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Introduction

1.International System of Units(SI)

Various physical quantities are interrelated by

equations which express the relation between them . For ex-

ample, the acceleration ¢ imparted to a body with the mass
m is related to the force F acting upon this body by the
equation :

F = kma (1)

where k is a factor depending on the units in which

F,m and a are measured.If the units of mass and accel-
eration are known,the unit of force can be so selected that
the factor k in equation(1) is equal to unity,and thus

F=ma

With this aim, the unit of force should be the force
which imparts a unit of acceleration to a unit of mass.

By treating any newly introduced quantity in the same
manner, its unit of measurement can be found from the for-
mula which determines this quantity;thus a system of de-
rived units can be obtained.

Various systems differ from each other by the units
taken as the basic ones.

This book is based on the International System of
Units(SI) adopted by the Eleventh General Conference on
Weights and Measures in 1960.The People’s Republic of
China State Standard GB 3100 - 93 defines the SI system
as the one preferable in all the fields of science, engineer-
ing and the national economy,and also in schools and col-
leges of the P.R.China.

The International System of Units (SI)is divided into
several independent systems for various fields of measure-
ment, as follows:

1)System of mechanical units(GB 3102.3 - 93);

2)System of thermal units(GB 3102.4 - 93);

3)System of electrical and magnetic units(GB 3102.5
-93);

4)System of acoustic units(GB 3102.7 - 93);

5)System of light units(GB 3102.6 - 93).

The basic SI mechanical units are the metre (m),ki-
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2) B B A7 (GB 3102.4—93);

3) W MRS BT ) (GB 3102, 5—
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4)FE2E BN H] (GB 3102.7 - 93);

5)N2EBAIH (GB 3102.6—93),



logramme — mass (kg) and second (s).Added to these for E PR 2 RA RN R K
various fields of measurement are the following basic | T 5% . #b, ATHESMMENFE, B
" units: the degree Kelvin for thermal measurements, the am- | 23 T LA T BA BN, BB I FEA R
pere for electrical measurements and the candela for lumi- | {7 B JF, B8 S0 & A FEAS B 2 8, JG58

nous intensity . JE R A B IR AT, W Y B A B R
The SI system also includes two supplementary units | /K,
— for a plane angle and a solid angle. bR B o7 ) 2 A0 45 W #h 38 B
The basic and supplementary SI units are given in | ——F-TH A M7 {E A
Table 1. ] o B 7 14 2 A B (o7 kb 78 8067 L
# 1.

EFREMCHOER B TR
The basic and supplementary SI units
& 1(Tablel)

Quantity # Unit By Symbol 5
Basic Units #4< 8437
length K metre * J m
mass 55 kilogramme T ! kg
time At [a] second b J s
electric current B iR ampere R[] ’ A
thermodynami i
ermodynamic HAERE degree Kelvin FFIRX] K
temperature
Amount of ~
YR E s mole EELR] mol
any substance
Tomi
Hmmons RIGHRE candela R ] cd
intensity
Supplementary Units %M 7T B4
plane angle R radian YRR rad
solid angle ALY | steradian BRI RE sr
Table 2 gives the prefixes used to form multiples and FHF 28 A 1 Br 37 1 A5 B0 B 70 A
fractions of SI units. ' BRI L 2,

Eir 2N ERRINSHRNRE
The prefixes used to form multiples and fractions of SI units
% 2(Table2)

Prefix T Numerical value ${{& Symbol 45
atto B3] 10" a
femto ®EHE] 10°° f
pico B[ Al ] 10-1 p
nano ] 10°° n




g%

Prefix 15 Numerical value %U{H Symbol 5
micro % 10°¢ u
milli zZ 1073 m
centi E 107 c
deci s 107 d
deca + 10" da
hecto B 107 h -
kilo T 10° k
mega Ik 10° M
giga ] 10° G
tera yNEA 10" T

These prefixes in Table 2 may be attached only to
simple quantities (metre, gramme etc.) and never to such
as “kilogramme” ,which already contains the prefix“kilo”.

The derived SI units are formed from the basic ones
as described above. The relationship between the derived
and basic units can be found from dimension formulas. If
the basic quantites are designated by ! for length, m for
mass, ¢ for time, I for electric current, § for temperature
and J for luminous intensity, the dimension formula of a
certain quantity X may be written in SI units as follows:

[X]=Imfro ]

To find the dimension of X, we must determine the
exponents 3.7 .0.p and p.These exponents may be
positive or negative , integers or fractions.

Example 1.Find the dimension of work. Proceeding
from the relation W = FI,we obtain [ W] = L’MT 2.

Example 2. Find the dimension of specific heat.

Since ¢ =mLMand [(Ql=[W],weget[c]=L"T?@".

If the dimension of a physical quantity is known in
the SI system, it is easy to find the dimension of its unit in
this system. Thus, the unit of work obviously has the di-
mension M’KGS™? and
M?*S™?DEG ', etc.

Tables of derived SI units are given in the respective

the unit of specific heat—

sections of the book : mechanical units in Chapter 1, ther-
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mal units in Chapter 2, electrical and magnetic units in
Chapter 3, etc. The same chapters also contain tables
which establish the relationship between the SI and other

units , including non — system ones.

2.Methods of Solving Problems

When solving a ;;roblem, first of all establish the
physical laws which it is based on.Then use the formulas
expressing these laws to solve the problem in symbols, and
finally substitute the numerical data in one system of
units . Besides the International System of Units, other syé-
tems and non — system units are widely used in practice
and literature. For this reason the numerical data are not
always given in Sl units. The relationships between the SI
units, and units of other systems and non — system units are
given in tables at the beginning of each chapter.To solve a
problem in SI units, all the initial data or data taken from
reference tables should be converted into SI units . The
answer, naturally , will also be in these units.

Sometimes it is not necessary to express all the data
in one system. For example, if a quantity is a factor of both
the numerator and the denominator, this quantity may obvi-
ously be expressed in any units provided they are the same
(see Example 2 on p.9).

When a numerical answer is obtained, pay attention to
the accuracy of the final result, which should never exceed
the accuracy of the initial data.As soon as the numerical
data are substituted for the symbols, write the unit of the
answer.

If a graph or a diagram is required for solution, select
the proper scale and origin of the coordinates, and mark
the scale on the graph.The graphs in the answers to some
problems are given without a scale,i.e.,they show only

the qualitative nature of the relationship being sought.
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Chapter 1

Physical Fundamentals
of Mechanics

§ 1 - 1 Mechanical Units

The International System of Units incorporates the
MKS system intended for measuring mechanical quantities
(GB3102.3 - 93) . The basic units in the MKS system are
the metre (m),kilogramme (kg) and second (s).

As indicated above, the derived units of this system
are formed from the basic units using the relationship be-
tween the relevant physical quantities. For example, the

unit of velocity can be determined from the relation
<Al
At

Since the unit of length is the metre and that of time
the second,the unit of velocity in the MKS system will be
1 m/s.Obviously, the unit of acceleration is 1 m/s’.

Let us establish the unit of force. According to New-
ton’s second law

F =ma

The unit of mass is kg and the unit of acceleration
m/s’ . Therefore , the unit of force in the MKS system should
be the force which imparts an acceleration of 1 m/s® to a
body with a mass of 1 kg. This unit of force is known as
the newton (N).

1 N=1kg*1 m/s’

Let us now discuss the relation between the weight
and mass of a body. The weight G of a body is the force
with which this body is attracted by the Earth,i.e., the
force which imparts an acceleration of g =9.81 m/s’® to
the body . Thus:

G=mg

As any other force in the MKS system, the weight of a
body must be measured in newtons. Sometimes it is mea-
sured in kilogrammes. But it should always be bome in
mind that the unit of weight (kilogramme) is not a unit of
the MKS system. To prevent confusion different symbols
will be used for these two utterly different physical quanti-

5

H—E
Y| ¥
§1-1 HFEBRH

E bR AR 454 MKS IR TE N
28 (GB 3102.3—93), MKS fHlfyH&AH
AL RK (m) T 58 (kg) FIFP(s) 5

TR, XN RGNS RAER
TR TAHXYE R Z B KR EA RN
TR T B , b 05 BE 1) B RE B AR B T 31
FRAHE

, =Bl
At

K B B R K, B (a] B R A,
PR, & MKS # 4, #EE R RE
1 m/s, INEEFE AN 1 m/s,

THEB KRN, RIE4 S
B

F =ma

FRE BB kg, N R BRAL R
m/s’, HLEE MKS i 5, J7 89 507 8 2 (i
JRRHA 1 kg PS4 1 m/s®> MNHE M ST,
JIRIBAL A5 (N) o

I N=1kgl m/s’

BRI — kR E B R
BZHEMEXR. —MOBRNEER ¢ X
AP ERIE 5| BT 32 26 7, sk X
MRS g2 =9.81 m/s” I ER 11,
XA

G =mg

7E MKS #ilh— ok EBAE R —
NG ESPIDA N BT Sa e i RN
FrXit &, (HU0et 20 E 'R AL
(F7) AR MKS #l#— 80, KT8
IR X F A EE AR Y E R,
HAARKAS  TrmEA kg REFR, M
HERO) WA kef REAR . BLRPFR
BER(TH)NFWMER, TRMOER



ties: a kilogramme of mass will be denoted kg, and one
weight (force) — kgf. Let us find the relation between a ki-
logramme of weight and a newton. A weight of 1 kgf is de-
fined as the weight of a body whose mass is equal to 1 kg,
i.e.,
1 kgf=1 kg-9.81 m/s’
On the other hand
IN=1 kg1 m/s’
Therefore
1kgf=9.81 N
The definition of a kilogramme of weight shows that
the numerical value of the weight of a body expressed in
kgf is equal to the mass of this body in kg.For example, if
the mass of a body is 2 kg, its weight is 2 kgf.The weight
of a body in kilogrammes must be converted into newtons.
Example. The mass of a body is 4 kg. Find the
weight of the body in kgf and in newtons.
Answer: G = 4 kgf (not in the MKS system) and G
=4x9.81 N(in the MKS system) .
The unit of work is determined from the relation:
W=F-l
The unit of work is obviously the work performed by a
force of 1 N over a distance of 1 metre.This unit of work is
known as the joule (J).
1J=1N‘1m
Power is determined by the formula:

P:K
t

Therefore the unit of power in the MKS system is the
power of a mechanism which performs work of 1 J per sec-
ond . This unit is known as the watt (W) .The same method
can be used to determine the derived unit of any physical
quantity in the MKS system.

Table 3 gives the basic and the most important de-
rived units for measuring mechanical quantities in the MKS
system according to GB3102.3 -93.

BEXAHEREN kg WKW ER, &
BRI EPXR, B
1 kgf=1kg*9.81 m/s’

IN=1kg*l m/s’

1 kgf=9.81 N

HE (kg) WE X B, FH kef FRH
— RN EEOSE, FTH kg £
R R B, tean, R —
ANRR R 2 kg, B ERER 2 ke,
AT RERN— RN ERLHRE
AT,

Bl . — KRR 4 ke, KX A
VIR kef AN FERN R E &,

E: G =4 kgf(REA MKS #l)

G =4x9.81 N(MKS %)

T H AL TR T X E

W=F-l

BRI EY I N IR T
1 m YRR B AT T, DAY 007 U A 2
Do

F—J7
Bk

1J=1N‘1m
Ty T 5 R E

P=K
t

PHIAE MKS il o, R W BN R T
1 BRE DY, X AR R
(W) [R)FE Y J5 05 Bl F R B e T 4 78
B7E MKS il #5500

HH¥E GB 3102.3—93, MKS #| 3L A
BAMBRRERENITRA¥BHOER AN
W 3,



MKS S Hih ¥ BERSANES R
The basic and the must important derived units for measuring mechanical quantities in the MKS system
% 3(Table3)

Quantity and BRI Formula /A3 Unit g Symbol of unit (?flms::;gr;
symbol ; orm o LA RS ass ééﬂ
Basic units  ZEACERAY
length K1 metre ¥/ m
mass JEE m kilogramme TR kg M
time B fE] ¢ second b s T
Derived units #3547
area M A A= square metre K m’ |
volume K v V=1 cubic metre RV S m’ L}
frequency ML v v = —;,— Hertz e Hz T
angular N _lQe radian . -1
velocity FEE w ©= At per second WED rad/s T
angular FNERE o | o« =22 prvcond WA | s T
acceleration @ YA per sec d
per_secon
linear N _Al metre X -1
veloeity HHE v YEAr per second KI m/s LT
linear LIMEE a | a= 4y n::rtr:econd A /FD? m/s? LT ?
acceleration ~ At ﬁer second
m kilogramme'
density FE o P=y per cubic Frrx kg/m’ LM
metre
fn(l);fght ijJEFG F=ma newton A N LMT"?
specific _G newton per 3 3 P —
weight HE Y 7=y cubic metre UK N/m L™*MT
F wi - -
pressure g P P= T ::;ua:: metrger A2 N/m? L 'MT"?
kilogramme-
momentum FIE(HE) p| p=mAv=FAt metre per T35 K /FD kg m/s LMT!
second
moment  of — ) _ kilogramme - oo ye? .2 2
inertia Feanifil 1 I'=ml square metre Tk kg m '™
::gyk and en- o omesp | wa p joule £BH J L*MT"*
power h&E P P= AA—L:/ watt k= W L*MT 3
. B . d
dynamic vis- kB _F Al newton-secon CBh 2 ) T
cosity (RS 250 N T=24 Avd ﬁﬁ;re square 441 BP/K N-s/m LT
kinematic TR _n square metre 2 /%0 2 2m-1
viscosity BRI v | v = o per second K Ep m°/s L°T
Table 4 contains the relationship between certain me- R h2#EHERAS GB 3102.3—
chanical SI units, and units of other systems and non — sys- | 93 AR T B3 & 4 ] B A0 B AR ] A
tem units permitted by GB 3102.3 - 93. ZAIMR R R 4,
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The relationshins between certain mechanical SI units,and units of other systems and non — system units

& 4(Tabled)
Quantity & Unit and its conversion factor to SI units B T 5 EFr AL IR EHE T
1 centimetre(cm) = 10 ’m 1 em=10"2m
length KB 1 micmmetrg;l micron(y) = 10™°m lpm = 10"°m
1 angstrom(A) = 10" °m 1A=10"m
—_10-3
el 0
mass Bt 1 atomi _un't ofgmass (a.u.m) =1.66 1't=10" ke
B T AN EFRR A =1.66x 1077 kg
x 107% kg
°) = L = —E—
1 degee(°®) = 150 ™d 15 50 "ad
i N T -2 = -2
ple.n? angle T EA 1 minute(’) = Tog X 107" rad 143 Tog X 1077 rad
ny . T -3 T -3
1 second( )—648x10 rad 1ﬂv—648x10 rad
1 revolution(rev) = 2x rad 1 % (rev) = 2r rad
141 (a) = 100m?
_ 2
area pig A I are(a) = 100 m 2 1k (ha) = 10°m? = 100 A& = 15
1 hectare(ha) = 10°m HiE
H
volume S5t} 1 litre(1) = 1.000 028 x 10~°m® 1725 =1.000 028 x 10~ *m?
1 dyne(dyn) =10°* N 1i5HE (dyn) =10"° N
force N 1 kilogramme ~ force(kgf) =9.81 N 1 F3A(kef) =9.81 N
1 ton — force(tonf) =9.81 x 10° N 1 i 7 (tonf) =9.81 x 10° N
1 dyn/em’ = 0.1 N/m® 1 EHE/em® = 0.1 N/w?
1 kef/m? = 9.81N/m® Ikgl/m? = 9.81 N/m?
1 millimetre of mercury column(mmHg) 1 mmHg = 133.0 N/m’
=133.0 N/m?
1 millimetre of water column 1mmH,0 =9.81 N/m’
D & (mmH,0) = 9.81N/m? 1T ASE = 1 keffom?
1 technical atmosphere (at ) =0.981 x 10° N/m?
=1 kgf/em® = 0.981 x 10° N/m?
1 physical atmosphere (atm) 1 MEKRSEE =1.013 x 10° N/m?
=1.013 x 10’ N/m®
lerg=10""] 1 R¥=10""]
1 kgf*m=9.81] 1 kgf*m=9.81]
1 Watt hour(Wh) =3.6x 10° J 1 B4/ =3.6%10° ]
1 electron ~ volt(eV) = 1.6x 107" J 1 FRIF=1.6x107"]
work , energy , I B Ak 1 calorie(cal) =4.19 J 1 FE&EHE (cal) =4.19]
amount of heat TR 1 kilocalorie(1 kcal) =4.19x 10° J 1 FEREHE (kcal) =4.19x 10° ]
1 physical litre atmosphere 1 YBRIF RS am) =1.01 x 107 )
(Iatm) =1.01x 10°] I Tl ARSE( at) =98.1]
1 technical litre atmosphere
(I-at)=98.1]
lerg/s=1077W 1/RE&/E =107 W
1 kilogramme - force metre per second 1 3877 < K/Pb(kef+m/s) =9.81 W
power hER

(kgf*m/s) =9.81 W
I horsepower(hp) = 75kgf-m/s = 736 W

1575 =75 kef-m/s =736 W
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Quantity 7 Unit and its conversion factor to SI units BB FI'E 5 EbrAA H A BEH T
dynamic (vis- BB |1 poise(p)=0.1 N+s/m® 1JHER =0.1 N-s/m®

cosity) ES Y =0.1 kg/m-*s =0.1 kg/m-*s

kinematic vis- ii‘_z‘jjiﬁljﬁglﬁ 1 stokes(St) =10"* m¥/s 1(51)%%}{6% =10"* m%/s

cosity

§ 1 -2 The Guide and Solutions
Example 1. A stone weighing 1.05 kgf and sliding on
ice with a velocity of 2.44 m/s is stopped by friction in 10
s.Find the force of friction, assuming it to be constant.
Solution . From Newton’s second law we have
FAt=mv,— my,
where F is the force of friction under the action of which
the velocity of a body with the mass m changes from v, to
v, during the time At .In our case v, =0,and

my,

T At

The minus sign shows that the force of friction F is

F =

directed opposite to the velocity v, .

In the MKS system m =1.05 kg, v, =2.44 m/s and
At =10s.
Hence

_1.05x2.44
10

By using Table 4, we can express the answer obtained

F= N=-0.256 N

in other units,

|F1=0.256 N =2.56 x 10* dyn = 0.0261 kgf

Example 2. A man and a cart move towards each oth-
er.The man weighs 64 kgf and the cart 32 kgf. The veloci-
ty of the man is 5.4 km/h and that of the cart 1.8 km/h.
When the man approaches the cart he jumps onto it. Find
the velocity of the cart carrying the man.

Solution . According to the law of conservation of mo-

mentum

§1-2REES

B 1. —FE 1.05 kef A F,7EIK
EPL2.44 m/s MBS, TR, A
F7E 10 s WEF I Bl SREE S, BRIZE
BhEE,

RIS e

FAt=my, - my,

Hoh FREE R NMERT, iR
Hom AFHEREMNy, ZF v, i
BRI A, EH v, =0,
ﬂ.‘
At

S HHIEE S F MR SEEy,
B 7 a1 AH K o

EMKS #9H,m =1.05 kg, v, =2.44
m/s,At =10 s,

P P _1.051x02.44N

=-0.256 N

RIER 4, BBOE I & AL R R T
REBMER,

|F1=0.256 N=2.56x 10* dyn

=0.0261 kgf

B2, —PMAR—FHKEHMEZ,
ANHIERR 64 kef, T KFEE 32 kef, A
HE R 5.4 kmh, K &0 & E £
1.8 km/h, Y ANBEI K ER, ABKEI K%
EUREREANEE,

F=-



Pi+pr=mvi+myvy=(my+my)v (D
where m, = mass of the man
¥; =man’s velocity before the jump
m, = mass of the cart
v, = velocity of the cart before the man jumps onto it
v = common velocity of the cart and man after the
Jump
From formula (1)

m;v;+ m,;v,
Ve ————m——7-——
m;+ m,

(2)

Since formula (2) is homogeneous, the masses m,
and m, may be written in any units provided they are the
same. Formula (2) also shows that since the units of the
masses will be cancelled out,the unit of the velocity v will
be the same as that of the velocities v, and v,. For this
reason it is not necessary to convert all the data to MKS
units.

The initial velocities of the cart and man were oppo-
site in direction, and therefore their signs were different.
Taking the velocity of the man to be positive, we have v, =
5.4 km/h and v, = - 1.8 km/h. Besides, m, = 64 kg and
m,= 32 kg. By inserting these data into formula(2), we
obtain

_64x5.4-32x1.8
= 64+ 32

The velocity v > 0.Thus, after the man jumps onto it,

km/h=3.0 km/h

the cart will begin to move in the direction in which the
man was walking.

Example 3. Water is pumped out of a well 20 m deep
by means of a pump with a motor rated at 5 hp. Find the
efficiency of the motor if 3.8 x 10° L of water are pumped
out during 7 hours of operation.

Solution. The power of the motor P is related to the
work W which the motor performs during the time ¢ by the
expression
L4
n
where 7 is the efficiency of the pump. The work

P= (1)

10

BARES B FEER
P +p2 =m;V,+ m,v,
=(m,+my)v (1)

Hep m, AAREE, v, ABEZETARE
B, m, WRERRE, v, FAREEZH
REMEE,»y FABLER, AFER
BRE,
R\EITE()HF

m,v,+ m,y
p=—T17 22 (2)

m, + m,

HATEQ)PEE m, FEE m,
R [FER , B BT AT 807 ] i B 25 SR
M. FE ()@ 8w, B R E &KL
Y, SR v ALK 53 By, F v,
HIBAAR TR, R, BF A M BUE A L B
Z| MKS #i

REMANRIVHEE RS mAE R, B
ENRFSAR. BAWBEERIE, N v,
=5.4km/h,v,= - 1.8 km/h,

H—F i, m, =64 kg, m, =32 kg, I
XEHERA TR A

_64x5.4-32x1.8
- 64 + 32

=3.0 km/h
HEE v >0, TAABEERESS, K
FRIF GRS AER T 5 — BT @ b

by 8

km/h

Bl 3. H—68485 S SikHK
M 20 KHIBHEH B K, R 74/ et
MR H K 3.8 x 10° F, 3R 3K 93K
$O

B DA% P A LIMBIEOAE
AtlE] ¢ NERSEREISh W, T3k

14

P=— (1)
i
He g Bk REEE. RERN m KK E
FTRER b AN



required to raise a mass m of water to a height h is

W = mgh (2)
The mass m of the water occupies the volume
y="
)
then m=Vp (3)

where p is the density of water. Substitution of Vo for m in

formula (2) and the resulting expression for W in formula

(1) gives
p = Vogh
n
Hence 7= ~B-—— (4)

Let us use Table 4 to convert the data of the example
to the MKS system. It is expedient to calculate the arith-

metic values in the final formula.In our case, V =3.8 x

105L=3.8x105x10'3m3,p=1g/cm3— 6kg/m P

10°
=5hp=5x736 W,t=7x3600s,g=9.81 m/s>and h
=20 m.

Substituting these data in formula (4),we finally get

_3.8x10°x107°x107°x9.81 x20
B 107°x 5x 736 x 7 x 3 600

Example 4. A body falls vertically from the height

=0.8=80%

h =19.6 metres with the initial velocity equal to zero.
What distance will be traveled by the body: (1)during the
first 0.1 s of motion, (2) during the last 0.1 s of motion?
Disregard the resistance of the air.

Solution. (1) The distance traveled by the body dur-

ing the first 0.1 second of motion is
gt
hy= 5= 0.049 m
(2) The entire distance will be traveled by the body

during ¢ =«/2g—h =2 seconds. During the last 0.1 s of mo-

tion the body will cover the distance h; = h — h,,where h,
is the distance covered by the body during t,=2-0.1=

2
1.9 s.Since h, = thz = 17.7m, the distance sought h; =
19.6-17.7=1.9 m.
Example 5. A stone is thrown horizontally with the

11

W = mgh (2)
BEA m KKHER R
y=1"
AO
AR 2 m=Vp (3)

He o AKMERE, L Vo REFE(2)
) om 4B W MRERXRATER (D),
HER N
p = Yogh
i
= togh (@)
7% 4 H40) R0 A X 4 30 7 e B
MKS %, XX FE &G W R BB
HEAFM, Xd:.vV=3.8x10x10"?

m’,p =1 g/lem’® = 186kg/m P=55%

=5x736 W,t=7%x3600s,g=9.81
m/s*, h =20 m,
EXEHRRA TR ), B5155]

_3.8x10°x 107 x 107* x9.81 x 20
T 107°x5%x736x7x3 600

=0.8=80%

B4 EYEM h=19.6 m B HH
THEPERERET), RETIEES, %
VhBIHHMEERE D (1)F—
0.1s B;(2)BE—10.1s N, BBz
S,

B (DFEBBHE— 0.1 s B
VAR MR A

hy= 5 g’ =0.049 m

)TEBFERIE 0.1 s BEZ Y&
BT hy= h - by, KW B, B

E¢2=2—0.1=1.9S(l£]j7h=%g5§a’l‘a

BT EA

=2 OBIRER MR, HH by =+ el

=17.7 m, TR BER Ry =19.6-17.7
=1.9 m,
Bl5. —FAEFINE H=25m B9



