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s jj %0) ﬁ; ﬁﬁ & izL\zsb E3CH 1. Now, we will study mechanics.
%%@%ﬁ% ERADON (==2— kD) gﬁﬁ& ;2. The basis of mechanics is the law of motion.
DERITT
]%%)50)({; ):BFJ 3 3 OO)EEFJ# Eé\; D ﬁo <wv 3. There are three laws in the law of motion.
ESca
8 B1EA (EEOERD) o 4. First, T will explain the first law (the law of
inertia).
B4 0) Nt ﬂ; % T bR d L4, 5. Asshown in the figure, an object whose mass is
’%f Emo Ek P F— v “C%@J LTWseEL m moves with velocity v on the flat floor
£ that has little friction.
Z O)’L? g jj 75:{71{) @J b\“(b\focl/\ 4% 6. If no force works on the object, the object
. éﬁ{ j]: F‘ Vy T4 %L @j % L/f SAPREIC continues to move with a constant velocity.
H L ﬂz ﬁs%)jggbﬁ) gﬂ:i STV LEO 7. If the object is stopped from the beginning, it
DEEZICHE VT ET continues to be stopped.
ZDOLH {Ejﬁfj %i}é%@?ﬁjﬁrj L D%JZU\i 4. This law is called the law of inertia.
Oé’f‘ ’, %%“2({%),@!?“(? Next, the second law.
%2{2@ =< tlt@m @j < jj L tlt@{ztw)j”][]gf};% 10. The second law indicates the relation between
O)F‘%ﬂ% & mjﬁﬁﬁd’(“ﬁ‘. the force working on the object and the
acceleration produced.

l DX Iz $ 5T B M) fc;:f” ODJ: %, 11.  As shown in this figure, a force [ is applied
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to an object with mass m which moves on a flat
surface. It is assumed that the mass of the object
is constant.

The acceleration of the object is expressed by
the first derivative of the velocity or the second
derivative of the position

The acceleration of the object is proportional to
the force F  working to the object and
inversely proportional to the mass of the object.

That is, this relation holds.

The same relation holds in the x,y, z

directions, respectively

This law is called the second law.

Next, the third law.

As shown in this figure, there is an object A
with mass m on the surface B, and gravity

mg works on object A.

At this time, the object pushes the surface by

the force mg , and the surface pushes the

object by force N in the opposite direction.
At this time, the relation N =mg holds.
The magnitudes of these two forces are equal
and work in opposite directions.

Let the force by which the floor B pushes the

object A be F .z and the force by which the
object A pushes the floor B be F »4 - Then the

relation F’ =" qB ., always holds.

This law is called the third law or the law of

action and reaction.
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Now, I will explain about universal gravitation.
The cause of the gravity which works to every
object on the earth is universal gravitation,
which works between two objects.

As shown in this figure, consider the case that
two objects with mass m, and mass m, pull
against each other by attraction F'.

As shown by this equation, the magnitude of
attraction F° is proportional to the product of
masses m; and m, , and inversely
proportional to the square of the distance
between two objects.

This is called the law of universal gravitation.
Here, the proportional ratio G is called the
gravitational constant and its value is
6.672x10™" (m’/kg * ).

Now, I will explain the case of the gravity of the
earth.

As shown in this figure, consider the case in

which there is an object whose mass is 71 on



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

Uy Hofzn

’L%%%m OENR B D & LET. the earth whose mass is M, and radius is
R;.
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A3 T, RIS g A A . .
has an acceleration g . The equation of
C5DT, ﬁ%“‘”(g? Xz 0);%(0) Loizen motion is written like this.
7.
10. _hﬁ>%b¢7VJI<£ﬂﬁﬁﬁ§ g= (;]\24 k%éi y 10. From this equation, we can C:\c;ress the
£ gravitational acceleration as g = -
7. R;
F—7—F
UEECIVAR - HhEK, - HITE
B AREE RN
FA 5
& hA]
HHL O TR TEAL AT, Cobh, FRTo v ERTT, BladE, THE L
FARTOE LS KT, LEn-T 5 LT _ToR2 b0z L, (A5 & xEil e
b B T_TOLOIE NN s 2 L 2Bk LET,
LAY &<
7 5 Ah]
jﬁi,}_, P I - bbb . WADEL v » Hipb Fr Li/\/fib‘ . FEYxr<
f%lj EWVWIHIBEFIEFREOS I EEZRLTEY, 5113515269 bk %Liﬁ‘ DRGNS T J
o TR ok TE s &btk 5 bt 05 - v 4 kL
CwsY &<
X2 & 711
Hisk Eomtkn ik %0 558 h% T80 LuvnEd

X4 T~zHBid 2 KRBT 2]

VoA

S, Conbon CEolfReo L . oMM on T b 52 8 % THET 5] L
W, EREEKT BRI A o7 b X e TRIBIT 5 #RVET,
Bl - O GI B LCHs < 72 o7,
b OHFIE NGB L ;AT R e~ 72,
= (B A AT

31



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

[EF55D5AES

3. WYEH

BEE
y 2 2
F=m%¥0 Ix_y
) dt dt
dZ d2
T F:md'g/_— g i):—g
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mg Cf
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¥ % X
v, cos b,
mg
EE zﬂzv0 cos6, g x =v,tcosb,
t
1
d . =——gt’+v tsinf
y=—y=—gt+vosm90 Y=o 8 0 0
d.
: T, %5%%%%¢:ob T %}i@% L%, 1. Now, I will explain about parabolic motion.
D L9 I )% m OD%HS 7 ”ﬁj;% 0772 2. As shown in this figure, consider the case that
Lrs  Lrz<p i B | mas | an object with mass m is thrown at the angle
IR v, TR A R B 2 E T
0 with the velocity V.
FoanEs s ” A % 5525 by b4 If we define that the horizontal direction is Xx
7K - ) it ) . . . . e
e ARy & and the vertical direction is y , the initial
HIRE 13 x 1R C v, c0s0,, yHIRIT v, siné, velocity is v,cosf, in the x direction and
L0 ET. )
V,sin6, inthe y direction.
T Ee m«w“ N 4. Since the force working on the object is only
EMRCENT 2 0 H ) mg 72T . . o
gravity mg , the acceleration of the object is 0
ShED N 125%< ol n < E . . . .
DT, FEHOE 2 R L 0 WIROIEE T x in the x direction and —g in the Yy
3525 direction according to the second law of motion.
TR0, y HIATHE—g T
Sorx, bOHWELT DYIR O {L\j% 5.  Here, we calculate the velocity and the position
7’\5% B LET. of the object at time ¢.
%?L ﬁf‘ I, jj[h_}“_ @I%ééﬂ}b%é%ﬁ%‘cf'aﬁ“( ﬁ;.:1 A3 The velocity of the object can be calculated by
L, %Iﬁ };‘i‘?’\g;}@( T B L %L S TxET. integrating the equation for acceleration with
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time and applying the condition for the
elementary velocity.
Hes i o U A 12525 <y . . .
7. FHREoOE, KEt TOx HEo WX 7. After the calculation, the velocity in the x
FH529 z . . . . . :
v,co86,, y T 1 O R 1 — gt+v,sinf, & direction at time tis v, cos0, and the velocity
20 ET in the y direction at time t is

—gt+v,sinf,

8. 2%, xjﬂj@z };éF jH%‘cF'E.Ej & E)j—L%( 8. That is, the velocity in the x direction is
bHENZET. constant regardless of time.

9. G55 ze - 9. The velocity in the y direction is governed by

E7o, y KO ¢ 0 kT # &

a linear equation in regard to time t.

NnETJ.

10.  SE KOG, HEE IS CHS L, 10 Next, the position of the object can be
L ox 1 oy calculated by integrating the velocity with time
BB x=0, y=0%bHTIEHTHEL . o »

and applying the initial condition x =0, and
ESca y=0.

13529 AN

11. %jr%@ﬁ‘%ﬁ'&, Hg}ff'é% { TO xHHOAEE 11, From the calculation, the position in the x
)

5}

x525

]
votcos{90 , y & fFE X direction at time ¢ is obtained as vOtCOSQO

and the position in the y direction at time ¢ is

—%gt2+votsin6?0 L ET |
—Egt2 +v,tsin6,

12. D LT, xjir'j@u jﬂjf‘F'ﬁt D1 /)f‘(ﬁ 12. Like this, the position in the x direction is a

linear equation in regard to time t and the

]

x529

iAo B ¢ o2 kT E ShE

position in the y direction is a quadratic

y
7. equation in regard to time t.
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i
Z = TlI, ﬁ%&@jﬂ)% L %H;é DN Eﬁéﬁ LE 1. Now, I will explain about momentum and
3. impulse.
E) j;}%}@f% IZOW T T, 2. First, momentum.
ﬁ%&@jﬂ% Elg, cr@ﬁb_{a)%%%@%?b EhHHbT 3. Momentum expresses a kind of power of motion
%)“C »Hv, L.’%ffn HLs }“ ODiF ThbobbhbIhZE of the object and is expressed by the product of
g, mass and velocity.
U Foky 4, As shown in this figure, in the case that the
Ko & 5127 & m ok &;éﬁ#ﬁ'ﬁt—z

object with mass m is moving with the
w 5 0 velocity v, at f=¢ , the momentum is

expressed as  p(t,) =m,v,.

i, p(t)=my, & FanET

5085 5. Similarly, in the case that the object with mass

T & 2 W £ = 1, TS v, THEE) L T

m moves with the velocity v, at f=¢,, the
e bob momentum is expressed as  p(t,) = mv,
VBB AOER R, p(t,) =mv, TE &
ESca
or-ie ﬁ %ﬁ IZHOWT T, 6. Next, I explain about impulse.
IAEIV LS 0 )

9, E#H) i@ﬁ%‘?ﬁﬁq‘t L CF@{ WERT S T First, if we consider the relation between the
HoWRiconTE 25 L, EHHo

;@%“ change of momentum and the force which
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El N ZORD LD ”F'%{T% Shmh F9. works on the object, we get such an equation

from the second law of motion.

8. 2F D, F@@j %@H%EF ff[ji i%@%ﬁ:@: 8. This means that the temporal change ratio of

= k5 S D D& . .
ERT 2 71125 LV Evnw)H =T momentum is equal to the force which works on
the object.
9. z @ﬁ%ﬁ%‘cf‘éj( ﬁa‘ j—é g [ $@J E@Hﬂf‘ﬁﬁ 9. By integrating this equation, we can find that
7\?? [% & &0 jj ODH%EFE.EJ}E’ J Z)) L/l/ e b the amount of temporal change of momentum is
N0 ET equal to temporal integration of force.
10, zZo T jj @Hﬂf‘ﬁﬁiﬁ‘é‘ J =l jj L jj 0)115 )ﬂ 4 10. Temporal integration of force means the product
% H#F'Eﬁ@}ﬁjg: 1 Thy, 2hzx jj }r‘jg: P 0=l of force and time in which the force works and
this is the definition of impulse.
11. —o% v, wj%;% 1% ﬁ%&@]ﬂ)%@ HE;TF'%QQ : % - B Z 1 11.  Asa conclusion, impulse is equal to the amount
L ”ggf?ﬁ Nhny F9. of temporal change of momentum.
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Now, I will explain about work.

As shown in this figure, consider the case that a
constant force F works to the object moves it
in a certain direction.

Here, work W done by force F' is expressed
by the product of the component of the force in
the same direction as the object moves and
distance.

In the case that a force works to the object at the
angle of 0 like this, because the component of
the force in the direction that the object moves is
Fcos@, the work W done by force F is
represented by F' cosf xs.

The unit of work is defined as the product of
N=kg * m/s* which is the unit of force and m, so
it can be expressed by N * m=kg *+ m%/s”. It is

called joule(J).



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

5 . _ —
6. * 71, KDL~ 7 hv 4 &7 I\/I/B o 6. Since a scalar product of vector A and vector

AR

Ij\j?r‘jg 2 ABcos@ T H H O T, ﬁ% B is ABcos@ like in the figure, the work
W=F-st\wW)d k9 ZV\]E’C“%EET% ot can be expressedas W =F-s.
HTEET.

F—7—F

HAREfER
W S ’ B -
ﬁ@%mm;hm@mr%mﬂﬁﬁung% %%w%ﬁut%%m%&%ﬁbtﬁﬁk@ﬁ%

ZHLUEIENND

T s LftR e v g, HRER T, R e Tl < 8L LarhuEe b

SR EERLET

%3 55

= 2T RO RS S BRI LETH, M, o0 b0 ek B £ s Bk
& TR svnEd, B Tinko I ) o))

%5 T8
bé;%%ﬁ%%’%@@%ﬁk#éﬁ%GE% U9, AT R B & A R B B

}:725%1?%%91% LET ) b, Oro. DEVEE L. comellior St B

rh el (U5 Tl

B B ﬁnﬂj RENHY F9,

N

U oE

r&i)
fcd%%s%%fs& LT o ek (il EVnET, E <l ST TR BBHYETH, Nob
DEHANToEY L FE LTRT o e 1855 o, (B TEEEL %rﬂ%ﬁ;@ﬁ For)

38



_ 15\ L) —

6. BiEF

gdoo0oo0ooooouooooo
00000 Nagoya University 2010

HiRYF
BRAR
7 F =-mgsin0
TBEEM LO
EFARER
2
mL % =-mgsinf
RYFDIRNANENGEES sinb ~ 0
d’o 0 g
mL o =-mg0 [> — _zg
ARE [z IRENER :L g
VL 22 VL

SoCl, HARTIcoWCHRBILET

Mo ko vk (s L) o i,
i 00 OF & m) %o1F, 5B LN
fehE o /NSl B A X B R B A R
e

we HriYE< w59 x< = k5 3
BHOITHRD S mg DVEH %5
AT ZAZL XD LAES
UG, L oL EAIREIL £
/\k;%/,v\ ljﬁ%(i) n)®f£j‘%<£ﬁ)0@jﬁ)'ﬁ€é%mhmz
THET
“OLExOBE IO 113 F = —mgsing T
ER
Fh A L0 BLVO BB L0 720
T, BL 0O NGEE O BEE T S
d>(L0)/dt? TEShETS,
Li8o"C, SEBIO & 20R07 5, Hag 7
BH0OHEE T, T OROEI 0 E
ER

39

po

Now, I explain about a simple pendulum.
As shown in this figure, a setup where one end
of the string (length L ) is fixed and the other

end is fitted with a weight (mass m ) is called a

simple pendulum. The weight swings in a
vertical plane.

The weight is affected by the tension of string
S and gravity mg ,and it swings on an arc
with radius L .

We consider the instance that the angle between
the string and the vertical direction is 6.

In this the force s

case, tangential

F =—-mgsin6.

Because the distance of movement from the
lowest point is L6 , the component of
acceleration
expressed by d > (L 6)/ dt*

Accordingly, from the second law of motion,

in the tangential direction is

the equation of motion of the weight in the

tangential direction is given like this.
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Now, we assume that the swing of the
pendulum is small.

In this case, because the approximation of
sin & ~ 8 holds, we can approximate by
such an equation.

Considering that this equation is a differential
equation of the second order, we solve it and
obtain the angular velocity o as follows.

From the relation between the frequency and
we can obtain the

the angular velocity,

frequency of a simple pendulum like this.
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T:Emvf,U =mgl(1—-cos0)
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T =0,U =mgh
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1 1
T+U=—mv; =—mv;
2 2

+ mgl(1—cos 0) = mgh = const
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1. Now, [ will explain about the law of the
conservation of energy.

2. Let’s consider a simple pendulum as shown in
this figure.

3. Here, the lowest point of the swing of the weight
(mass m ) is @ and the highest point is 3.

4, The velocity at position @D is Vv,, the velocity

at position @ is v, , and the velocity at position

@ is vy

We assume that v, =0 at the highest point ).

6. In this condition, we calculate the Kkinetic
energy and the potential energy of the weight at
each position.

7. When the object with mass m is moving with

velocity v, the kinetic energy of the object is
T =(1/2)mv".

8. When the object with mass m locates at
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L, %@?F@Hs@j %wjj i 5{ 4 :J:Z\ L position of height /4, the potential energy of
*—Uzmgh%%ﬂboiﬁ‘ the objectis U =mgh.

9. hes ko, U @“( g% xF—13 9. So, at position (@O, kinetic energy is
T= (1/2)mv1 , U T X LX—13U =0T T= (1/2)mv12 and potential energy is
7. U=0.

10. {L\j% @ T g%%b * JL X — X 10. At position @), the kinetic energy is
T= (1/2)mv22 , {\il%é i S e = T= (1/2)1711/22 and the potential energy is
U =mgl(1—cosO) T7. U =mgl(1-cos0)

11. {ﬁ%@?gi%ﬁ%:}:*ﬂ/ﬁ?»—&jT:O, {L\i‘%i 11. At position @), the kinetic energy is 7 =0
FNF—1XU =mgh T and the potential energy is U =mgh.

12. Qﬁf}é@@ﬁﬁﬂé%ﬁ&: X, %ngﬁi%% » L 57 12. In this swing motion of a simple pendulum,
3]?{,%@[%93 @j%éi NTWERFA. non-conservative energy such as friction is not

considered.

13, Zolxiz=x¥— q‘j‘ﬁ}'&@({%,ﬁl ﬁ:ﬁ\; D 4 13. In this case, the law of the conservation of
HET. energy holds.

14. = %)L ¥ — &}é% D E:ﬁfj Cax, T fr@% \Z  14. The law of the conservation of energy is this: In
3]?{,%@(@‘93 753‘7%61/ VT 1/ \ foc We X, ?F@%O) o the case that non-conservative force doesn’t
7%@]:1:2\ X — Lk { VI T R L — 0)4‘~|] X @Jl work to the object, the sum of the kinetic energy
lz— E(»g;) A1 EWVWHHOTY. and the potential energy is constant.

15. —oFyY :@%ézi, /}E(@%éﬁ:ﬁ\; ) zjzvgij”_ 15.  So, in this case, this equation holds.

F—7—F

C TFRAF—RAFOIER], - EHT X -, - fLET LY —, - ERIED

=N
B %)

%@ii@&”%%o;o TLTH-THS Z L ERLUET, Bz, N 5] L
Fiﬁj D EHITENET,

FE2Y £<

X 12 TR
%%ﬁ@@%%’%bfé@%%w;oeﬁék% FE LT D b X g 8 il A
MIELES 45 B, ZOhE SITHOMSPM S IcLoThE 4,

43



gdoo0oo0ooooouooooo
00000 Nagoya University 2010

B
IRIILXF—DMRFESNLLNME
BB BEIES
N . N
nf ns v
— | — —
F lmg F img
BRLEEEFR BIEES
F=_7F F =u'N
Fmax = lLtN
n =% EIRZR % =FEIRZRE
=R KEZEAH

Z DT, EEICoOWCHEA LT
%_m%Ltrxx»%~%f@¢wJﬂm
0 SEoOE TR IR 125 B VT
Wk x| TL.

C Rk DR T
oi@::fmﬂféiaﬁ Pl W
W%#éﬁAifixw# Etr o Rl
i%@i%iﬁ/\/.

%ﬁfi %%@%E%&%ﬁ%@2o@

‘tt'b

ATE 2 BNERDY T

o=

ENey

EH f BER L0318 5 2> T u i

CHEL, WL TV B BATT
%m#ﬁtbfwé®fﬁ® Déwe;

fad

5oy

o, I f eEsn s, Kamsc ke

ﬂ/\’

20 r<

BT F SMER L.
Kx XL F=foT.

Now, I will explain about friction.

The law of the conservation of energy holds in
the case that non-conservative force doesn’t
work.

Friction is a non-conservative force.

So, in the case that friction works on the object,
the law of the conservation of energy does not
hold.

When considering friction, we need to consider
two cases in which the object is stationary and
the object moves.

First, we consider the case that the object with

force f stands still on a rough surface.

In the case that the object is stationary, since all
the forces are in equilibrium, friction F
works between the surface and the object in the
opposite direction to force f .

The magnitude of F isequalto f .
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Friction in this case is called static friction.

If the magnitude of the force f exceeds the

limit F

max

the object starts to move.

The limit of static friction F, is called the

maximum friction.
The magnitude of the maximum friction is

roughly proportional to the normal force N .

The proportional constant g is called the

static friction coefficient.

The magnitude of the static friction coefficient
M is affected by the kinds of the material of
contacting objects. However, it is not affected
by the area of contact between two objects.

Next, we consider that the object with force f

moves on a rough floor.

The magnitude of dynamic friction F s

roughly in proportion to the normal force N .

This proportional constant ' is called
dynamic friction coefficient.
The magnitude of the dynamic friction

coefficient u” is affected by the kinds of the
contacting material. However, it is not affected
by the area of contact between two objects.

That is the nature of friction.
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