's modulus is a constant in the
elastic deformation region of the stress-
strain curve (usually the linear phase in
which the stress and the strain become
proportional).
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Gravitation

Source: any mass
The gravitation is much weaker than the other

three Fundamental interactions

mimsy 71
Fi, =—G
T2 |12
mZ
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Gravitational Field F M r
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Gravitational Potential Energy

We always set the infinite far place as zero potential.
Then the gravitational potential energy equals the work
done by gravitation from infinite far place to now

GMm
r

U, = —

Then we can have first cosmic velocity, second
cosmic velocity and the third cosmic velocity
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Kapler’s Law 1 and 2

1: Each planet moves in an elliptical orbit with the Sun
at on of the focal point.

2:The line from the Sun to the given planet sweeps out
equals areas in equal time.

If at time At, The area swept by the line between the A P’a““ AssEnl

planet and the sun in At is AA. Then this swept area is 71 "2" M7 0
constant over any equal interval of time. ) L=my" ©=Congy
dS Sride
AA lm
— is constant A= dbdg = L h
At i u b
I ol A
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Kapler’s Law 3

3:The square of the orbital period of a planet is

directly proportional to the cube of the semi-major

axis of its orbit. 3
2maz

T =
VGM

o) -0

Where, m1mz2 is the mass of the two corresponding
planets, T1T2 is the period of the two corresponding
planets moving around the same star, and R1R2 is the
average orbital radius of the two planets moving around
the same star
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Familiar Model : Two Star (JX&£[a)&%)

Model Characteristics

* Two nearby celestial bodies revolve around a point on their connecting line (center of 2‘

mass ) with the same angular velocity w in uniform circular motion.

1. Centripetal Force Balance:

» The centripetal force for circular motion of both celestial bodies is equal to the

gravitational force between them.

o Mathematical expression: mR,,w? = M Rjw?®

* Therefore, %‘- = M \where:
A m

« IR, and I, are the distances from the bodies with masses m and M to the

center of mass O, respectively.

2. Equal Angular Velocity:

* Since both celestial bodies have the same angular velocity w, their linear velocity
ratio equals their distance ratio from the center of mass:

_ M

vy _ Ry
vy Tar m

F

3. Centripetal Force Balance Derivation:

ay ~m <+

where a,, and ayy are the centripetal accelerations of the two bodies.

The centripetal force for circular motion of both bodies is equal:

1
~.§.°‘..,/

ey

4. Orbital Period Formula:

Using the law of universal gravitation and the centripetal force formula, the orbital
period 1" can be derived:

_ i
T =2m G(M+m)

where:

+ L is the distance between the two bodies,

e (G is the gravitational constant.
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Common Conclusion: Density of planet

GMm o (2—W>2R M — 47° R?

R? {4 GT?
2 3
L 37T
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Fundamental Knowledge about the curve

Ellipses, Hyperbolas, and Parabolas Unified Definition:

With a fixed point (focus) and a fixed line (directrix), the path of a point whose distance ratio

to the focus and the directrix is a constant e.

Using the left focus of an ellipse (or the right focus of a hyperbola, or the focus of a
parabola) as the pole F', a polar coordinate system is established with the axis perpendicular
to the directrix as the polar axis, and the perpendicular direction as K.

The unified polar coordinate equation for ellipses, hyperbolas, and parabolas is:

- ep
#= 1 - ecosf

where p is the distance from the point to the directrix, p > 0.

« When 0 < e < 1, the equation represents an ellipse.

* When e > 1, the equation represents a hyperbola; if p > 0, the equation represents only
the right branch of the hyperbola, and if p < 0 is allowed, the equation represents the
entire hyperbola.

* When e = 1, the equation represents a parabola opening to the right.
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[ $8 i 2 AR AR AR T RE - /BT EAY (wuli.wiki)

1+ecos and 1-ecos are both ok
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Important about the conclusion!!!

In the motion of the celestial body, the eccentricity of the orbit is
related to the total energy, when E < 0, it is a closed elliptical orbit,
when E=0, it is a parabola, and when E > 0, it is a hyperbola

The process is not acquired and the result can be remembered
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Process (skip):

Rotute
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Exercises 1

Try to derive Newtonian gravitation from Kepler's first and second laws
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Solution 1:

(& 131
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Exercises 2(skip)

The Sun is known to have a mass of M, and the asteroid

Q is r away from the Sun with velocity vO

(1) When vO is what value, Q's orbit is a parabola?

(2) If the orbit of Q is a parabola, try to find the
maximum speed Vmax of Q in the process of motion
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Solution 2:

ERKHER A M, /MTE Q 5K HAREE ro B HEEE v, 8977 i 20 & Ffr7R.
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Exercises 3

As shown in the figure, a spaceship is orbiting Mars in a circular
orbit with a speed of v0. It is known that the radius of Mars is R,
and the height of the spaceship's circular orbit above the
surface of Mars is H. Now, the spaceship fires a jet radially
outward from the circular orbit in a very short period of time,
so that the spaceship gains a radial velocity toward Mars of av0,
where a is a constant much smaller than 1. Because the

amount of gas ejected is very small, the mass of the spaceship
can be considered unchanged after the jet. After the jet, the
spaceship orbits Mars in a new elliptical orbit.

Find: 1. The height hA of the perigee of the spaceship's
elliptical orbit from the surface of Mars and the height hB of
the apogee of the elliptical orbit from the surface of Mars. 2.
The orbital period of the spaceship in the elliptical orbit.

HBs-11-1
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Solution 3:

(W) WE, FHEXERDRYET, EHREN v. CHAREEY R, M HBE
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Solution 3:
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Lagrange Mechanics

The most significant quantity in Lagrangian Mechanics

L=K-U

Euler-Lagrange Equation

Fori=1.2 ...,f"

d (oL _oL .
dt \ 9qi qi

| think this part will not be difficult in the final exam.
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Fundamental Process

The steps for applying Lagrange's equation for a conservative force
system are as follows: (1) Analyze the constraints of the system, such as
whether the system is a complete system, and determine the degrees of
freedom of the mechanical system. (2) Select the same number of
generalized coordinates as the degrees of freedom. (3) Use generalized
coordinates and generalized velocities to express the kinetic energy T of
the mechanical system, and use generalized coordinates to express the
potential energy V. Then write the Lagrangian function of the system L =

T - V. (4) List the Lagrange equation: (g;’ ) —

s), the group of second-order ordinary differential equations of s g, is

the kinetic equation of the complete system. (5) Solve the equation and
discuss it.

W = (0 (wherea=12, ..,

RHRARANEAES TYIERTRTNIN A FME -

3 MNEAPR

TR sy 1 A& a8, W R S A% B H 5 R 19 28
Bt (D) 2WRAETZHL R, W RGN 5
WA HENFHRRAMNBHBE: (2) ERS AH
FEARIZH T AR (3) HT LARFRFI T X
HMERRE N ERRBGBIRE T, 1 AR bR R R
HARBV.IFEmMEBIRAERM S HRE L=

T—V; (4) 5t ek 01 H 775 T( A )—‘”‘
14 (7(1

dq,
(H g=1,2,,8) s N g, B Hramas i BEada
# A 56

LRGN N TR (5) TR IR,

=0

EEEE

(doc88.com)
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https://www.doc88.com/p-70929264754941.html

Simple guestion:

A homogeneous chain, length |, half
on a smooth table, the other half
hanging outside the table. The
chain has no initial speed. What is
the speed of the chain when it all
leaves the table?

Mle
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Solution:

R %
L= Lk %, 4o

Mool T
K=ama >
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Interesting Question:

As shown in Figure a, AB is a uniform thin
rod with a mass of m and a length of |. The
upper end B of the rod is suspended from a
fixed point O by an inextensible soft rope
with a length of |. Initially, both the rope and
the rod are hanging vertically. All
subsequent movements occur in the same
vertical plane.

(1) Now, a momentary impulse | is applied
horizontally to the point D on the rod. If, in
the instant after the impulse is applied, the
angular velocity of point B rotating around
the suspension point is the same as the
angular velocity of the rod rotating around
its center of mass, find the distance x from
point D to point B and the initial angular
velocity w of point B rotating around the
suspension point.

(2) Assume that at a certain moment, the
angles between the rope and the rod and the
vertical direction are 6, and 0, respectively
(as shown in Figure b), and the angular
velocities of the rope rotating around the
fixed point O and the rod rotating around its
center of mass are w; and w, respectively.
Find the angular accelerations a; and a, of
the rope rotating around the fixed point O
and the rod rotating around its center of

Mass.
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Chinese Tradition:

From thirty-third physics final competition %E+_E_Eﬁ A PIRETRRFIRRIHAR TR
(eduzhixin.com)
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https://cpho.eduzhixin.com/archives/9193

Normal Solution 1:

7 et ) ZI PR
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Normal Solution 2:
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Normal Solution 3:
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Normal Solution 4:

.ﬁ.g‘m:" *‘Pﬁjd -w'ﬂ '-_»' M "”
ml-‘Mnm AR " '

'?NQJ~3

All Untidy , Right?
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(2) REEAT 2 A B RE USR5 8 1) 1)

1 1 (940 0, 0, M RGN SUAB bR, 2 2 B O
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7 o DUHT [0 55 00 A8 5 o

=/, sinf, l—[—\mO
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From Red Dead Redemption 2
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