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SOME IMPORTANT CONSTANTS

2.9979 x 10° ms" c BSSut
1.602x 107" C e e a9
6.673x 107" N m” kg™ G i
6.626 x 107 T's h i ey
1.381 x 102 JK™! k Lty
6.022 x 10”mol ' N, s 1 159!
8.314 J mol 'K R Ry
9.110 x 10" kg m, el
1.675 x 107 kg my =y
1.673 x 107" kg mp =dluty
1.759 x 10" C/kg e/m, el ek S A3 D
9.648 x 10* C/mol F e 312
1.097 x 10" m'" R ooty
5292 x10 "'m a, Hidy
5670x10° Wm® K* o S Py g
2.898 x 10" mK b LG s
8.854x10”C*N'm” & Srhedy Bedos
8.987 x10° Nm’C” 1/4m g
-7 il
4 x 10 Tm A MO d,.//:f.}/"‘jd/’ué
~1257x10°WbA'm"'
S LT

Other useful constants

oo

4.186 J cal™ J
1.013 x 10°Pa 1 atm
-273.15°C 0K

1.602x 107" 1eV
1.661x 1077kg  1u
0.511 MeV mc’
931.5 MeV 1uc?
22.4 L mol™ \Y%

9.78049ms™2 g
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APPENDIX A 4

SNl S x

CONVERSION FACTORS

(bt 3 Azl &S ard L3LT)

Conversion factors are written as equations for simplicity.

Length JLJ

1km=0.6215mi

1mi=1.609 km

1m=1.0936yd =3.281{t=39.37in
1in=2.54 cm

1ft=12in=30.48 cm
lyd=3ft=91.44cm
1lightyear=11y=9.461x 10"m
1A =0.1nm

Area .

1m?= 10 cm?

1km*=0.3861 mi*=247.1 acres
1in*=6.4516 cm*

1ft=9.29x 10*m?

1 m*=10.76 ft*

1 acre =43,560 ft

1 mi*= 460 acres = 2.590 km*
Volumeﬁ

1m*= 10°cm’
1L=1000cm*’=10"m*
1gal=3.786L
lgal=4qt=8pt=1280z=231in’
1in’=16.39 c®
1ftt=1728in*=28.32L=2.832 X 10‘cm»*
Speed Ji

1kmh'=0.2778 ms'=0.6215mih"
Imih'=0.4470ms'=1.609 km h"
Ilmih*=1.467 ft s*

Magnetic Field ul,yu’ﬁb (2
1G=10"T

1T=1Wbm*=10'G

2019-20

Angle and Angular Speed JEJL:U»!’;IJ

nrad =180

1rad =57.30

1'=1.745x%x 10*rad

lrevmin'=0.1047rad s

lrad s'=9.549 revmin

Mass :—;{

1kg=1000g

1 tonne = 1000 kg =1 Mg

1u=1.6606x% 10" kg

1 kg =6.022 x 10*u

1slug=14.59 kg

1kg=6.852 % 10*slug

1u=931.50MeV/c?

Density S

1gem*=1000kgm=*=1kgL"

Force a}

1N=0.22481bf=10°dyn

11bf=4.4482 N

1 kgf=2.2046 1bf

Time =%

1 h=60min=3.6ks

1d=24h=1440min=86.4ks

ly=365.24d=31.56 Ms

Pressure |

1Pa=1Nm>

1 bar=100 kPa

latm=101.325kPa=1.01325bar

latm= 14.71bf/in*=760 mm Hg
= 29.9in Hg=33.8ft H,0

1 Ibfin*=6.895 kPa

1 torr=Imm Hg=133.32 Pa
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Energy (t/5 Power =3

1KkWh=3.6 MJ 1 horsepower (hp) =550 ft1bf/s
lcal=4.186J =745.7 W

1ft Ibf = 1.356 J = 1.286 x 10°Btu 1 Btu min' = 17.58 W
1Latm=101.325J 1W=1.341 X% 10* hp

1Latm=24.217 cal = 0.7376 ft1bf/s .
1Btu=778ftlb=252cal=1054.35J Thermal Conductivity =l b

1ev=1.602x10"J

1Wm'K'=6.938 Btu in/hft: °F
luc=931.50 MeV

1Btuin/hft:°F=0.1441 W/mK

lerg=10"dJ
A5
APPENDIX A5
L BJLL
MATHEMATICAL FORMULAE
5
Geomej:ry d/‘ff sing=Y cos =2
2 15K B i £Z=2nr; r r
4= nr 20/0?3.@43 tané':% cot 925
4 = 4anr;
4 secé':;rc cscazi
‘= —Tr
P < . . [~
IS FEE DA sl s Jers 8 (5%
s )( h..dL{ il e Pythagorean Theorem
L= 2nr? +2n 1 h; X ‘. 5 19 o
rg . uﬁdﬂl}"dﬂjr’bu‘la +b’=c
=7mrh;
SN s As sl B
- 1
~/=— ah
2

Quadratic Formula s/ (5.9
_ a
JI al +bx+c=0,

. —bx\b* —dac

u:/’x_

A e
2 A b
< el d&f{:}‘(/Le:{)u y
Trigonometric Functions of Angle 0 As5.2
y—/f Triangles Y2

Jte A B, C
ol el ia b,
r 'y Angles A + B + C = 180°

_ sinA _ sinB _ sinC
0 5 a b c
X axis

?=a%>+b%-2ab cos C
:/}U(;/GD=A+C
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Ccos o + cos 3
1 1
= 20055(0(+,H) 0055(0{—,3)

cos a—cos f

C
PR 1
A5.3‘}{;- = 251n2(0c+[3) smz(oc B)

-‘gf.’/.u::‘ chﬁl:,tlﬁ&lg’p

equals <«
3

Binomial Theorem ,L’/d’gu

= equals approximately ‘a/.!/.ib“ v N nx nn-1)x2 5
~ is the order of magnitude of < 2 K084 (1+x)" =1% ST x= <D
# is not equal to C‘LJ.?UJL .
= is identical to, is defined as -‘Lt“lgg.i/’“gd' =L )
> is greater than (>> is much greater than)e_ 21 (14yx 0= 25 DOHDXT 2 )
<is less than (<< is much less than) (« /%= < /D) 1! 2!
> is greater than or equal to (or, is no less ¢ o w
than) (e tfere UID)e e U Exponential Expansion &7}V ¢
< is less than or equal to (or, is no more 5 5
than) (e b UNe s ZUilze ! &1 AN

+ plus or minus (§| =4 2 3

« is proportional to g;b,/tizi
Y the sum of ‘aiﬂj“ly

Lt ; In (14%) = x- =%+ ~x° 1
X Or <x> or x,, the average value of x L obslfx UK =X R X T ([x[<1)

Logarithmic Expansion & 7“5

Trigonometric Identities
sin (90°-0) = cos 0

cos (90°-0)=sin 0

Trigonometric Expansion (utq ,éJe) & ?é U..":C‘
(0 in radians)

93 95
sin0/ cos0=tan0 sm9=9—§+§— .....
sin’0 + cos’0 =1 6 o

cos B= 1_§+E_ .....
sec’0—tan’0=1 o
o= 0 o 20
cscrO—cot’d =1 tan 0= 6+ =+~

sin20 =2 sin 6 cos 0 . w“
Products of Vectors .,/“,}“ bl U

/,|y:)C(%;ﬂlzl;/5’j ‘i: ”ékj/.
o &K E

c0s20 =cos’0-sin’0 =2cos’0-1
=1-2sin’0

sin(e + B) = sin « cos f = cos ¢ sin f A A A A A AA A A Aa
i-i=j - j=k-k=1, i-j= j-k=k-i=0
cos (a+ ) =cos acos 8 sin o sin S S
ixi=jxj=kxk=0,ixj=k jxk =i,kxi=j
tan o * tan 5
tan (= B) :—’B u:/fzu!y{xéﬁ:Agw“u"{ d/
1 Ftan tan S
Una, ay a2t e
. . 1 1, 2 4 ~
sin a * sin f :2s1n5(aiﬂ) cosa(a+ﬂ) a=ai+a,j+ak
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S LS b a £

|a><b| =absind
Jtenlbacs Al RSk

i j k
ax(b+c¢)=(axb)+(axe) axb=-bxa=|a, a, a,
(sa) xb = ax(sb) =s(axb) (sis a scalar) b, b, b,

Let 6 be the smaller of the two angles =(a,b, -b,a,)i+(a,b, -b,a,)j+(ab, -ba,)k

between a and b. Then a.-bxc)=b (cxa)=c.(axb)

a-b:b-a:axbx+ayby+azbz:abCOSB axMbxc)=(@-c)b-(a-b)c
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APPENDIX A 6
JEK 1420
SI DERIVED UNITS
ugm,ﬁ;;lSI»{&/@zwuﬁu,fw;gSI A6.1

mi /‘.{f;/( Lol
m b

m/s or m s-1 /C/{:/’/d}f /B/:Jl;
rad/s or rad s-1 el b yRIe
m/s2 or m s -2 p?df';; Lt
rad/s2 or rad s-2 d’/»t’?&d&/ Cl/lgjg;li
m-1 k& )ﬁ@}"
kg/m3 or kg m-3 f‘:“»”(ér’/;{ e el
A/m?2 or A m- ﬁ;z}/&/f.ﬁ S sy
A/m or A m-! ﬁéfffl ‘c:’lbc)'yb“?w
:g}u@‘}’w
mol/m? or mol m? JeA G B
m3/kg or m3 kg-! LIHE Bt L $Z2) 6
cd/m?2 or cd m=2 2Erdduss fiﬂ
m2/s or m2 s-! L.?Gﬁ‘d/ (o}d/&%/)q/’t"?'u
kgm s 2B K BNy
kg m?2 /‘,:(‘j/r!/;g .:«J/];b{
m 3 )0
Jk S Sy

m3 s-1 5o & [z
S B A LAk
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UK SUr b ST A6.2

A 6.2 SI Derived Units with special names

UEEIBESIG B

eSS el

s-1 - Hz J;{ 24

kg m s2 or - N 57 s

kg m/s?2

kg m-1s2 or N/m?2 or N m-2 Pa J{"L‘ o3

kg /s2m )

kg m?2 s-2or N m J d}? ,;@Jg,ljr&étl?

kg m?2/s2

kg m? s-3or J/s orJ s-! W ) u’%‘t,}"l‘;}w

kg m2/s3

As - @ ._,)/ UW(!J/.
L

kg m2s3 A-1 or W/A or W Al Vv Ly NV ITIRY,

kg m2/s3 A °}v(f04

A? st kglm?2 c/v F 32 Y

kgm?2s -3 A2 V/A Q gl leif

m=2kg1 s3 A2 A/V S ‘f?-/: =Ll

kg m2 s2 A-l Vs or J/A Wb e

kg s2 At Wb/ m? T 1% ‘u"‘{"’ﬁ‘f’
S
I~

kg m2 s-2 A2 Whb/A H JA =

cd /sr = Im U:!J.. ulfé::u'mul"}/:

m-=2 cd sr! Im/m?2 Ix Ja :,;J&%m:’w

o1 : Bq ik LIPS ONIe
(L,Q{uﬁt’

m2/s2or m?2 s-2 J/kg Gy - /’ st e
,:/L':"l..ﬂ/}n},:g
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e e
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AR,
mvﬁétl?&)
e § e
bz
=3 3ey
bl ds

:ﬁfﬂf@(‘}‘/.

Li/fg:a'/é/.
Srhed o™t
deiddy

S eRID
L bl

FerdrSstdretrds

dz@fjl

(WSS e S 0
C/&J/}oi”b.dg
okt
vied
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T

Jeivses

€7 Sl
=21y
Suiag”

wJz
s H

FuoFs
el QUi S

S

et
KErdeh

UK 3z
BEAVEANE
¢ VAN
o418
oA G,

P NL:
2l

FA
28N
farad per metre
Py

Jriddz
ez

ok Ur 3z

r!/;g[} s
w8 S
F1d
KGOk
xF
(!/’j(& J7
A
S g
el
x8r8Jz

ULEEISLA F b2 5L U£KISIShurt A A6.3

JT!

Cm

Pl or Pa s or
N s m*

C/m’

F/m
H/m
J/mol
Js

J/mol K
C/kg
Gy/s

Pa’'
N/m” or N m?

‘Pa/mor Nm"~

J/kg or

N m/kg

Pa m® or N m
N s

Nms

Qm

J/m” or N/m

R
JSS

ey

sAm
m'kgs'

m® kg s”

kg s
kg s

m’ kg s? K"
m’ s* K'

2 2
m s

kg m® s® sr'
m kg s° K*
kg m" s*

m kg s° A
m° A s

m’As

m”° kg's* A
mkgs® A®
m” kg s“mol”
kg m®s’

2 - oM
m® kg s® K
mol™

kg's A
m® s®
mkg' s’
kgm' s®
kg m* s

mZ S-Z

kg m® s
kgms’

kg m®s’
kg m®s* A®
kg s”
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(Appendix A.8)

bl 3 SIS st S URL SLaIUE K LA U €1ST

General Guidelines for using symbols for SI Units, Some
Other Units and SI Prefixes

g dedisle o (DS A S Sone ot

Zubi-gs O QU Tt QWIS & 3L Dnr Sy AL 13 L FlensS 3 7 S S U
(Capital Letters)dﬁ&eup‘/u”{(tﬁ UEE g o cd'smkges U0 Ln S
-« b7 (Capital) Fd kg Ktk Sl L@Cgt&u':u*/v«f((t ¢ NA L b I U
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J2361ewb 2 Z(Weben 4» (¥1H3 7 $catm 2 £ 3615 Qd L L o $61em 2L £ = (e i

(Litre) #3612 L Flaots oo 2V A L(Volt) s diaZ £ @mpere) £ §¥1.J2 L (Joule)
2 W (DLt (DA b N e oo

U1 52§ GG 2t VO 7 (it OB G S ATL( GGy L L et SUZKT o

&
L25cm.l2 SCms:u(ngngQm:m el J&K'i&:&@ld/(w}f&:Q 5) 25(Centjmetres)4/)’z_/_ Ji
-u..”;/é)QSCms.

L L5 S5l od Ao k(61376 b iate $61 37218 () (Solidus) B 2 o
-égéd&lﬁ»ﬁé}u;gjgvg-g_fﬂtgg
LA LI m/s fs o (s B3 und 82 mulp) ms 2| m/S? i
IPI=I Ns m2=1 Ns/m’= lkg/sm=1lkg mi' s
foe Fleenlkg/m/siFe e

e i/ k fmol e eenJk ! mol™ | J/kmol
Lot $61 et St Ut Qo u’%u; Uttt () S b (Prefix symbols) Sk SUAL o
S 21y s Ao ket S 61T 198 LS e e UL s 2 (618182 2 1 Qe § 22 U8 B s
Lork(§13 LB AP L0 Ssu8§Sbous e S QI E o A L5 S 5a

el Lo
(i) (1IMW=10°W) 4£# (nanosecond) (1ns=10"s)
(#2§) Centimetre) (1 cm=102 m) ,ﬁ/:'zg (Picofarad)(1 pf=10""F)

(#£) (Kilometre) A km= 10 m)  %&F(microsecond) 1 s=b° s

& (millivol) Amv=10°V) 7€ (Gigahertz) 1GHz= 10° Hz)
sTeh#(Kilowatt-hour) (kWh=10° w'h=3.6 MJ=3.6x10°J)

/gflﬁf/l.(microampere)(l A=10°A) ¢ A0 m=10m)
:’/(Submultiple)J})ﬁlﬁﬁgﬁff:(micrometre)/‘fﬁgl,fﬁr‘a/.'/.é 1 0‘6;2(111101’01’1)‘03/?(.’&{1
Jﬁuﬂl&&tﬁ:ﬁ Je KJ%‘La/.'/.Ll o' mL(femtometre)/"f?g‘(fermi)d/'égl C/U"-LL(L"/» Vo
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&U:’ u‘f’.; uﬁ sz 21028 m? K‘('barn‘)UJL’JWZ//JLLQW %ﬁ,&&?’(Convenient)J(vgd/éw
- ?«L'J'LZQK(Cross—sectional areas)u:gz-gf'?uﬁ(Sub—atomic particle collisions)=(s
‘Lui{rLgL”’L%L&uvgﬁ’/?Lj){-%&bd) é/“{(Micrometre)/‘f)/?l.ég'i/(micron)w/?hég’dg
s #SU¥¥i(em, km, us, ns)2W'J/)’Jbﬁ'éguﬁ.@&déﬁ?mﬂfug/ KiSI-‘afﬁn,bJG»chm
BB GE L ot
(brackets)uf}&-‘al?lgfw&(f&(uﬁ/&ﬁiywu!,’jgl/?‘al.“lgw.’@t/&/%cwwd/é(lvg._,e o
Fe SEUI L AL U 3610 e (e YUK (PoweD Ve 3L e 1F 80t i
Iﬂ’f’.ujuﬁfgﬁﬁ'égﬁluwg,wﬁ’é:L/Ulz;”l/(lndices)ufb?a;’;ug
cr’=(cm)*= (0.01m)*=(102 m)*=10°m Kt _r¥cmd
LAl Ul C bl e bbbl crm? ] Tem® 1102 m? 10.01m3 otk ih
223 Lt BEUGIEUIL e e (16 2Bl e Yo T ke (61 C LBl e §e
mA2 € (mAP = (0.001A2 = (103A)2=10° A #n_lor 22§ mA? c}gr-gndf{[-+us’
e mA?10.001 8 by
e s Tps-1507 102 m! L Tem! Flem! = (102m) ! = 10°m™!
e 1x10%s K (10061 =10°s!
G 10°m® o (kmfP = (10°m)?=10°m? Kool 20K km?
~€nuﬁ}10’3 m? u‘g(mm)z = (10°m)*=10° m? €L 246 Imm?
e bW L o oo (sl ol e e 6150 b 1A S o
110,00,000 & A+ §10° . U Km® | k o €1 %< 1000m3 L1000 c ¥10°
—e U Mm® | M L ¥1510,00,00m
Suse §61 96765 A S U s MG Qe $2% UL Jb n £ gl bl WIo Py & e § 31
o Qe Lyl UG et WD)
Sl o i Lo 1M S s isrd e w3 st sim erk) ms!
Hsameli ms LA FHE G I E R o ek (e Lol et
Z 28NS Srl s b st §61(L £ Famerte 3ozt SO L o
e USRS e ¥ e Fr L Lims LA e FUE sl (L
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rE(L L J.:?L/)mww!ﬂ.l/-uf fu"ﬁif&w Lf;f’ .{r/"ﬁg Lo pmlissmeljms
Qbf{[-g_é@ék{u)?@b{lms C/’u’wl-ugfJJW'iL(siemens) J'/L/JK') S (capital Letter)
_fnuff(per millisecond)ﬁ{?&&}y&”(m (per millesiemens) J/L/J’ d‘a
‘Coulomb)/”fbg)/‘a Lt [_uj‘&/}tﬁ L L2y m (L Z (¥ )coulomb denc <l jcm
- ‘auf.‘)(centimetre)/"f(f&';,lb/‘Ku’l-(metre‘
Bzt S Sl UB i il /e
_.u.'?;lmum (millimicrometre}f}/..cfl.&) 10°m = 1nm (nanmetre)
-U¥1mmm (millimillimetre/’fd'd’) 10°m = 1pum (micron w/?t)
U ppm (micromicrfarad ,&i/:'.’;/?/b/?l.) 102 F=1 pF(picofarad,é;:’},g)
_u.‘?; 1kMW (kilomegawatt &I:Q}K) 10° W-1GW (giga watt & /s @/)
SUFKIS AL tISEUERI S I Ut e A in 62 5L 2 AL Uibine nbile G
e bty S & S Sug i ugkih o
J | joule/mole Kdggé.lglpﬁ\] mol ' K''| J/mol K [(UMJY&J:?)joule per mole kelvin
L Jper tesla | Joule/T #Z LWl JT 'L J/TS (& 3J2)joule per tesla-¥Z kLI Fs /mole K
‘.KL@W‘@.‘."‘;}:J/tesla
L J/kilog Ku’?-(é_lg W J kgl K'lJ/kg Kf(uk(('/;gdﬁ) Joule per kilogram Kelvin
‘(Ltgwu.?;/:fu]/kilogram K | J/kg kelvin | Joule/kg K
10ON I (AL et $61 S U e Qb U1 AL oot (KISl L L5 LTS o
et MN LN 2L
m’ mn? m?
e QoGBS et Bl L e e Efinulz 1077 (%1000 A7
e blows s 26 bl b s e S U UL 2L U618 Ui G Ui
2 5l gnam Wee teU bt £ AL (g)C'/'%}Lui(M)&g{&c/[weight -
K- b UIELLbund g ul m s W=mgi bl l AUiut (Ttalio) & 521 e (Fp 6
,;gtﬁuﬁ’;(granﬂ(g)ﬂ :5’(metre)(m))‘fr(watt)(w)&bui’wJél{wLi»
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(e 3bsed m et J et S35 e 3705 (weight) isw ertee £ W= mgielss
F=maiebir{A5-cmsm® e (10 e (A0 Sty ertsle kgewd 361
kgertb§ (1S e b e dmertbc et § (615U e 356/ (Force) = d oF et o2
KU 1 b o SU L L s e ms -2t § B61E U2 (265 U 1a bl
-z bl ok 3616 (are)(@), Tsl(metre) (m) Z(farad) (F) 42U

3L)d [(carat) od J81s (centi) (=3L1C « [(hour) 28 J¥1 sl (hecto) #7 5L)h re ik LA 57
31 da [(are), 13K si(atto)J15L-1 a (tesla) B+ (Eui(tera) £ 3T (day) o dEsi(decd 5
2 bt /3 Z SE Fop (deciare) 1336 deca g

S CeEep S 2 5 ogsd (kilo) # (o L 10m® 2 ) 31-STe(kilogram) L# (61 5:4 ST
¢ UK ) S8 L 51oe r}’fu@-u.c Lo e § 5 J:@"L/fc;(gram)ﬂf
-t (gram) L/ 0 iz 6 (killogram) (kg L # 361 S el et/ (millimetre) (mm) %
&;ﬁ@/ﬂ/yftﬁfz/aa&;%i sty - ufuuﬂ:‘a(gram) (g)(l/@b/’ Jaz{ﬁ‘amu’/glc
S 1SS B L 1ot £ TSIt

D IEHLST B AL §6iST2 K Lo JEL ST B AL St L Sl

-
‘Jf?;(l kkg ) 1 kilo kilogram Jg 10°kg=1megagram (1Mg)
‘dj (I1pkg) 1 microkilogram Jg 10m° kg = 1 milligram (1 mg)
‘p/;;uu.?;(lmkg)lmillikilogramu? 10m° kg= 1 gram (1g)

Lot s 81 S b LI G U s S iy L Bed T Pt Bt Al
JW1 bt ot o b U S UL U EIST S Ui G Ta 38 Pt Sl QL 152
LSk
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(APPENDIX A.9) A.9,»;‘J
DIMENSIONAL FORMULAE OF PHYSICAL QUANTITIES Lnﬁdﬂ:ﬂﬁ U/ L@fdf'b

Ust B

M° L2 T [1] é'jvxég’) A 1.
IM°L® T] [L] Sigaxizgx g ~ 2.
[ML’T] [M]/[L*] or [M L~ —‘; el 3.
M LT 1/[T] 1 ey 4.
_"a’;d/u
[MO L7 [L)[T] ;:},/JJ J.lfu ) Sk
[M'LT?] [LT')/[T] Sl ) 6.
[MLT] [M][LT] Cl/lx;o,;/ o0 7.
MLT'] [MLT][T] hyxe (24 8.
[ML*T?] [MLT "] [L] dolxe s @tl?:r K 9.
ML'T’] [ML* T}/ [T] N s 10.
[MLT ] [M] [LT'] L = es 1.
[ML'T*] [M LT J/[L*] o fed 225654 12.
[M °L° T°] [L1/[L] or [LY/[L]  datnd 4 13.
PN, Y
ML'T % ML T2 381115 u’“lﬁ‘écug 14.
MOLOTO]
ML T2 [MLT J/[L] Sixes e 15
[ML°T 2] [ML>T *J/[L?] ,}//Jtl? Sesg 16.
[MLT ) [LT'J[L] el 10 A 17.
[ML’T 7 [ML'T")/[L] Lol /50 %) 18.
[ML2 T-2] ML T] [L] f; s Seivses 19.
ML T ] [MLT 2] =7 Y Y 20.
[L*)LT ! /L] Sx 3
ML [LYIL] JP VAT 21.
//‘»} X2 T
IM°L°T] [LY/IL] oy ey 2.
) du sin®, cos0, tanb, etc.
[MPLOT '] [L)/[T] S RIS 23.
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[M'L°T?]

[M'LT"]
[ML* T°]

[ML> T']

[ML* T ]

[ML* T7]

[M'L'T ]
[MLT’]
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[ML* T']/[T]
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[T']

[L]

[LT 'J/IL]

[ML* T*/T)/[L*]

[MT Y/[LT]

[ML T*]/[L"]

MOLOTO ML T 1]
IML™°][L]

[LT—Z]I/Z X [L]I/Z

[MLT " ] [L]

[M] [LT T

[M][LT" ] [L]

[M'L'T"] [ML* X[T™'T

[ML*T" |
[ML* T |

[ML" T [T]

[MLT * ][]
(M] [M]

[ML* T7] /[T]

/E’)d}:;l]
)

Aol
(B ) xed

/G/d&)l] X W lapssh.

dolixe s

..::55/:/’/7, B{é&)’]
L

Jolixe s

2 lolimx s

Lol
S e
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dols
:«ﬁ'd/@/
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AL
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IML'T K]

[MO LZ sz Kfl ]

[M'L? T?]

[MO LO Kfl]

[MLT® K]

[ML'T7]

M’ LT?]
[ML’ T°K ]
[M° LT’K]
ML’ T’ K]
ML T K
mol ']
[M°L°TA]
[M'L” T°A]

[ML* T® A™]

[ML*T® A7)

[M~1L72 T4 AZ]

[ML' T® A7)

[MLT® A™]

[ML* T® A™]

[ML* T *J/[K] A7
=700
[ML* T )/[M] [K] Sedenr
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[ML T *}/[M] =L 1865t
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:«/l/.'wx:b{ldﬂéiﬂ
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[LT T /L] Gl pasd
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(ANSWERS) g |9

2 <t

(@) 10°;  (b) 1.5x10*; (¢) 5; (d) 11.3, 1.13x10*
(a) 10" ; (b) 10716 (c) 3.9x10% (d) 6.67x108 6.67x108
500
(c)
0.035 mm
94.1
@1; ®3; (4 ; (d4; (e4; (H4
8.72 m?; 0.0855m>
(@) 2.3 kg ; (b) 0.02 g
13% ; 3.8
_%.lgtnd:b{lff.ﬁﬁ(argument),:UJlaI{J’@JL}K}@VQ:D/W-@WGJM&:W(c)/;!(b)
i
m=m0{l—z—z] ‘e Uy
=3x10" m’
e bl ep pk B L AL JBldos S Rl ot AL~ 108
Gl LI Ln P Tagp Qb gyt i el B ey ST IS
6e S Ot Q7R e W Ty L Uree ft b el § o dund S8/
-ug&n(yb”én&/ﬁdw&@;?!d/%},?‘uggnrﬁfén8//;/‘/71»%‘4?.!:’;,7;?!
:ugzgwgf‘¢3(gJC/J'J/?J(persec).éjgVg/ﬁfﬁégld/&wm 3x10'®m
- $11+L£3.084x106 m
1.32 persec ; 2.64(£EST)
sl 18 et e f b S urdie Ut e Sl Eleeslied S 4x10° kg m®
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e Fle it e b u S us duit §burp §in

1.29x10°km 2.24

_‘ao.lggfé_jﬁué/@v’ulﬁrtan9=§ i‘LU/‘/B@//;_Ladjvbnd;wyé/tane B 2.25

Il o111 21012 2.26

el edd St Enlienl o LiFEIf e 104~0.7x 108 kgm™  2.27
-‘aan%}ﬁ

e Gt 1015l s (L8 ~ 0.03x1018 m2 2,28

3.84x1¢m 2.29

55.8 km 2.30

2.8x1#?km 2.31

3.581 km 2.32

e4

U LSl Ao 2.33

(167” &, m,m? c°G)

3 |

(@), (b) 3.1
ULE(d) € A —-- B(c) ‘B --—-- A (b) ‘B - A(a 3.2

375 3.4
1000 km/h 3.5
3.06 m§?% 11.45 3.6

(Freertd A7 B 201250 m 3.7
(ﬁgLMVJA/c/’/]JC/;'BZuW)l ms? 3.8

vT
v+20

SASLE169.8 m 62 Ll (b)terdZ Sl 3.10

=6 ., Jp= 40 km/h' T=9 min 3.9
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44/1m, 65 wind =S 75ya>0d b $Z)x > Ofc)
(-c".J»&/{'}?@'/id‘tzﬂc‘-.,«ibfgu’lmt'.a’)u{:lﬁcd%lgubg:éJIDJJﬁ)J}u(C) GloZ (b)bole(a) 3.11
(ool arbelrerei§EF e TnblbEord ) dls (d)

1 4

15 5 .
5 hmh ™, hmh'(¢) 0, 6 kmh'(b) 5Skm h!, 5kmh'(a) 3.14

8
e Sl S dn Pl L s F L6, 3.15
_énu:ipwuf%%;:a,‘ﬁ.,g&upg(a)_ugft_ﬂfuug 3.16

G U s Uy a5 LS5 L ()
_Gtﬂui”&Lzéc:’;Jl,wad///}ug(d) -‘L&ﬂdlﬁfﬁ.‘:‘?d? (c)
oG etel gLz bt od)

e (=0t L1 t=0F L FE- QS 655 Lo xt e 317

= 105ms! 3.18

wbﬁtg;.ﬂw‘a&’)gﬂucugfu:é,u»é%‘ﬁ/@_/gm-‘af@t/ﬁf%&nﬁ;&/'mug(a) 3.19

_‘g&)_ﬂjgfﬁ‘a &/’/
274 (0o B bt (B St & e Gk e bl g1l A SIETS i ()
e Qbppind L sen Ll i be he & (f§§ndS

x<0,v>,a>0 ‘x>0,v>0,a<0 ‘ x<0,v<0, a>0 3.20

iy
¢

o

VS0UL3 ¢ v<QUE2 Il P r M2l 3 3.21

e wlie Uil e 2,566 3.22
a=0; DsICB‘A‘a<0 £2¢a>0 3411V >00% 3 412°1

7L F-nd & s kg AL f—snd L =P8 me 3.23

10s, 10s 3.24

uy‘,ﬂng;%'&fwffLu/cuidw 20s e FE e Sus(c) ¢ 5 km B (b) ¢ 13 km H  3.25
e I2K (0) 9 km B! e = Ut

X, — %, = 200 + 30t-52t(>dNh !l x, - x; = 15t (»¢”)  3.26

36m, 9ms' (b) 60m, 6ms' (a) 3.27
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(c), (d), (f) 3.28

4 |

Ut & Bl e owod Quliold Sudraes i pad 4.1

wisck 42

¢ 4.3

S End)slc)S 4.4

T ‘T ‘F() ‘F(b) ‘7 (a4.5

BE oA P S e A EEUG P OGS KA IS Lo S/ L 2ol 0 4.6
eened L

et Ul (@)l 4.7

B‘400 m L {i; 4.8

21.4 km h' (c) ‘O() * 0(a) 4.9

3 km=ég,luu:,v*d"gf‘(iw/5)1.5 kmJg,lui/ﬁfut.:/60046;&””!//3_»;&1km 4.10
CUrul¥T)4akm 3P ‘866m «(r1f)
ce bnd Lol DL i SnSlibat e b U214 km B () € 49.3 kmH(a) 4.11

1180 P whibdor 4.12

15 min, 750m 4.13

&3>~ 4.14

150.5 m 4.15

50 m 4.16

B dy B, L A 0UE9.9 m 8 4.17
6.4 g 4.18

Dlo(0) Dle(b)(L LTS hl)blsd 4.19
7004-L .7 -x8.54ms™! (b) ‘v(t)=(3.0i —4.0t}),a(t)=4.0}(a) 4.20

25, 24m,21.26 m §(a) 4.21

2019-20



293

e

S 1), ; e 450 2 P x .
(_5_\5]( 43) AL F -xe J5 4 AL F-x, < [

(€) ! (b)
e dilo(e) 7

182 m s!

P ey 37 b S (U ) B S
et AL 3T

4

16 kmy 206 sin'l(%)=19.5° ALt

4L 54.9 AL ex§15:0.86 ms?

5t
e e (L wivlt £ i) = (@)
_fus’giéﬁ);v‘%w%;uﬁld:-”du';ﬁ&g}%;wﬁw&/.,ﬁ;(e)
;/;I/J/Wu_‘asﬁu:wﬁd»fa}f%;w O.5NJ/4/@/(LnL/(Jll!/yyj!éin)uﬁc)bupﬁ
Sutoimd 76 dut-e Uit e 4y Eopim el e it n e UF 9L
e bz FE R
e et lerueije (e Uila) 2000 o Uila) 205 (0) (FEHIN (3)
Y srcn
el 7866 0.1 N(d)
T (i)
t=6.0s30=15-25tyl UK v=u+atca=- 2.5 ms?
a=1.5/25=0.06 m?s
_Serfe7F = 3% 0.06 = 0.18 N
L wl b s568 Netan! (3/4) = 37%c =9 8N-10 N =5}
“ergbeiS2 mst =
=SB 465% 2.5 = 1.2x 10° ca =— 2.5 m s2

2019-20

4.22

4.23
4.24
4.25

4.27
4.28
4.29

4.30

4.31

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8



Y 294

F=3.0x10° N (" F- 20,000x 10 = 20,000x5.0 5.9
a=-20m 20<t<30s5.10
t=—5s:x=ut=-10x5=-50 m
t=25s: x=ut+ (%)at®= (10 x 25-10 x 625)m = 6 km
70 F30sdt =100 s
x, = 10x 30— 10 x 900 =— 8700 m
v=10-20%x30=-590 ms'yt=230s
x, =— 590 % 70 =— 41300 m:d- L =7JF 100 s 30 s
x=x, +x,=- 50 km
(4t=108),6§¥ =0 + 2 x 10 = 20 m's(a) 5.11
220 m s ZFBUE e abe T8 QL gk £ Pl b
(4t=1197»7 =0+ 10 x 1 =10 m''s
(4(t=11s)06, 8 A = V20° + 10°=V500 = 22.4 ms' A (t = 11s)
Ll b tan (V) e er )
-dé;/;b&)/ 10 ms2 (b)
b SSPEE S oI b S e s S (bob) e (1 (a) 5.12
b S Z D01 36 LT b KU e Gl Pt (bob)o by ks (b)
LBy QL 0Ibe FL I7L i G P §2 3T 80, Fhw s L P S (Lo 5.13
e b I L N = 5SS,
- 70 kgfi, ‘N=70x 10 = 700N (a)
<35 kgfi, (70 x 10-N=70x5 (b)
< 1050 kgkkts ¢ N-70x 10 = 70 % 5 (c)
$npi S 70 x 10~ N = 70% 10 (d)
—e S Id Snle U A ERSUE S () 5.14
-3 kg mst £(c) t=4(sc):3kg ms! iy t =0(b)
S EFL e d 20 kgl 5.15

600-T=204a, T =10a
a=20ms2 T =200N
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a=20m ;T =400 M2 L =10 kg/
T-8x 10 = 8a, 12x 10- T= 12a 5.16
a=2ms; T =96 N5
Udosd CE e (e U G KU 5 e T e p2 eI op G TS 3L Ul S a7y 5.17
—Un e HElSla
Ut s e BEE e (2= 0.05% 12 = 0.6 kg m§ 5.18
100 v = 0.02x 80 : xS L5 e 7bs 5.19
v=0.0l16 msd=1.6cm¢s
= 0.15x 2x 15x% cos 22.83=4.2 kg:bazﬁdwu(u’l.bauf.':/d/(bisector)..&ftéu;’d]'@l&muéwf 5.20

m s

40
v=2nx 1.5 x60 =21 m s!
40

v=21x1.5%x 60 =2t ms!5.21
T=muv?/R= 0.25x 4n2/1.5 = 6.6 N
Umax = 34.6 m § ‘et e 11200 = mv2max/R
< & Dbl otk 5.22
%)u}&@n»&i}ﬂuy/;ccdiéﬂlbi.c"_uf??%Jfo}&%éi//?(%di(lifuﬁ(empty space)ldb(a) 5.23
Artor K It T oo U8 28 (=F2) e dsund S G JA(UFE
<
e Lnl Nle B LE L (L)ool (b)
L L it e e o e b BT S iy it vt (o)
i Lo lednvd Slne Qoosf (foe NN IDAE L S1ogblunlie unl JI(N)= i’
et L e ZE e (e
e W L0 i pd Ll b i S 28 S 2 (momentum) =ik bt (d)
L SE S 25 e Je L 1 ems! L2 s e Ul by x=2cm sl x = 0 5.24
LB$su S 67 0.04 kg x .02m s = 8 x10* kg ms!
=3 F=65kgxIms? = 65 N« 5.25
Amax=Hs g = 2 ms?
-ﬁéu‘.c‘_é‘ (@) LU 5.26
mg+ T, =mv3/R, T,—mg-= mvlz/R
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12 5t SN AL et 1L UTFnl (s e 3T Sl 6 UTF L T 80, 75 o U
s Fk (/R L v2 /R

Al 6L ‘r).;iﬂ’(a) 5.27
af{(tE]{J/}LJ) F= (h,flgd/{;l)
Urkr=mg (b L)
F-300 x 10 = 300 x 15
F=75x 10N(b L)
(GSL) = 7.5x10° Ny Fa sl usflon s Mep 5 b 2
Aot I+ 68T T (b)
k= mg(b/ng{;)c =98y mR :(qlgg,(/?)')
R- 1300 x 10 = 1300 x 15
(LR = 3.25 x 10" Nk o)
(CbdZ)=3.25 x10° N (S dal 5L 5600 1 oL wibe &
3.25 x 16 N(cbdy) (o)
ced SO i fe s 26 3= 10° kg m? x 10 mf x 15 ms1 =150 kgs! 5.28
e 02 sl yr= i SUL K= Te L 3L= 150 kg s1x 15 mst = 2.25 x 10° N
(4D4 mg (c) &3 mg (b) (£)3 mg (a) 5.29
_.}':‘aNc,}d»‘zu;ﬁ’éﬁ 5.30

N cos® = mg, N sin® = mv?/R
el U
v _ 200x200

=14.9km

e g tan 0 ~ 10xtanl15°
6/ 4 s (centripetal)ﬁﬁ‘ (lateral thrust)tss u"”//? (flanges) UnZ_se # 1~ Ust ,;Ju’é: JY s 5.31
< &ﬂ&f’;_‘w"’uﬁ Ui el u}uz L@Q}JL?AU}V{ Uy %Ld/”(@’/&’l&'& u]&_/.:_ta

]

¢ ,:}Udlﬂj gj}"

]5X]5J

v .
7/// t N —_—] =
Jdg="" [Rg] ran (30x30
e Sl st SE 80 5L Sussenb g ad 033 Sl Pt el 5.32
-~ blli(b)f=3 250 N (b) 750 N (a)
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T =640 N ‘T — 400 = 240 (a) 5.33
T =240 N 400 - T = 160 (b)
T = 400 N (c)
T=0 (d)
dbesdsut@ee

e u"j‘;ﬁc«’bu'-uj&/u.‘/.(perfect Contac)tu’l?d"{jgwi (partition).ly> ﬁ]ﬁ"'u'BAlA(’?ﬂ 5.34
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