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mechanics

dynamics, kinetics statics
space vacuum
matter substance material
medium
body object
position displacement
velocity acceleration
lengh height width
force work momentum
energy

Kinetic (potential) energy
power intensity



conservation conservative force

impulse collision
motion
action reaction Interaction
mass weight

gravity, gravitation
acceleration due to gravity

center of mass center of gravity
specific gravity
Inertia moment of inertia

particle, mass (material) point, point object
rigid body



angular momentum angular velocity
radian
density ( ) concentration

quantity quality

( ) property proper
dimension

volume bulk surface
cube square sphere radius
orders of magnitude significant figures
figure
precision accuracy uncertainty
relative absolute



product ( ) scalar (vector) product

derivative integral, integration

finite Infinite infinitesimal
variable constant
positive negative
integer reciprocal
even number odd number
fraction denominator numerator

equation
) frame of reference
inertial frame of reference
reference
right-handed system coordinate



law principle

definition ( ) criterion
hypothesis speculation
approximation
experiment theory unit
( ) net
iInstantaneous simultaneous
equilibrium
stationary transient
state condition
surroundings, circumstance
horizontal vertical

perpendicular
normal



friction kinetic static

( ) fluid
phase gas liquid solid
tension resistance
elastic plastic
( ) ratio efficiency coefficient
microscopic macroscopic
process dependence

( ) threshold
Investigate, examine, research, study
solution caution
clockwise counterclockwise
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(catenary)(A Rope with Mass.)

We have a clothesline with uniform density attached to two poles.

The clothesline has a mass M, and each end is at the same height
making an angle ¢ with horizontal. The acceleration due to gravity is g.
(a) What is the tension at the ends of the clothesline?

(b) What is the tension at the lowest point?
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4. Newton’s laws
First law

4.2 A body acted on by no net force moves with
constant velocity (which may be zero) and zero
acceleration.

Second law

4.3 ?

Third law
4.5 ?



4.6 Free-body diagram



5.105 The Monkey and Bananas Problem

5.122 Moving Wedge
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M, = 237kg 192cm

M, = 137kg 185cm
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mg+t=n, n, = 209.7 kg
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1:

Two friends are carrying a 200-kg crate up
a flight of stairs. The crate is 1.25 m long
and 0.50 m high, and its center of gravity
IS at its center. The stairs make a

45° angle with respect to the floor. The
crate also is carried at a 45° angle, so that
Its bottom side is parallel to the slope of
the stairs. If the force each person applies
IS vertical, what is the magnitude of each
of these forces? Is it better to be the person
above or below on the stairs?
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1- (11.71)

O
Li‘F Di—k Di: I_i

V2o N2 N2 2

W _
Fo=Pw 9P 900x9.8=588(N)
2L 1.25x 2
Fo= =t Pw = 1 200x9.8=1372(N)

2L 1.25%x2
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INERTIA OF VARIOUS BODIES

I=|—'2ML2 1= 1ML I= f-,_-,M(a% b?) 1= 1 ma?

(a) Slender rod, (b) Slender rod, (c) Rectangular plate, (d) Thin rectangular plate,
axis through center axis through one end axis through center axis along edge

1= 1 MR I=MR? I=:MR?

R R

{e) Hollow cylinder (f) Solid cylinder (g) Thin-walled hollow (h) Solid sphere (i) Thin-walled hollow
cylinder sphere
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2

1) Find the moment of inertia of a uniform slender rod with mass M
and length L about an axis perpendicular to the rod and passing
through its center of mass.

2) Find the moment of inertia of a uniform thin ring with mass M and
radius R about an axis through its circumference and perpendicular to
the plane of the ring.
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Rigid surface; Deformable surface;

normal force normal force produces
produces no torque torque opposing rotation
(a) (b)
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We wrap a light, nonstretching cable around a solid cylinder with mass M and
radius R. The cylinder rotates with negligible friction about a stationary
horizontal axis. We tie the free end of the cable to a block of mass m and

release the block from rest at a

distance h above the floor. As the block falls, the

cable unwinds without stretching or slipping. Find expressions for the speed of
the falling block and the angular speed of the cylinder as the block strikes the
floor.

K +U = const.

vV

R

1t

5

0+ mgh LIy

J

1]

2gh
1+ M /2m

zero V
E K U

m

University Physics



What are the acceleration of the falling block and the tension in the cable?

Hanging X Q= g
e mg 1+ M /2m
o T=
y 1+2m/ M

University Physics



3 (10.42,10.103)

A small block on a frictionless, horizontal surface has a mass of m =
0.25Kkg. It is attached to a massless string passing through a hole in the
surface. The block is originally revolving at a distance of r, = 0.40 m
from the hole with an angular speed of @, = 2.00 rad/s. The string is
then slowly pulled from below, reducing the radius of the circle in which
the block revolves to r, = 0.20 m.

1)What is the new angular speed?

2)Find the change in Kinetic energy of the block.

3)Find the tension T in the string
as a function of r, the distance of O
the block from the hole. &
Then, calculate the work done by T

as r changes fromr, tor,.
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2 2

1) |, =mr,” |, =mr,
| r° 0.407
|1a)1 = |za)2 0)2 = ia)l = rl—za)l = WX 200 = 800(rad/5)
1 , 1 5

2) K, —K, :Elzwz _Ella)l

_ %x 0.25x (0.202 x8.00% — 0.402 x 2.002) = 0.24())
Lw, mr’ r,°
3 Lo =lo o= 1I == mrlz 0 :rl—za)l




4 (10.67)
Atwood’s Machine

Find the linear acceleration a of blocks A and B, the angular
acceleration & of the wheel C, and the tension T, and Tg in each side of
the cord if there is no slipping between the cord and the surface of the
wheel. The masses of blocks A and B are m, and mg, respectively.

The wheel has moment of inertia | and radius R.
4h
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5 (10.66)

Attached to one end of a long, thin, uniform rod of length L and
mass M is a small blob of clay of the same mass M.

1)Locate the position of the center of mass of the system of rod
and clay.

2)You carefully balance the rod on a frictionless tabletop so
that it is standing vertically, with the end without the clay
touching the table. If the rod is now tipped so that it is a small
angle 8 away from the vertical, determine its angular
acceleration at this instant. Assume that the end without the
clay remains in contact with the tabletop.

3)You again balance the rod on the frictionless tabletop so that
It is standing vertically, but now the end of the rod with the
clay is touching the table. If the rod is again tipped so that it is
a small angle © away from the vertical, determine its angular
acceleration at this instant. Assume that the end with the clay
remains in contact with the tabletop.

University Physics
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1 L/4

2 0
r = (3L/4)(2Mg) sind = (3Mg L/2) sind
laa=1
| = ML? + (1/3)ML? = (4/3)ML?
a=(9g/8L)sinég

3 (L/4)(2Mg)sin@ = (Mg L/2)sin 0
| =(1/3)ML? 3L/4
a=(3g/2L)siné

L/4

2Mg

y OM




physical pendulum 0.168

O o, =1,
(cg) d

7, =—(mg)(d sing)
7, =—(mgd)é

d e Imgd :\/E
m |=md? md® \d Simple pendulum






6 (Ex.14.10)

All walking animals, including humans, have a natural walking pace, a number
of steps per minute that is more comfortable than a faster or slower pace.
Suppose that this pace corresponds to the oscillation of the leg as a physical
pendulum.

1)How does this pace depend on the length L of the leg from hip to foot. Treat
the leg as a uniform rod pivoted at the hip joint.

2)Fossil evidence shows that T.rex, a two- Iegged dlnosaur that lived about 65
million years ago, had a leg length| 4 s

L=3.1m and a stride length S= 4.0m_. :
Estimate the walking speed of T.refe===
3)A uniform rod isn’t a very good =
model for a leg. The legs of many
animals are tapered; there is more . % 3 o
mass between hip and knee than betwee NG
knee and foot. The center of mass is. - _ :
not L/2 from the hip, but about L/4.
The moment of inertia is not ML4/3 but I\/IL2/15 \h"

Reestimate the walking speed of humans and T rex wuth these'correctlons_.- -
University Physics R e
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2
T:2_”:27z ML/B:Zn 2—":27@/2)(3'1:2.9[5]
@ MgL/2 39 3x9.8

v=S/T =4.0/2.9=1.4[m/s] = 5.0 [km/h]

2
P MU [
MgL /4 159

L=3.1m,S=40m

T = 472\/ 31 _ 1.8[s] v=S/T =4.0/1.8=2.2[m/s]=7.9 [km/h]
15%x9.8

L=10m,S=1.0m

T = 472\/ L0 =1.0[s] v=S/T =1.0/1.0=1.0[m/s] = 3.6 [km/h]
15%x9.8



7 (Ex. 10.12)

A door 1.0 m wide, of mass 15 kg, can rotate freely about a vertical axis
through its hinges. A bullet with a mass of 10 g and a speed of 400 m/s
strikes the center of the door, in a direction of perpendicular to the plane
of the door, and embeds itself there. Find the door’s angular speed. Is
Kinetic energy conserved?

Bullet
Bullet after
before | 9 50 m impact
mpact
\ 1.00 m
v = 400 m/s

University Physics



L = mv/ = (0.010 kg)(400 m/s)(0.50 m) = 2.0 kg - m?/s

| o

| = Tgoor + Touttet
l ooy = Md? /3= (15kg)(1.0 m)*/3=5.0 kg - m*
L uier = M2Z = (0.010 kg)(0.50 m)? = 0.0025 kg - m*
w=L/I
= (2.0 kg- m?/s)/(5.0 kg - m? +0.0025 kg - m?)
= 0.40 rad/s

K, = %mvz ~ %(0.010 kg)(400 m/s)* =800 J
K, = % lw° = %(5.0025 kg-m?)(0.40 rad/s)* = 0.40 ]






8 E£x.10.4,10.6

A primitive yo-yo is made by wrappiny a massless string several times
around a solid cylinder with mass M and radius R. You hold the end of
the string stationary while releasing the cylinder with no initial motion.
The string unwinds but does not slip or stretch as the cylinder descends
and rotates.

1) Find the speed v, of the center of mass of the cylinder after it has
descended a distance h.

2) Find the downward accelera lon of the cylinder and the tension in the
string.
3) Find the acceleratlon and

y University Physics
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‘Ma = Mgsinéd — f
Jla=rf

a=roa
Mg sind

a= >
M+1/r

| = 2 Mr(

2

2

|=EMH()

2 .
a=—qsing
) 29

5 .
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10 (Ex.10.5)

Various round rigid bodies are released from rest at the top of an inclined
plane. They roll down the incline without slipping. Which body reaches
the bottom of the incline first, and why?
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11 10.99

center of percussion
A baseball bat rests on a frictionless, horizontal surface. The bat has a

length of 0.90 m, a mass of 0.80 kg, and its center of mass is 0.60 m
from the handle end of the bat. The moment of inertia of the bat about
its center of mass is 0.053 kg mZ. The bat is struck by a baseball
traveling perpendicular to the bat. The impact applies an impulse
J=["Fdt ata point a distance x from the handle end of the bat. What

must x be so that the handle end of the bat remains at rest as the bat
begins to move?

[ .
r\ A >J]
.
O . ®cm ,
: N
0.600 m >

N : < 0.900 |
University Physics = 7l




11 10.99

center of percussion
Hint: Consider the motion of the center of mass and the rotation about

the center of mass. Find x so that these two motions combine to give
v=0 for the end of the bat just after the collision. Also, note that
integration of Eq.(10.29) gives AL = j (>t . The point on the bat
you have located is called the center of percussion. Hitting a pitched
ball at the center of percussion of the bat minimizes the “sting” the
batter experiences on the hands.

[ .
r\ A >J]
.
O . ®cm ,
- N
0.600 m >

o : < 0.900 |
University Physics = 7l




(—— )
Xew y
VCM
. 0,
J = j Fdt = My,

L=lo= j(x xCM)th—(x X )MV,
X O — V =0

_ 1+ Mxg, X = 064+20%3 _071m
MX MX 0.8:0.6

CM CM



12

Figure shows three identical yo-yos initially at rest on a horizontal
surface. For each yo-yo, the string is pulled in the direction shown. In
each case, there is sufficient friction for the yo-yo to roll without slipping.
Draw the free-body diagram for each yo-yo. In what direction will each
y0-Yyo rotate?

Find the acceleration of each yo-yo, by assuming that the mass and the
moment of inertia of the yo-yo are M and I, and that the radii of the
Internal and external cylinders are r and R.

University Physics



‘Ma=F - f
lao = Rf —rF

Ra=a

o (R-1)F
MR+1/R

/\

(>0

~ MRr+|

f =
MR? + |
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V=Iw a=Tl«
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M

V=Tw

R
v=_0

att=0




1) I:%MRZ 2) t=T v=Rw

lo — _Rf Jv=0+aT

< ), —

N = Mg /0/ \Of (@© w, +al

f::ukN T_RC()O

) f 3149

a= 49 . 22

< 2149 d=-aT?=——0

a=- 2 1849

\ R
1 5 1. -, 1. . 5
—lawy, +W =— 1w +—Mv

3) 2 ) 2 2

V=Rw

W =-——MR
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dw
| — =1
at
d(lo) _
at
dL:d(Iw):{-:Fxlf
dt dt
L=Fxp=rxmv
d(L) drf .

= XMV -+ xXm—
dt dt
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h=0%Y.2%), o=(o,0,,)
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XY, Z

(1 0
0 cosfO,
0 sind,

( cosé,

O, = 0

—siné,

(cosd,
sin 4,
0

QX’QY’QZ

0
—siné,
CosO,
0 siné,
1 0
0 coso,

—-sing, 0
cosd, O

0 1

A®,

A®,

A®,

56, ,58,,50,
1 0 0
0 1 -0,
0 60, 1
1 0 86,
0 1 0
-56, 0 1
1 -86, 0
56, 1 0




56, ,50,

1 0 0 1 0 48, 1 0 36,
A®,AO, ={0 1 -0, 0 1 0 |=| 0 1 -66,|=A0,A0,
060, 1 )\-s6, 0 1) \-c0, 6, 1

2 56,56,

1 -850, &6, 1
A®,A®AB, =| 50, 1 -0, |=
~86, 80, 1

0 -8, o6,
0
0 ~50, 86, O

—

AO

cosé, 0 siné,
0,0, =| sind, sing, cosd, -—sinb, cosH, |#0O,0,
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0 0
1 0|+ 66, 0 -0, |« 0,
0 1

56,
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>
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L=lowo=21,0,=0, @,=0 —_—
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Circular motion

of flywheel axis | O Flywheel
(precession) C;'D

Flywheel
axis

Rotation of
\/ flywheel

Q
(precession)
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torque makes it rotate
about y-axis (flywheel
axis falls)

Flywheel initially at rest:

View from above

X



g

(precession)

University Physics

-

=F X W

Li
X

Flywheel spinning initially:

torque makes it precess
about z-axis

(flywheel axis doesn’t fall)

I

1
View from above

Z

w

X
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precession
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A bicycle can be self-stable
without gyroscopic or caster effects






(IV

Gy X

, —Mma, = —mCOVy
<
F,=ma, =maov, —mg
dex -
= -V
< dt y
dv, ]
_ dt _ -
2 v, =Vsin(ot + ¢)
dv, dv, , g
> =—0——=—0" (V, ——
dt dt o

V) =2
0,









WONVZ

L, = 14sin? 6 + | @, cos @ = const(= 0)

1,=1, 1 =2



L, = 14sin® 6 + | ,w,c0s6

{ _1 12 a2 nm: 2
E_EI ¢ sin“ 0+ 6 +§I3a)3+Mg€cose
t=0

{ l$sin® @ = -1, cosO

E —% |’ :%I(ézsin28+92)+ Mg/ cosé =0
12
2Mg/ + 10
7, =0 @, = const b = cos @

|,



-0
o - Mg/
b=0=0 (B, =
- L | 00,
025 Fq
o _ 2Mgy
| 0,
0=0

¢ precession 6’ nutation



R =(X.Y,Z)  [0,4,y]

Van =(X.Y.2) & =a6(0,4,)

V=V, +ox(f-R

| =1, +Md?

Kzémwﬁ+%uwf

2 F=0 27=0
| o > (F— ) x Fy =0
mgd !

Q) = _
I

=

em)
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