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10. States of Matter, Chapter 13

apter Sourced From

saledl =¥l » 10 Gas- gl

259




<70 (T G @ ST R T U0IBINP] [[IH-MBIDIN

COMAI (B Ll Sl 15AS e ¥l Jas 3 Y b
Loss S, 5] o e Labis JSAT goall
Lo i ded ) wuro of Jle sl B isas

? dalilay jads b Cbis &)l b oS of
T i 8 dueluel) Glikails @3] el
B3] s lag gols daiall ga o))

IRy
LB

<l yladly Jo) geead)

ot o icagdd) pld) Bl 8 Legets ASY) Baldd) Lea cloglly elol)
03 00T o pe ) le amann Guin S go bd,s e w5 Leaie Lea il
e S ple Uty S 80 Legd clsally oLl o 3] pse US a¥) Vg 09,825 ¥
LI sames S5 Lagre 6¥ g i) slgedl (Mg oladuasy claalls cloll
assll ada 8 aS,50) e Leged obiyel) 5% skl gLl Lea Jslsadls
ar s 2 ol pinl) Ploadly Sl Camis (aS L85 (i) egalid) plati
.Sy dnda) o)) caelad ub &Syl Acla¥) ol (aSy dasally 55,
el Gle desea)) doaad) Gawl) galas
canlod] ileaSe Jio 1 USG5 8umd) 3 arlod) glad Al Gyl 2]
Sl 0dn o g ata ¥y era JSiig dire AS [ Laded) ghaall oia
Sl gy Losie oasmy i) Lo 0805 8o o) ool JSiig e le
law JSiug gsd) S8 Sl dam el eine JS8) 85 s ¥ LealsS
Ble elel) Sl JSu 5le ) Jslad) Jsmis il Juams Losies Jasmo lsle
Bilsaad) ra S aaome S gl asy ¥5 oLl sl 33z o ilal) oL) i
LI sume S50 L) Luds 3a3)) LS slse o g9laed) lse o 3Ll

ol W) asame JSaT Lpad e 13190 as3 (lly o) oda B aclsd) glad T S
el ae 53 33E gle Las alilud) sl

Seled) 352 o) Moy id) L) g Lo 30

s 31 & ySa
ety 3amma S8 L) o) lsl!
Loydly ljlally Jalgand)

IR [T

Toldl sa Lo e

prodly baanll o M) Lo
L) 3, ol i yos

Sl 5L el Lee

o) oo loe

ol yaed) das) 0
Adasd) 293l

linear relationship
el il Les sn o) a0Me]) a
Jarwe)) sae) po Glos S

dandad! s yagldl

fluid ol
pressure darall
pascal JEub

combined pladl ygalad!
gas law olylal

ideal gas law _JlJ) jLad) yguld
thermal expansion (s ,! ol saed!
plasma Lo 33!

skl Y¥l> 0 10 dagdl 260



l - - "
dasall LS of Bll agedd) go (Lol ailal) slsalls) gilsedl 3 henll aie
sl ol ais wby claalls sld) daiis e Gedasay gobd) Liaew Loy .3s2)ls
3s2)l o Jadadl 413 o) Lud s5ally dasendl of ¥) .ol e o)l 352015
Lasall ol Loy o) @l axbus le Logto Lo phaw e Bagee 3,354))

Glas) Gle 5olh oS Unsen JSa et o old baad) Lle algiid) a5al) 9o
) gage) Bl clinal) 51, e S 2 JSEI) (B Lo Jens plially i)
eal) g Gle Unio MSi Loal) le

Jdasadl

rlad) el aslae e Bgwne plow e Bagee 3,550 392l
p=F
A

Laiall Guld sasg pellal) lasgll allas b awld deS s daial)
o 133 3ie &S sa asloll JSWlIl IN/M2 sl (PA) JSwld) a
ol 1iSay  aslal) o le dsdawd) ealys 10 db,s daio golusy dasal)
1 Ussadl Ssle doasiwd) sasg)l ,a 1000 Pa aludl (kPa) JlSwl oLS))
) Bauate gdlye o daiall el

aael) dagial) gas 1 Jgdad

. X 4x108 oao% 55,0
slinal] )y dogesl) 2650 2 Jsii 11x105 o)l mlay e alazy Gosl
wpeall plas ole Ui oS8 LaMs
1.01325x10? US| RN [ R PN |
B B pedll 2,500l CalS 13) e : ¢
e Aeginge calsy 12,000 N 5 1.6x10! pal) daics
sa Lo 91 €M Laa JS a3 cbald ) . )
$pall e e alS83 Gl dadaall 3x10 Censiy) i3 ple slegl] baio
M@ﬂw‘md&&# 1x10-10 250,45 dwiSe Joadl

SeLiaalt ik \

8o g le cams obl Joss dadaally alslud) slged) ciclaall 3)gelf
b Lea CBlis gl Gle dun aulsdl Gle Cload Lydis L) sen)) casdas
Cahdad) L) Slose g 0555 Al 53k sa audsd) auled) Gle Laiall )
le¥) olail 593 Jin aulsd) Jaos LplSe 3 bl cibose danss i) goally

L) Slasr G dals ) plane ol adad) gl 13) bs gslus clls, le
o A, GRis bt B s b el i ol e il Gles cavat
Ll Sl i 4By phaed) S Lpns Coles 3155 03 Ll Y] gens
e Gle goall Ji 3 a5,

Adas Gedas M e aegd oS L din i) dasald) dasadly colylal)
Jalss o daal) Via o Jla)) 5L (mtlas i Lea ccol3Lall alu ol 45 o))
Cles sy aise il s cllis ¥ 1 Jiss ¥ Ll Gle caleeusnl)
SIS a3 sl e Ja2s Gaasd) 5L B cslerand) o Go g2l
g ) plase B movall LU 385 daw ga Il

261 plydl yaslas o1 s

<=0 (T §mrT @ ~<TeE R €T uo1leaNpy ||IH-MBIDON



<70 (T G @ ST R T U0IBINP] [[IH-MBIDIN

ESladie a5, (5B sS55I B clerad) i sa) AS o) G e by
C_]a.oul_iJl [P e.ﬂa..a..v [PRCPIN VN o Dge .a.\Ja..AS 5,08 ole
635 Slaladan) oin [glSas Lol goud) 553 aes) by Lea 3, wld Lapglod)
) ' ) Gle 5L daios )
omd) I l5le JSES o) pha gaiae aie o) B lass
oo 1em? US e TKg aliS pus o35 51 10 N gls clalos¥) gaer b 353
DL 525 dgza) Gl (553 o D15t somll bl (558 055 anLu)
il i) denS @bl glazbad Lavie dazd daioall 1ig) s g o
sl goxd) il 3 5ls B el of Jle clo Glel ) wsms B aeat Losie
T 10X105N/mM? lgs Jsles 1ims 1€m2 (1074 m2) JSJ 10 N iy
o dagr dalel L] clls Gauesd) Lol 3 5,53 51,50 100 kPa 4
o le dasadl e ST s,a30) g le daiad) Jl) Jow ole ais

Loy 5,0 92 s,Y)

ATN @i do)) @M o pesS Gle ulaas 364 N ol o5 dadidd) lus
193 em2 o)¥) po e da ol LelSis ol adS) asLadd) 31l

SuaL¥) Lle ool Judo)) daien dawgio Leua

Sua ¥ Sl dazd o Ma ) puols Coso Jalal) eS8 b bl s caS.b

Wlue Yt W
.ub,inuhmevmlsgi;bswﬁ,w&mmw,@ .
oY) le ol Jalad) o S LelSty 3l Bsal)l GlS b Ly ol pitell spasty o3 @
bsa. =¥ cllug

Jogae palao
Pa=? Fg yun =364 N Aa = 19.3 cm?
Py =2 Fy o= 41N Ay =% x 19.3 cm?
Fg ey = Fg pon + Fg o =129 cm?
=364 N+ 41N
= 405N
desred) Clu> W
dass S mass)
_F
P=2
2
F=Fg,=405N, A= Ax=193cm? wbse > af= ( 4-|09$3r\:;m2)((100(fm;2 |

= 2.10x102 kPa

F=Fyo=405N, A=Ag =129 cm®  udse > b Py :( 410259Nsz) ((100(?[,:]))22 )

= 3.14x102 kPa
oY g W

APa =1N/M2 , Pa 155 o e il cilasy Siowowe @lasgdl oda Jo

55l =¥ls 0 10 dusgll 262



Gy o) il (e dnole o, ol @l (o 2004 1.0x105 Pa o) e e gomd! Laiall .1

ole JSam Gl genl) dlase o Lo zslsdl G2 15%

s die slogll lgs 352 o2l Beall Lo s

. X i
991 CM as o9 195 €M wclis)) Lo Jjaed oulsd) LI §76 CM wi e 5 152 CM Woks iSe ole Lol

Sonl) oia JSduii ols gi oo

12 cm als alasiwe a>lue le i,¥) 350 ) Guodls .2

deginge dpebiall lasdl (o 5,05 plad psx gaad 5 Saie L 925 Kg &,Lead) aliS alS 13) Yol 18 €M 5 L e
ohe Slasdl (s giens i e 23¥sd giles le ole Srns bae (¥ Gle a)lead) a4 355 g3d) dasall
Sl coddd Goangel) dalas s bS] ol L Sty ) dny )

Ui o Lol 5323 L3l Go,¥) Lle 454 kg ks
pead) dois a>Lus L .5.0%10% Pa ilo Lls)

ole Gl agldl o 5L 3 Js
Jow Jle dass 93 oleal) 4ls
Ay Gle yalgsl) o8 e oo
) G dase Jass Les cdasaal)
el i) Golue goledl) awa
poiy Loaie plaiel) o juas clelun)
2L ol

263 sl paslas o 1 guddl

50 cm X 10.0 cm X 20.0 osla olo ) o L3 .3
uolo Jl 236S . sa¥) Coledl Gle (5,¥) Lle i €M
el o 35 il dasall e L 118 g/em? golus
@u‘afx"l sle

S4,3Y 5al)

L) (olgd
et Cd 13] e 8))> dx s B Lplhas o 5L (e gl Jos
aloazr Gm AS) Slaslas Wlia gsSem SN hiial Jasy 43 i) Logasd)
Gosd) G presd) 8305 ced 3] L Jiles JSdng cdaiand) shssew cUdsy dglsd)
Als clesbat)) o J3 sae lia GaSiw &,md) dx s gy 5L o
u..L..,..SJ‘ LedlaaSh pls daiially ponsd) o Sl @33a)) oda . i) i

St i Jols 0¥ e pla) o)) G2 e ey Slsealls
SLEIE lS §Se dsr 0ld b el e 35ke LwSe Lgpnan diwlbiad)
’ P\Vi = P,V of culs = PV

el apass b aelas L alsd (8 Lals Gl adad) jeel o)
il g el L dslas 3 uin L cpaodly dadall Jio .aalis)
3 S o palsil) aadly pla ol 5L s

of azes 5L s Jols Gl ale ale 100 Som ags BLaSS) sy
sl dee (3 85 A U Gla¥) aena e g7 slase ualan ena)
Gl G S s, e Jols oSen @ ccdell G035 L8 adas 23Me ey
Jal Gas psad) Btas) sl (B Leass oSe GUIS 1iy iansis 50>
dabasee dabisl of waens pl3 850l Sles (B @Ses 39a> JoY Jn gl
paass @ 13) wl z,mm blaw¥) s colead) ada L) cday sis bl
iz Gle Blbd Vs dems> gsSew L) Gl —273°C L)) ot 5,0 0] s
ole srall alia gy lad) aall Gao L g L 0sS G2l 350,5)
oalSIb &, d) A elae

o) i S (e e pan ol daiis cod @l ) s lad) sia
Aol ople 0F) Gews dmandly GalSI) sasgs 35050) dx )y g Lok cewlis

Vi_ Va3 :—
—= =) culb = = JLIS anlsS ¢
T T AL awliS oSe

daall o da g Jold oy e 09 o 2oz ol yley eLiJ. aealad)
‘ALL” ol J L~5°§=’ Lo liag L.,JL‘..°J| S e AL &S pag )0 d) Aoy
NEN B YT

@5l pladf gl

Ligze o> (58 5L badss o Juolo sSe L) 5L o dinne &eS)
G D3lame goluw alSIL 3,001 ax 55 le

PVy PV,

T T

<760 (TR T @ T (TR “€TTE UOIBINPT [|IH-MBIDIN



<=0 (T §mrT @ T R <€ uo1eanpy ||IH-MBIDON

P Vi _Psz
T T
g S L) oslall “ g
- =15} 9= s . IR
5,14 ax s old £ b Laall old
v v
PVi =RV, %z'ﬂz‘
Jis osld ol geld

e he opla) Jisd S0 sl gl 4 :JS-:‘-" G2 s sa LS
sl Gl sae Jola gela) il J3isd s a,0d) am s wld
ol ussas) Sl alall ggslal) o2 ol as pdle Sl SLa)) eld
Lo AND Giloraand) i 313 Lo sl oliag ) 5L 3,0, dm )3 e
o3 Leo wslesd) Gloan go lommand! ilosla sae slaje Shaiiall Caasy i)
dnial) Jo Jlly colesbatl) sae o i Slormmd] gass @ll3) o) - daial)
N o sliza LD alall ggslall Aslas (2 Coltd) oS cara) 1)

PV
- = kN

& 20 138%10723 Pa:m3/K wiwdy glosile ol Lo () coli)
N plasaal go ¥y iz 1505 055 (N) Glemand) sae ols lee plasal
(Mol gy Tylazs %Hs) 2>15)1 Jgal) - Jsal) (e 509 WLt Lalall pasi
asladl Jood) olo Jpane 12 Lis oo Fang @) lae Leud causlgl) dnjudl Jile
) ) dess g yalraBl sae eww sasll Liay Lecws 6.022Xx1023 Jiy,
9 alaadl ool Ilayy)

A8 galas LuzlsS a3l (o diee 2 ilormand] sae galesdl sae olu
¥sell sae N g AL G Jasoill 23] oia alasul cliSe asll adsl)
obestder ol iy Glerwnd) sae o Yo ¥l plasaul (Sly 3352 9]
aslels -8.31 Paem3/(moleK) ey R pal 3lazs) wpasd) colid) lia (5,5
el LI el Less peall ASL JL) LI ol ALS CliSe s 2l
PSS 1511 [ NNy PN ESCYX. Ao | CON 5 FYT e SOMEN [N Sy PRy
' oalSIl @, x s R ol o2 borae Yool sae soluw

! 50 oel®
sae gobun demm B L)) dais s Jials S el 5L aewlls
alSIL @ y) > A ag R cultd) b by ine ¥4l

PV = nRT

Siedl 3usgs pmad) e Lot Covo wld deslas R dwd colS 15) wl lasy
09l Bgn (Radad JSiny (JSwldl basnlly GalSIL 8, o)) dx oy e
Cagda) paass ) ¥l lae Lo s (S w30 elala L) L0
ciansecd) 8,5 Gl s o) el sl

plall wl3Lall gls syl 4 S0
3ol da g daiadl o a33a))
L) 5L (e B3ame EoS) padly
Dolds dess 2930 (0 JS alazd) o5
Dy, co ala)) L) geld e

doro

SEals el Lo 13) sy 13Le 7l

8 iy A3 g
daz.all

s e S5 il o S
Saaly Jory e B3d3g)) e

asld) ¥ 0 10 duodl 264



ae 273 K L))y a3 5 20.0 L ez oo, ¥ 5Le (po e jLad) g,,n,i
S dasall slssl 120 K ) a)),ou0) a> s coansa) 13) (1013 kPa) g9 Lass
" 145 kPa
Ss,¥) dns] wusd) gl L@
J-to | g Gsz,¥) @i 3 ¥g0 sae axgi.b
2 s, (M) ade) aliS)) . am,¥) e aliS asyl .C
i .39.9 g/mol

g Jdos

i Say B e ¥ eley B dag,adl ) 85LaYL b Allod) s o3 ®
cdasally &, ) ds s

Agamally doglag) il iz S5l @

- Jogne polro
T,=273K T,=120K vy =2 Vi =200L
Py=101.3kPa P, =145kPa s ,¥) Ve sae =7 P, = 101.3 kPa
V,=200L V=1 e ) de alis = ? T, = 273K
P, = 145 kPa
T, = 120 K

R = 8.31 Pa-m3/(mol-K)
M- 5 = 39.9 g/mol

Jogond) bl
V2 ied amsly il alal) gelall pasawl .a
PiVi _ P2V
T T,
PVIT,
V, =
2 P, T,

P1 = 1013 kPa, P2 = 145 kPa, Vi=20.0L, T1=273 K, T2 = 120 K. uds= p _ (1013 kPa)20.0 L)(120 K»
(145 kPa)273 K)

=61L
N azgly Sl 5L ol pasaul b
PV = nRT

o PV
T TRT

P = 101.3x103 Pa, V = 0.0200 m3, R = 8.31 m3/(mol-K), T= 273 K. _ssc » (101.3x103 Pa)0.0200 m3)
(8.31Pa.m3/(mol-K)273 K)

= 0.893 mol

nal) AliS ) Al (B gsz,8) S¥se e Jismill Adsel) AliSH) pasiul .C
M =399 g/mol, n = 0893 mol. usss ) m= Mn
m = (39.9 g/mol)(0.893 mol)

=356g

9o dee

Ly pea W
olel il dneall aliSy ol 2UL (V3) pos) Ydowowe ildaod! Ja ©
S 5ol s B pandly prnd) B3k pe BBlsie pasl B edn)) Sdidilate AuS o ©
Jilgars (a3 ¥) da) dsamdll

<760 (TR T @ T (TR “€TTE UOIBINPT [|IH-MBIDIN

265 sl yailas o 1 gudl!



<70 (T G @ ST R T U0IBINP] [[IH-MBIDIN

8,0 dz s wie paasaed) 5Le o0 200.0 L oah cles .8 il bl s g poekad) SLE e Glss .6
3K a,),> ax,s5 1.55X107 Pa alnins
ool g Lo .0.020 M3 55l o
323K 5 5o bais 100 sic o3l
Samba) allud) 3 pockeg) 5le aliS L .7
4.00 g/mol aslgll La) adged) alasil

95°C ) a,),5d) dx s g, aue 156 kPa dasng 0.0°C o1S 13Ls .29
Gl wasd) asadl e 175 L ) posd! Gansg a5 dl)

g id) 5Le) elag)) abeS) adae)) aliS)) dawgia g L9 )
x> Lo .29 g/mol gl’p (uolw¥) 93 Sy 5l 0" olall oo

ax 3y el dasad) golun daiis e clsyl) o 10 kg
920.0°C 3,),>

Sl sadl saed)

s base el saen oS cadsS) ‘(.‘Lq.li ;.ljl;’jl o9l cas Leaie
saets o aaled) JIS8T pend demls g gyl saed) LS, > ds o
Eldatl] o woaad) gymd) saetll . Gusat)) sie (23ES J3) g (asL)
) Loabe b olsgdl olhss of 595 Jo ]
o) e casall dlagd) e pn Lisie ) pag B JSE) Jesdl cl LS
o) G aoslod) . lel ) aany @b oy 38S J3) zomy wls a3 ,50)
o 3L o) aseis o 138as Jawl L) canad] Calos sl 5%y cuiSY
28,500 U5 gl aa)ysadl &S, o) ada .oylyealls clow)l ety Edad) jly> Jid
Ll o eles B LA (hass o) pod) Jasd) alils )l pad) Jod) 5L3 e
ols Jiw¥) o clesl] Guseas oo Lonie adyel) le oldal) d s gsne oLl
Sle¥) L) sty @ ey e g s Jaw¥) L) Gosss caiS¥ls 3Y) L)
ole ¥ e 308 clel) o) aadll

PR [ | U POCPES [NV (DO POV [P NP [y PP JEN | RET [ AV
Nz Geds S8y Bosdae dilo 8308 Jludl (3 ,Sw of wad) ge 685 Jslsal]
o in b LolSy Lia aST 5 2838 5 e o leserme s o
Clegerad) Gl Jams cilecwnd) 35, ol Slad) e Losie il 3ske
sa5as lpian e sty adall slsall by suens Gl A dal) Guiss sueB
ity Jaass Losiie csiens aleSh SLad) (ol oSy ccolegamed) oo oilelal)
bl slgall o ST U8 30 Jlsad) (0ls 8510 a5 B it Slane
) e saems g1 usll gud oS

o] s LSS 3 o)) sasll s T padll pgd (e aSE) ?

5% 4B i lad) o 4953 a3 Lgseas wie suen asled) ¥ Sals) galay 3L
L) aseass p Lonie ol ¥) Gmair of cave cnad) Tigly clod) oo 23S L3S
shap abosad) e geall o¥ palen osadl e Y. .4°C ) 0°C a> 5 e
J5a5 Gl Slpslls esd elol) oot o goal) sl wila) ol ssbs
NN VN UV PCPSpE SN L SN BT RNER BN |
Ayl pead i gadlin cld) paemg Lgan ) clysld) siag il ysld)
s L ol 4°C o SLel ) a,0ad) dm s a5 Loy ) %) .4°C
NEPS (LTS RUYC PO | I IO DN PR JROL.§ { NS | LSS,
Lalond 1im dols sld) g sy ,al) 35uel) oda audad) gabay Lyaiss 4°C as
A8y elis S Jaw¥) (B aemite Sl Gl e aled) o o) il
) el 218 gans o) Loe

e L)

TN\

o

Loaie Josdl lhls Gass 5 i
LS Ja¥)y Eas 2S¥) el selaz,
839, ASY) elog)l daigss Ll )

LasliS,

asld) ¥ 0 10 duodl 266



‘;Ls./ .

Lol e smy 53] isll) el gSU
dshs 5l g Gle seisy deasis)
REYSS 4|
Loy I
eastl) o ay5ell Sl ) U Lol akad) 83Lel) Gaasts uad 13)
O Slosbath) SLAST 281 a,ad) dxys ot o) Gase @i L sle ) Ledame
oligl JS5 clidng hdl) G olig Y1 £l amd 8eeS gad clawuas)
Grgd) bWy A td) Al g 2N alall at Wlod) dim i) divge
k) S e 3 Al Loy ass Loyl Leus
ASY W e amasd) 5 L) oSy Al e gas 93 LoydL) Al
alle 5o Sl LM o Ll (5 pomidl 5955 050 8 salel) Loyt
bds)) zgsag)) e 0eS Dladly pemd] o Baled) o S pd i
Gl Lo Al B sz g0 gyl usies‘ ol Sl) Gle soim ¥ gf—”
Lo b8 L) Jemgs LS L) ol 9 Lo3ddly 5La0) o aolio¥)
o2 asmaedl b Jie cgand! lidd Lo3d) Al Lo daelall LS ¥ o3l
ole Lyl go1m Clivyne o Gl asslal) golad] Lod) goos 6 JS)
LodJ!

das) po 1 puill

e 0.0021 M3, (e SLshs Glim) o o LA boLiidsl .14 L3y ol3llly Blgad) Gpo ool3 AudiJa,S2)) 10
303 K 5,0, ax )35 gomnd) dadenll Jslay daiin sac clsyl) lyall B ndy dageis les Lgio US olisuin dgally Jaiall .11

6 A .. . .
rr>s 2.01}10° Pa o luae Al de ‘l"’J'3 ? Bsamally .20 cm X 20 cm X 20 €M ) aem> Joas Leans]
S bgianddl 5Ll aslgd) 5,0 5] a>,s L .0.0003 M3 o laze 20 cm x 20 cm X 40 cm =9

aie L1 e 1.00 MOl g Lo g.u/l,,.i." 9134." ! 15 dagdl daii s e odgarall g @l oS S .2
9273 K 5,0,> ax )35 o) dniall Jslsy daiiss Sl e Legele glg))
A3 3 s3smsal) slsall Co¥se sue oS A B slegdl .16 oo JS Gle 3,35al) 2SI dlsall 353 e o 000 D
cals Jl> 5 92.00°C 5,),> a5, aie 0.635 M3 Laos e“‘*ﬁ"ﬁ“”
9 clygd) AlS Lo .29 @/MOl Llsul) alawsial] &gl alis) slole wossiiin 3l ualall ool Agad) 3l ¥ ple .12
. i M) o) alsla LU pewn Gro pwS o Eoan Bgandl sls )
j 25.0 M3 Lo goim gualall ool oS 13) 2,50 oo
P 5L 085 ) Sl ] o &Ll WO i) 17 e L3 o) s (satass (o llwls parlegdl SLE oo
s o porle)) 5l 05 U Slauand) Gl s, S)) asS) 0sSs e 2100 M glasy) ) oslld) oy Lowse L4010
20 L ae 2 clocasd) sue oo avaiias i) Lo Jis Aol drs s o) a8 Gle $8.2X10% Padaiall
e B Slarandl sas &5lhe 95, U) aeaST b 5L o . e
i a9 gutieal] GUS olS 15] paclegll e 2.0 L aslaw¥) 8,0, dm s colS 13) &yl ol davyag ABESY 13
’ Sdaially 8,50 S 94°C ) Lo we oL @30S Lan 2S5 .0°C
?8°C FESSEY

267 s yailas o 1 guudd!

<70 (T G @ STy R < UOIIBINP] [[IH-MBIDON



<=0 (T §mrT @ T R <€ uo1eanpy ||IH-MBIDON

bl gl 5 gy

Clews b2 Ol par B ol oasled) IS sb éjt

Hals phaw G ) S awwa o )

oo olel 8> 2Bl el ) Slarws) E;JJL@ gﬁ
Juao bl . Plad) 3,21 (o gl Juiaed)

g-’;ﬂguba—:&u““ﬂwgﬁ-"ﬁw‘luot.l-t-o-ol-.t-l
)l Ay palasal J)

Cluled) g

eled) 385 e cld) plaw Gle i sas clod) Gpuny glay 7d5-“-"u3
Aol 29 u_s._Ja_mJ‘ Sod) G 1ia Jans u’ LesSer )ol) daas a)_m:a_” FREY
b sl gy aSes axbus J31 ) alen of ) Jlad) gdas e
o) ! (553 oo Elwled) (598 L) Sl g cluled) 93 oo
‘7M‘uﬁ‘JJLuL”C_h_.ouLIL_’>~X coand) lpass pe Olerwsd) Lydslas
Slerwd) B o Slalea¥) 2818 8 glate JSds s Blad) o pwsr JS
) Cou alerwad) Gle 35 (08 dlass axgn ¥ U dvanS L5 gl
ars ol Gud o Calsaly e s cileun ) i el Gle L
rhad) Glabs Jor 8 oty aslal) ladal) Gle 35 Jawdl 553 ilass
pSoo S5 33900 doie Hslu plawl) Glads a5 ik Sy dbgiias
el sy Jio Nis anasd) slus ¥l (s Jesi) GBUS S disd as

dacdiag Wyuwie Sl le pes oLl l,da3 coly 93 0sS ol oSee) o
Slorwr comus Gl 8o) ot Sy, S dan)) oda JSa 3l Lias
ol elly ) JSaly 5Ses 503 Sk Ipbo ) Jar 3 Ll glal)
LaS) L) oeSs sl ol 5l 315 LelS 8,50 g domond Al o
cro 92l 38301 Bl cluls 553 olb W JL) Jorw e cambai ;uS) daglie
ole Loy e Lease (> 29,8 Wil Bl gasl) JSi bl cluls god
ekl g Gle gra L) 8,000 @15 ulal pla

ilase ) s pad) Gle 3393sed) ibosad) oF el sy oy 7 JS5I
JSd Gl Blad) (e sgir JS o and plad) coss Lol el J) Lales) 550
‘olalysy) 2505 s golce

s 1 5 Sl
Slow o Slulad) 553 Gass
632 Bass Leco aaslgl) aslddl
Mool Olerws> o B M)
Ldnlisl)

PN T ()

oo g2l Lo o

Saadall 553 Lo o

Spoedll oS5 S @

)5 paed) dal e

o= net force 5i)) ilaso

Lo s le (552)) e Eoenma
dagu o e

cohesive forces cluledl o0
adhesive forces Gw3Jl 452

asld) ¥l 10 dasgdl 268



o2 bt

A.M““ 5,3.” o LQJ“ |

(N N NN N NN N NN
Gl (552 e sy QGLAI
Ll st le 25 U bl
o s 5ad glob askad) ares¥) b
oo sled) ilysr sm Loaie sl
el 1ia G (3ls¥) B L)
o i ) Basleall L) s
(Ll Gle cluld) gsd daslos .3l50%)
PRy 43,0 ol ks ) desi iy
s el Job Gle ela) com
e 115 [z (¥l

alasy (oMl 553 Cow 8 JSL
sl am Ll ghasd) Gle (L)
ikl ob Leaw 38 Bl
M) (53 cro 553 B B3 o
o yassiy U zle sl @830 o
oss¥l Jo> 3550

269 ol Jsls g2l @ 2 pu)

Slerwzr e Slosladly clulal) 555 adlbd) e Blswd) B dar g3 U
owlize 2 SAlS) 3lal) sapy Bled) 3305 ¢ lag Lls)s BlSis) s Jld)
o) 0sSy Lo o)) b clod) Sl dz gl oy Sl HSi>Y) i
U ETJOSONT [P TOS B YN SETUSN | JFENT e POPERPSY | [ FCEL Sk S CSt IS JON |
e cro das ol Ouﬁ:p BOAD B gnia joSeo W;.J’l Sa> ¥ Jlag ,h.ln
calissg pesd) (o gl e am g amgi) Blawd) AS) e Basly as ((m),Y)
Bl ax 539 oS ) cows ggn JS) A gil) Ax s

Gl 599

sloel) Slerur o 3l (553 o Guo ) (508 cluladl) (555 LS
o) Gle oLl gany bl e lS Uﬁ ol wssl gos o Losie aulise)
Tl sl Slos o 3o Ml 552 8 JSAIN B alas LS g oLl
53 abead) a8 L) Slase tw clulad) gs3 e a3l L) ks
353 UL gle s 3551 G 3ol (553 G 5531 38511 3 e bt
sV o> 3830 o alasal Lyl gsal) aia cuudy (sl (le g ¥
8 sl b gl LS

Ul g eld) oo eld) B bo Glsls a3 95 alas sl gy @ 13
692 o 531 el losrs gl Gw 3ol 590 oY U Jhas .pal
G el (3 ailen i glinsd) b eled) et el biga o clulenl)
S G 315 15] L) bairs Tle ) o Al ¥) gl 353 1o and; @
1. s oY) plaw aolus (o bt ¢ ool S olel) (355 pam 255w asa¥)
o LS 28 GVl & slae gead) as¥) Lo lel goiwdd L) g
Aaet) Jab b e pedd) glin,) s g d,aid) dealsdl 5 ala)) oia
) obladl sede Jsls s &l I3 L) &S,

5 LA | PR )

s b 3 LS Salaly o) padl (b clodl a5, anss 1L
ey o ) Olerwad) Ceelaiw! 13) dalisne ole w9 Plud) olows
s S5 L) o g Bgn Ll Al dndadl S e das o
ASY Slarand) Gl plad) Lo Jawl) son dgaie cluld 559 ilass 3525
Al Jia Glevwn]) Ggpa e cdazd g )l gplaiis 5l

<760 (TR T @ T (TR “€TTE UOIBINPT [|IH-MBIDIN



=HE |5 P @ FeE e IR S5 WORBANRIHEIAMMEBIOIIN

ard) sig Clews 3, Gl pe B s LAb sal) Sl ag )
o Graed) i) b ss B sed) conny L) A5, B 8agdl ads clleas
.]a...ag...gJ‘ uJ.c‘a..SPMUodu-?—a u|w=6puﬁaa,quuﬁ J.’L..u.”
walosal Lol coelss LS aaad) albosell 25,501 28lall dagie anses
JeoSIl e S L0 8 5) o) Az s B palesa) ga &S ) B8l dawgie GO
St olsd) ale e 5um Losie syl b Logolo b o cloy asl
Sty &) Bla) dnai cluls gob el Lobose o dsgus JsmS) Slose
plar ) Jldl ey de s

x> wie DLl aL¥) G By AST ads J o) I3 S e Sdelas Ja
s e s, Ll s (o slsgd) ssiome ks )l L) (3 Slguuan 5],
asld) L) Slse qead Lhss slygl) B oLl Slasr o S 55>
‘mu aala¥) sl 5T g el o Ly Ssuall G e J31 3 ,0all ailee
e ) L) b e a5 Gle alh ek ) 05 U
gt b Laall 9% 5 pud el mgd o SSEI

Al ) sens ol Ll o8 elegd) L) e 3l JaL.‘.Jl ;‘L‘,._._..._? a5 s)
3Lo LSt | ens dcleny a)) o) Ay o) 25,50 43 o) o) abla)
USSR [[PSN] JENUNS 35 F AP EEN TR S RO ;)L' wu Caning ) Eramy
A P letie IS eld) bz e alSie el i of Wl oo
692 pead (aBlS Bls s oly 3L pladl palaiaty gl b dasd
Lasgra pued C8lS JSdu s3) clulel)
aLa;L‘-qUJ.L@M‘9M“?3AJAQL¢5AQSQQJQ‘HL;@Q¢)9¢J‘
Jo> sLd) jlsw abl8n 5] dx s cumasal 15) le JSa Jle sl gl e
JSam  dazd 0.01 MM Ladad ul,udad gy slagdl G2 5miall Sl cilous
Wle oleadl JSan oleal) gous go,¥) mlaw sle cildazll sia (o sl
Do JSis Loyl clead) Jrasy 83,501 ,80 cdad) dagd) s o Loaie
walass) 8 lasall 8 parlad) galese¥) oy g5le o die nad po Leaie
S G Al el s LS ) g0k Les elesd) B 5L 8,0 ax s

LRI o) clagdl 9 YS!
S0 bodie podl) JSAB aa s Iy
bl sl S clsgl)

GL_Q_},f.JaJl

Pl sl

ss2s le Jazus of cbSc (aS
¥ aeey cluwleal) 550 oo 43Me
sl

das| po

2 i)

G dil) ollain alasaul clulidly gl .21

s gl le JsonS)) glail) e s clulaally
553 gladl) paes

85l dzys i levie polall B dapddly S .

Jlasy allio apannl g cdal) g3 a3 Jal)
Saeluy 1in Bl Jab) Goly Gle 38, Alsgn ,5on

by by adle Gk 53 5l ps b WL pSddl

Al Lampn clas ¥ 5L L) e 5S Lyaes L Ls
T e 30 Ll et oS GelSH el e ol
b0 aas dens o3 glesl) e s 03 L) b

bl Gl el e Sl gnsad

Go¥ day, i pllaas do,adl &all) ens aces JlaSal 18
0oSs Ja alia¥l oda 3 .aSuleie iesemoS Joud 8bes
Labine Bl (uits 3 doasnioe ASuliios Guo¥ rllaias

) Clole] z,a0 Syl b

LS o ,oS) 2LS an) L3,e)) clidie odawd! gl .19
Lo celed) phas le salay alevs o) oSe U3 gay Lol

S Sells igasd e ol e o3 @l =) L

oo Cltill o Lo o s of chife caS gatall .20
Spals

55l =¥l @ 10 Gasgll 270



AS o)y GaSd! ¥l B a5)ged!

colol) (o 9S8 Gogds 619 wliS o)
o LSl G I cre syasd) ae 395 oS

53l g3 1L ws'u—:’%u—"’f"*’ th@ H

G Lo Sas 1 aalel) Lo pds Loy JaiY
Teledl Gua ! s @5 O] S

GsSall B glgel)

e Lle oyas =)-—*—-'9“4>L-—aués—>uﬁh-a-o-c-m-1n-csd-~u|
e wein ¥ @ oiad Ul laall ol cdas¥ ge% 08 elasl le bia
o reS) ea) oo o) 0S8) Lisiae g S5Le BlS 15) Lot clul, Zening
NSN]]

b b le daiall ol axs e, i sa JISwb el JLSwl T
Ol ad a3 cleg)) Sy ddade iy Bled) B Lgree Sl asias 5L
ssamall @ldl e adaz I le aadal) Jcs_mﬂuﬁ,_udi of I Ll LS
dae ) golol lesl) oliazs L) clnl per ) ol SLolS Jud sles o
bl Dpmre ssl Gle daiis 3,0 JS 8 - JSwls Towe pusls o F) ads a0
Jil Gl clalol cuwsls i) bsall Jamy JSwl e galats pei gsios
ol J--o-”-'s e ¥ e gl Gle pamad) as Gliwd) Gamae IO casn¥l
s oLl oY) le) ol Bldl coles golls by asi ole binl

93 ‘59.4_” daclad o¥%) gﬁ Sloodl plasisl g JSwlb [RO O laedas as]
silate g,z G ld) a0 JSEI) b glay 3 SSgsagl) alia)
aigs.mwbmu@ﬁsaﬂip@aﬁ,ﬁf
(P) Lasanll ole Af phaw dslae colSy Jo¥) uSodl Gle ¥oie (F)) ol513)
oSl Gle bl dawlss Jydedl dasnl) Pr= %9—6 ol Sle Jodue!

Py = /’52 0855 Az asla dslwe il L)
2 5 5

ol (1 LS i) QS Lle Whin Jig F ol cos 10 gSad

e (F) daclad) ssal) Jis oo wld U aovanSy .old) e Jazy dasal)
(2 S8 LS e Sl

) i) SFp aed ol 13) Fo dnew S gl

F

—

R

1 Luse

271 25,515 geSiadl ¥l (3 gSls) @ 3 puadd)

&ILJ‘},t-d.J’

..l‘.....l.“...l

danls H)) & ,S))

plus¥1s 2805 ung)) aeladl
o Ayirdl 53l Lle seins aslal)
sl

PO | T |

Ul Tare Lo @

JEPROPESH ) IO O SCTPAL
Soalal) le

Selogd) 35 B e faro Lo ®

ls agl) das) e

5,55<)) 552)) 5 Pressure dai.sll
ole Lagaie Lo glass ole Gagee
o) cU3 a>Lao

duandad) ls el

Pascal’s principle JSub face
buoyant force galall 349
Archimedes’  _uoaes i awe

principle
Bernoulli's ECYOry RO
principle
streamlines L oJl bbglas

<70 (T G @ ST R T U0IIBINP] [[IH-MBIDIN



<70 (T G @ ST R T U0IBINP] [[IH-MBIDIN

o9 bl (B Jazy dasall ole ISl Tad Gk
Py dail) denll b sl Py dasal) ol 14 i
D o ) (Sl dlalyy algindd) 552)) mams el
T Fa sl bl dsslaie) dagiad) dalas

S g jogd) Aadl ) D (o A glued) Go)
b e dadied) 85al) (golus LI GuSel) B e Ayl agad)
alus ) GBI GuaSel) doLus a8 B me Jo¥) GurSl)
Ja¥) S
,

L)) cond ds Lewd)

Colng LIS slag el dais b ads cpes Losie
Ll s alate sy tandled) e dakiall lis g oS] gas
elig ) elod) 2o shsjin el Cumes LIS ligh syagll]
Lagwao (Fg) cled) spee 39 $obus slell dasisn daind) slas
ol e mesll Gle (A) ssenll Lisall plasddl aslus Gle
oo iall o g5L) Gle daz? Jau¥) soi s 23le)
Gl Lol 1,55 LSy csloaly Jawdls LLe¥) scalalsns¥) 2308

Fq
.P—Igulm

ol alislly Fg = Mg gLl e 59 G39
ol LS .M = pV a9 &g a0 bl (p) 23LS))
Aoy pine sperl) sacla)) ixlue 58 Bldl pas b Lo
Y. pAhgG ymssss Fg= pAhg UiV = Ahicelss s

Fg  pAhg
_IA_.‘_.JIO_‘.A‘_];..:_%..P=7=T Ans Fg o

Laiall dslee oo 3500 dawl Gle Jsamll aladly
gedel) pusd) Gle L) (o 2gee LB (0 usled)

! (ple 2Ol Jars
o? ol BLS L Juals ol pand) Gle Ll (o 39ee dadis
i ,¥) Aodled) gilus B ssesdl glis,)

P = phg
Gecs ol BLES le b pusr Sle pld) lain s
lolsid) cainsly 11 JSdd) P el LS .G o sl
Luiall e w5 bsis coalsy sl wslsl gael
.5, 1000 b)) gax)

Lsloed) olile pusin sl W) glay day JI <
daed) gleel (B atid) plad) e wosell &8, clalys)
Lo aall ayl o) ciloal) gl cal2aS) @ 1977 o
JSas  dam o) gls 353 gl gall dnlsil) (Bl olb

oo 1 o Lad) cld) 3aan Loace a5L1 4yl o) coloial)
ol gl B geai)

- 3
- N‘h ]

a0 plas e Ui g glewd) conls w5 .24
saiays 1600 N oS G3e S 13) L Sedg sl
o)lane s o) aslane d>lue guSoe le
ole Ll 3300 3520l lazs L2 1440 cm?
La,late i yo)) aslang a>lue o an¥) GuSo)
i 8,3l ga,) .72 cm2

ouSe Lo 55 N Lajlazs 353 Jin SslS ud .25
23,0 0.015 M2 s o)) anlana dluce ,Susy0un
ol ) aslae colS 1300 .3 0s 35k
T Lesane sske) ale ans i) GuSel)
% kel 035 Lo .2.4 M2

plad) olo aga)) dncling Gorbs e (giod .26
a3l ) @ psm o) Cagll puis 3k Slsaes))
seSe Sle 400°N (5 Juls cady 15) .d>ga ¥ o
sle camys OO N o5 b ot Jod O 0ilee
?M!#&Lﬂmoﬁw\u‘;iu@

el )y

bsall s
Soullaill Gu3¥) @i oy U1 Lo

bl dain (s calalgal) oo en 11 JSZ

aaldl ¥l @ 10 Ga~od! 272



h h+

& olel Gl ssn bl 5n 12 sy
S 835el) 3530l (o ST jseiall pand! B
iloss ) gylall glad) (5 Jad
wpilall 593 eus LLe¥) oo agall

OS oo o s e YT see Lle cilnll oda dpmy e
Liall oo pi e ubal) gl daiad) e 5,0 Ee bl is i o
3L ayl,ad) lozal) a5 ) Jha ¥ guedd) cpis o digasgy g o))
LS pasis Lgrosl (3 LA @Neal) dgs¥) plasall 535 sbdl
JolS e aBLII (pady i) LSl 2lnd clial) elo G e gsaesd) S
aold) &) o) Sl Gle Gy ) ¥ Sl e o) placd)
ded)l lalge cosnsu) .lbgdas ¥y Sloely Glog,dly Loed) aliy clel)
Lomally gaiglly eallb¥) ool b 2ald) )] ciloval) Blasaly L Sl
[ DA | QUS|
e g Saslewll el e (3 Ll ) aenl ) 852 @iy i) Lo galad)
salal) 353 & lne cgadadl 398 e LLe¥l g5 853 Boa)) Wl pe dasad) Wl
i o) Gogdiw puad) YIS 13) Led gBsal) cliSe )y pe pan 0 855

Lol 93 ot A Glaly golal) o amluag faelis)) Byaio ol oozl
LS ccslamd) 2818 le dujles el daiin g93 .V = IA goaall g (jsSid
ole dasall s ,,J..;L,seyumﬁ dsiall Gosiew Ja 12 YK byl
delond alo il celed) B galacs LS 13) Lot o ya) AN wiee le gsanall
9L Bl hind s cole JS Gle o2l @) o iy arle dadad)) 592l
0w ¥ uadalaed) G

FoLi= P i A= phgA
Fri= PJ.‘_‘,“AZ/)(/-F h)gA

FESNL QTR NENPYEES [P UDSSp Py | pPIER-E PSS | SPOU | UL PO | S
Lol 352)) (ra oS Goasall sacld Sle Le¥) aloal 352)) 228l 453 il
OSe Le¥) olail 353 dlass sz UL gyarall gslall plawll Gle Jou¥)
salal) 353 Lusa ¥

F,a_h = Fd_a_dj - FUJ_J

= pUl+ h)gA — phgA

=plgA=pVg
ol gorall pr po SLe¥) o 5n)) dlase cowls Sllusd) oda ,ulas
U gganall b e ants @ il 5l @l e i) prd) g pad s
sl (LB ora el 8ld) G3s gobaw (PVG) sulal) 353 lana Lo

galadl 349
3S Jolay Lo (gl cpand) amss o3 Ll (135 sslos Lo pasr Lo aadlgll sabal) 353
i, ¥ &3] 5L By pad) g O by pine Lo par et aie @oaza) Bl

Frprs = p V@

el 5Ll s salall 853 (o aBMall (8laxS) @ Lwies ) Toe

bsed) ol s @lall Jid oo 3Mea) Jid SO o)) (B e b o
=Mwﬁu&huﬁbpa’hﬁhpﬂoﬂ-¢uuﬂm)”“ e
s 853l) 0k o ¥ el i3 o0 tliell 0Ll 35 gobus GLe¥l ool g2
ped) B g 7lied) Bl e dand as s o )

273 a5,50l5 gsSeal) Sl b lse) @ 3 it

<70 (T G @ STy R < UOIIBINP] [[IH-MBIDON



<70 (T G @ ST R T U0IBINP] [[IH-MBIDIN

s Gosien Lo gz olS 13) Lid 83,00 (b (k3 S ) Saaday of Gosin
353 135 o) Gle 355 L3l onl) e lewsd) B AsB o) clle salaiug
salall 853 (o 3wl sas - Jaw¥) o s paand) 039 03 Le¥) ) salall
sibaii ol Gmsiiw sl oS 15) Lt pasd) o309

Lparor = 1.00X103 kg/m3) L) oo ols5 o° plast 23 s bl o 2!
3¥5all o LB 4 Js¥) psd! 4.00X1074 M3 51 400 €M3 s JS g
c2So 9o EJEI) puusd) .0.40 kg LaliS 1rgs dgee 9o L)) .3.60 kg ailiS
Los Sa5,35 Lol (3 0,0 wie panr S oot cauS 0.36 kg axlsS ol e
asally sL! o oSl Guis g 400 awm poond) ) pluzr ¥ o gz JS o
oSe 13 PRI o el LS plus¥) pen Gle L o Gle¥) g agadl)
A sl Gle salall 853 ils

For=p.LVg
= (1.00x103 kg/m3)(4.00x10~% m3)(9.8 N/kg)
=39N

e b poetd| piiee

) sl ,:aJaJl 599
8 sl md) ol sads 30
) S

SLae® gum Lo pas e 33500) goul) g iy 13 JSII)
sl ol Gosiiw puad) G5 15) Lad a3l Leaie

L pamd) gl 3l Loy lal) s gy b

L ey b B3y dag e ot Spall e il il

sz salal) 553 o ST sas 35 N 3¥ull (I ¢35 glo g et
ilasa .odla)) Gogiew U Jawd) 420 dgmie dlaso 553 dlasa
plar ¥ gren Gaasdl pand) (s o J3T Jasw¥) i dganiad) asal)
e J3 (é,ALIAJI 3601 dlass 35 L) (mais Y QS B
sgd) 5 ) (555 Loare alasll 352l

Tl L) (139 sslus 1ing 3.9 N byl s5re (135 tle JolaZe
Ul ccaing Lol oLJ) B dewall ariuy ilass 393 azg ¥ UL

CUL paladl 353 oo J3T 585 3.5 N wlodl CaSa 3 ile gadad)
sidace culod) CaSa gy Gle M dliases 3om coaSe)) Al
s pas ) L) BES (o JB1 wBlS CslS 13 peasd)

oalall G40 H—

Jolsze gals Lol

t

asldl @Yl @ 10 du~gd! 274



p = 1.00x10% kg/m?, .

V =100x10-3 m3, g = 9.8 N/kg.

pesi= = 2.70x103 kg/m3, .

V =100x1073 m3, g = 9.8 N/kg.
Fg=265N, Fur =98N, ose

derns JSA)) CaSe coslad) e sl e udmedt o Tue
cslmd) Bl cld) S8 seso (1.00Xx1073 m3)
T .2.70%103 kg/m3 a
o) le 3,350)) galal) 353 ,lune Lo .a
Sl galal) 8l of dlasdll 3520l Lo Wb
Wl Yo W
Lol S Jsede ool caSe gyl ®
das¥) gou (53801) auslod) a3y Le¥l govs salall 853 ps)) ®
el yad) aSe le 33500

Jeg>ed! polaed!
Frm =72 V =100x10-3 m3
Fu.=? P = 2.70x103 kg/m3

p. = 1.00x103 kg/m3

Jogoned) ol M
el zd) e Gle 335d) salad) 553 Cews) L@

Fon = paVg
> = (1.00x103 kg/m3)(1.00x10-3 m3)(9.8 N/kg)
=98N

) prel]) Al ey () (8 c2tf)=l)) @fiy emnsd) D
Fg=mg=p_.. . .Vg
> = (2.70%103 kg/m3(1.00x10-3 m3)(9.8 N/kg)
=265N

Fuso=Fg— For

2 =265N-98N
=167 N
el ) s W
Bsie 58 LS isdl olis¥ly 53] SAsmno ool Jo ©

L) 2BLS o Agnae ly) ccsl,md) os il lg> gulal) 353 Sduddaie dweSd) Jo ©

ST Lo eled) 286S 0.10 wisliS goe ) clawdd) oo 7o)
sl i) golll e anmy cliSo apladl e ds

L)) le zoll galay s 1.0m X 1.0 m X 0.10 m
Soaly oglall Gaug

Sl ) bl o g3 le BLe Gyl ssims g 231

Boss) Mool Al B palas S selad) Jaud salall (gs)
O3 Bs) sadal axlios cllsnl) (ra Gy e SO Lo olialls
480 N

275 25,55 osSall ¥l b golsa)) @ 3 i)

ORI TYIE U

.30 e Lo cladl o 50 18 o Sl olal) wsal) 27
Loz a0 )l (o dalnd le 5550 o2l dlasa
L) css 0.20 m3

o) -sLd) 3o Ll sy wade olo & pusm oo slid pals .28
gowszr (1o yooiel) c32d) o> Lo 610 N 55 cals

1250 N o35 alSs oo el 3wl 393 lazo Lo .29
165%1072 M3 1,81 g Selells 55500

<760 (TR T @ T (TR “€TTE UOIBINPT [|IH-MBIDIN



<70 (T G @ ST R T U0IBINP] [[IH-MBIDIN

KPR PYCR O YIPCT N[ UPIVEIN | JUCOCJEEIL Qs oA
e slB pa JUs (e i B uasil) GBSl 3¥ gl
) Ay olal) salay ol e isdas psiall B, oo
A5 s of wai palyud) ass sl ass)) cblice Jie Age
Ueedd g d,uie 3,8 A818,)) o> Ll GO ed e
Lo S Bgma ojlal) (5% Lease wolell B Lyaing aue
pidan® elod) GBES o BT a3l Juse oS wlaS)) wd
coslal) e sl eding 28LSI) S35 A gel) clislsl
UL L) &8LS oo ST 5,5 JSa Lo Lol @ola )l asls
ey Ealalad)] ainty Guawes ) Tawa e 51 Jle
Ll g s o Gosees ol e o loaladl) ans
Lo iolgill 23S Jase ,uinl las s o) ol msd) i)y
Sblie el ) Alewl) pasius g o) uosis Lalas
S il lgree o oSl Lyl Guages )i 1o 28lsa
oo a0lagl) B! geansns Ilewd) s L) b e
salall 359 3503 cld) o aused) dx)3¥ LG Ll (s
Sbled) g gadds U e Jawd) smo Clew¥) &
Liblgg))

£

P9 oo

sr0all G314 JSAI) o asle 5] Go cle) 3395 Guy)
Sppall b @lse 93 pab sl e cll paany GLe) b
el plp) JD Ge pab,sdl ot geas @ Jawd) 0
ae calisg Jaw¥) 2 ol Hls o) Jas¥ .aBed ascg
EEPRL PO YN o8 eled) LS ey Le)
a3l Jpal) 3 wihs 05w ¥ Lo Ll S5pall (b aic
e kil aysmll S8 L) U G guslea)] dadial)
e gile U oo puolaed) daiially de d) o 233)
sle vai (Jodsm [ o doly sl oIl gt
3 La)) oda asb,> dc,w el LlS (adln pld) kais o
ole Lnodas e a3lally Jiad) daas Tae) Guass o
RO

a3 Jgand) 5 obeed) e uin Lovie man 50 Jle
aneal) bl oypee oLl sLl HLo Ao 3baj) cal, 0eS
Jsundl 3Lds polo sl amid ol s Jamdl 5,20 000
i gled) e oo L2 lusl BT of 2ls) 2ST loveas
L3593 0 pad) daiis sete elel) SIS ol Gle Lalasl)
oD s Tae weliw sim o Gle L5 dgen)
s By Es e e b)) o s

eb ot poiSes

el cdal) 3 pile ds!
3 plle Jof wlisos i OlS Ja eld o s
S ) )

Ao G e o Jawe L) chlSL 14 S8
adliny led) e wln ate cld) o5 dme psle )
cawslo A sl

asldl @Yl @ 10 da~gd! 276



lis e goazdl) Lol 15 <
Co - Jos 0 Tacs Lal g coga¥)
(V] Gra S V2) slass ol de w o
o Bl ge @l Lsall jansey
APy e J31 Py) sl s

daiall Com o ,Se) o 16 JS A
oss¥) e Geall i) b Gansa)
lsall 3395 symma ) 3e3))

Oela3 17 clogl) dails

NPPS1EY

o s AlS sy o) ilsgan 33an Gl gl LLS lies Gadl Cisnl el

Lo s 31 Lol o dpgls 2155 55 0 ooy 31 gd) les sam] n 5L
Lleol) $15 200 b gl LS g i) gl el ) i ]
ole o)l e Ak sae M5 geid) glanll e aS,madl oLl &S s ole
S ,md) 83Ul sl355 L) ey 8ol la5 o cam osi¥) 3 asl) e
o Jiadl 1ia b S o) g L) e B Jid dlase Cllia 055

i Jaals oo Jsls () goledl 28 clmal Jds i) Jaa) g 23Sy
Jit) ity en¥) b ) ld) e A1 Guis gaa) Bldl b e o
Jatl 1S o asal) ole i Lo pills L1 e 835200 853l o bo,ls
o ST BT e ) o s ae) pd e il 58S of o s L)
olel el G g5 wie Laial)

ks i g3l daiinlly goll) de o oo 223 Caud o) pgd (o ast B

NEE 'A—-l

dio st ) alad) ladat)) o a0 Slia Joh e Tove lidas
2393l 3aew¥) (o) @lasdl 5 pedal s dxd o)) clals Jls sl cslals,
e ol ) psda,s ale (3 @lasdls Glad) Gle ol do) Al
S5 s ook hnto i) 2l 2 leasS dolons 3 sseie 22
daiis dalaie Liie psbo,s) e adle de s 39anll oLl tUd) Gle 35250l
L) ) os¥) e Jslond) Caoand s ¥ 353 (ansue

G dgsladly elagd) £ poi oo dasladl wlS o (2L oSl
o2 Do 98 LS plas) 40 N JOPS S IPS L F1 I e o) 5T Bls
Lol guis 58 35380) 035 3 Glsilad Gle daial) 055, .16 S b dadasl)
Joosdll i oa¥) o guandl ejod) B elag)) 3333 .an¥l B Lelus) 25Y) cjdl L
Pl elogl) 395 dnlaie b 3939)) gBas 13 J) daiis o (yeSs 2999)) ol 35w
Sl Sl pasias elagl) go dalisal) 35350) &aS LiB 5B 3 syl 33
leaS ) gliss o) Sl olS oy gled] Shlew By 2k @lelall b
caobiwd) ol @l S codaled) (e aldd

277 iS55 osSall B3l b gslsad) @ 3 )

<760 (TR T @ T (TR “€TTE UOIBINPT [|IH-MBIDIN



dogd) g Gl das 17 JS )
laa 3 B 5 k)] 3o Goazl)

.
) yaagld)
plasuiwd) i olad) ol
gt
JLdly sl cre 150 13laza ol slally b)) saivas Gan obod] Joglas Sbsd) bglas
o oSee 523 ST gaass glead gl plil o3 suas cilegas las) b . ol plasiuy) @
3 > aliss 3 ’ B4 8 3 o plux¥) Jo> laed) 3205 Jis baghas
LS gbyad) balas alis P.-L:u)‘“z“ Jo> P“Q.QJ. 3945 .elggl :!3 qjlﬁJl adlas AU Jom ool Loglasd slSlos
doglas 3o e mall 3 B3la) plus¥) liss 17 JSAII L3 poss sa e e el
il ol plall plasuy) @
ess das ol IS e Gyl hadl oLl bslas jlb) oSe plasia¥) b ST alus of alobs L0
s 13) L adlss 33ate glo ) &8lid)) Sbslill e 3ben ol dad Lola) L
by s ade Jlay 3901l Gl Jiie 33amag dedy alS ) Zaldl Laglasl S

bladdl s g o glosd) doglas cojlas 3003 g o slis 13) a) las¥
Gl 13) cgmasis daiin (Il ST de ) Glyad) doglasid &, lase)
Gk ¥ e daine ool L) 355 ob Jlis i aies asliss glnd! ashas
Bl Goaad) gl Gle s Tae

darlpo 3 !

<=0 (T §mrT @ T R <€ uo1eanpy ||IH-MBIDON

oelal) o dalazy i) 5)lis 2g5 4BESHg gatadl .35 o) it le Doyl Silye JS (gs1o0 A ) 55000 .32

IS Lo slod) B Hote Loz e 05S oo salas 13Le -eledl ro pansd] Guad qusse 354 ML (Sl oo
Sopelad! o seslly Umais ) Baesl) G MY (5% o oS
alys desh o 23X100 N o5 5w Bedly Jadidd) .36 Bores Bl agal) (a Blice Bore o elh Soalas
015 m2 Lo e S5 yiea b‘g_]a_m’ AW u—n‘ Sl e 2 \agal) e Bdies

SaSdg )l Bl L3 dasall Jlaze L .a Jalad) psmy Csms pons dall) £9,ball 3l Ju-n-'l Ja .33
e gl ala s gl 55)9_];“,3‘.’3 ial) gy b 83h) le Jom Lo viubollas Dlglal ques,

Easlo 235 M) sl B clsgl) Laiin
553 aulsny Jalal a8 13) olowad) B vl
wiliva GuSe Gle 150 N jlaze Guend! oo

o o3l eall Jlazs L .0.0082 M2 Lzl lgda
S5 kead) g8,) & il Blglaw¥) (Lo o,ls o

Sups> b Legainy s cL) o ST &S i Loge .37 L) 52l laze L .25X1073 m2
10 kg «:lzS (s 5f psadd¥) o 1.0 kG wilis CJls .2 o2 40X107 4 M2 Lo jlaze iolued lazidl)
wola I oo l Fy=10N @b sl

sala)l e (3 5110 CM3 i asad¥l o Jb Wb OF poekad) sl s elagd) gb,mi .34
10 M3 aem o ponkea)) BLS and 3 ooyl salall 553
Bl Usie ole o3 slac) o Lonie 0B yusaad) 38 18 S 13 Kkg/m3 s Jlsy)l aslis, 018 kg/m?
T o 08 S 1 Q) Ul e oty alams Lo B 3 poelgl) Gally ad] glise () ) laza Led
s Juls) alee 5Sa g3l Lo S5,als)) oda s e 918 JSill b rdsall pala )

Sl G Aladl o L gl
skl @Yl @ 10 du~gd! 278



slady ol BU9s o2 e 15300 0S5 o 13) ‘L,‘ adl
o S B LA L) B ands Gl g5y s
sie oF 1ia slaill ¢ls Lo aelu olodl ‘5I ’L#
sl e ) cUadl sugy uducd) oy
OLS 13 Lot Juas 3ke Lo 31 @oad) (00 *
i (o rsSe el lailly §)eadl re US
aaldd!

(AR RN AR RN AN RN NN N

£

adal) fl...u:,'l“

s ) S ald alall slaed) Salludly adadl ssld) o C2MsY) o Lo
¥y 30an ALl slgell alall slged) gas cliSe LelSa le daslady eyl L)
Cosdg M5 o Claia) e oyt cled) claals ety 13) plSa Lo dables
Oty Cood N3] A ggn ablid)y Adal) Sladd) o ) S0 cAgas By,
Lo ss 0oSs ablud) ) adad) Ad) o Jomdlloe Lagad gl 50 (o 550,12
) G et ceriad) o 5K leal] G e By UM @l

Sloannll &S o) GBUA) dasgto ol L) 8,0, a2 s panses Loaie
ST b L e clulanl) (83 ol nlamand) 3> Lol Losie gaBlin
ol e JS4 Gle suenie Silerwad) mead adal) slgdd) o wpaall dndby.
clulead) 93 of oo pis le 19 SN 3 doingel) dyeld) A8 I e
JolS JSy 25,501 e cidsn ¥ ooland) oia ol LolSe B Slond) Cubs
[PIES BN ORI PR CN LIPS (PO PERSEI R P L NIPIES (N SN WIPN I [N
Galanie dy sl At Ll g ) slged) BB G)sls Une JS55 ¥ il ol
aeld) e ddad) slaed) ews laasa g2y JSE Lo
Lans o o,len Lolecws gl o ) blad) Jooo e sl Jaiad!
o)) e a8LS 2ST adal) slgod) e Lear dbila oS5 Lesie aie LAST JSiu
A4°C iz wue 23LS ST S o aslinn) Als as el gl Jls US Sle
a3ly (ol plaael dewdl .o, T Aol saceld o sl Luie LA Lol
sems ae snems bl ¥y aemtl) Ay o g Bld) phaw le daiad)
Liall gls elidy seral pslisg Slaad) )l o 30 daiaall 3305
s Ay ay elod) demd Ay (e gaisy le¥)

alall WD) ) ablad) Aol oo uins eldl 550, dmys panss Lase 19 JS501
el aSead) Lew Ung aKad aems cilecsd) oo

279 alall plux¥l @ 4 guudd)

Bl ssle adal) plua¥) saes

s ) AL

aicn ol pusdl pailas 28)e Loe
SainS,3)

eS8y lal) pluan ¥ s I3l
95,0 ,5) x5 ,usn Levie

98, s saeall deal Jle o

O yool) das) e

= cohesive force clule) 359

Lgnny g0 daledl )3 G il 553

sasd)

NV ESEN w9y

crystal lattice Lyely 4SS

yeld) sk ddal) Slged)
amorphous solid

Holad) saea) Jales

coefficient of linear expansion

!.;.;.J’ | saed) Jolas

coefficient of volume expansion

<79 (TR M @ STy PR €T UOIBINP] [|IH-MBIDIN



189Np3 [IIH-MBIDIN

i e Gl eled) wemd s B alasa) ol Jsms dein s Glia cols
uesliad) g lal w3y ax Y30y sl G oL) e dB2; il Alsy gliil 735
Ayl @3lal) e aSs Lo sy anlals A Y30 50k o GSinY) o) atyasd)
Sl who et 1ia o) oLl (o aa3; A (S 255 aelad) s )
oams aleal) Guits s aided) o Gy 28T Ll ania g, aelodl culecias 315,
el e pda Joks

0Seed) o cball puusd) Gle amols Jelse Gk didall slged) D90
Sla¥l alSs ) clall pasd) s3ge £01S5) o) casis o) cosa o) cassls o

o Sl Caas 13) alial) sald) gy e e lsd) Jalsal) L85 Jaj aie
cig o) sgas jalai @ aB w¥ LLa¥) alSs L) cdad) pasd] sea ol wgdal)
Lploar o b i) 530! Gle aaisis 53Ld) qams g ,) deals caliss
L) 25 a9 S 3 sle ol gals e dle ol @ k)l ALl

ol Crng wlo and, wliaS alSis puy bdaws coadd] Jas oSedl o ¥
o dndy dages ) a5 @555 comaal) S8 100 o) sy 3, dal) bl
¥

idlal) dgel 5, d) dagd)

aetl) Juolie e bywin olymd paesd ormsiigell 2wl 33l g
cre bl saatll el W plewl) byl clad) gl Gaphall jyun B
Jels Jlanes alus¥) saes 20 S 20 saetll Jualin ad ,glas . guet) 550,
O etiew dae a8 o) 0Seed) cre uial) Slamed) cUs oSy Lo on Loaie
0Seell 5o 3 ball Slpmill ain anlsn o 3] 3o 100 dsls gy jur B
o® trhal) poadd) gl )l o slyl s e el S ol ) i
il az s JOY (o en) decas: B eased) olaal) (B pasaly ol 0Y)
deeadly sl i) (o degimn) desiall GsSundt) bl yo gl saetl) o
ol sl g_..,LJ JSi Jemaad

o degemeS clall pusd) s &)l ddal) slaed) sas ddee pyal
o Leaie Olerwadl o 3lad) 558 Jid Uaslgn dlatd) Olecwsl
L e Loslas] Gle Joss Gadlsid) ol S U5 Lpinas (o loans))
Ge s 3igis lerand) 25,501 23N sla ccdal) paand) 3,5 gas,s Losie
EENLIL PRNCADVIHES | JUIININIE STl JPTE S PRV PO P T NF SREL R L e
o ekl dausta ol 3 el dx s gls) pe S U5k Sleund) 55 Losie
i TN | PO IIOF N TSN DO |

Lovie pings saet)l Junlao 20 JSIJI
arally 3agasl ClSully e i

iy )

L2 sned)) Jolie arg o of gl

s a5 U 1S D3lo cu dal) sia
Slaeal) Jund



by B3le Jobs b aiall 21 Jsu
Ay O eiilly GLa¥) Jsbal) oo
5, =]

281 aila) slus¥) o 4 puudd!

oo sa LS &)l dx s 8 e cewliny i) pusd) (B Jodal) s )
Dlaze a5l dx s 3ok caaal) Jaze Clad) pasdl o Gsw 21 JS&I) o
lidy paasd] Jsbs go cmliss (agl saaally 10°C lazes slass Lowse are 251 20°C

i) Gais TM Jolay Conin® 3068 Ciain saeh g 2 M Jodos lend o) oon

plasiuls asle) 08w To 550> d s cdall puasd) (L) Jsla 550,200 255 2
Aol saal) Jolso v g Ti 5, > ax,s o8 dsbl 5o Ly G aJld) a3
Ly=Li+ali(T, —T)
O Jalael) el slad) J> lSe ool plasial,
L2—L1=aL1(T2— T1)
AL = a LiAT

gledad) suedl Jolaso
RSP e | gj_a‘y; dobal) Gle Laguna Jolal) (3 iall galaw bl saeidl Jalss
oy )
o= AL
L/AT

slae eanadl saet)) Jolae (eC—1,i1/°C) SHoball suatl) Joles samg
saed) Jolso 35l ) dzys B sl L_,L@‘gn pr) le Liguie pas) B izl
el sl Joles Jliol 36 dale 0% (B) ol

o) 3eidl Jolao

aolmdl az s 8 it b GLa¥) peed) i als le Ligilng pas) 3 uit)) gslo

g=_AV
VIAT
bl o) suell Gloles 2 Jguand) o5 1/°C CCTY Ll 5 3 5y
dalisng slged Gemnlly

p
20°C &, dx o ol ) sued) Jolas 2 Jgaadd!
“dald) 3 ged!
6.9%10> 2.3x107° P*u_l'yl
2.7x1075 9%x1076 (pel)) ¢ls3))
vaasall) gl
9x10-6 3x10°6 (epall Jsad
3.6x107° 1.2x107° JERT |
5.1x10-5 1.7x10-5 el
S gt
1.2x1073 Usslzea]
95x10~4 daslad)
2.1x10~4 LLJ)

<=0 (T2 ST @ Ty (TR €T Uo11eINpPT ||IH-MBIDON



<79 (TR M @ STy o T UoleaNpy [|IH-MBIDIN

(21°C) 2,401 51, a2y 2 160 M Jslay o510 3le Hadad) 3ugd)
Aol o aid anwang 84°C 5)),> dx ) wisety 0,8 O i)l plad) g
Slal) 1ig) Jsladl saetl) Jales slaze Lo 17 MM laze o) o2

Wilaed) s W
21°C o 2251 84°C woe 1.7 MM lazes Jobo¥) ocnall daidass g cLish o3 ©
—_— | —— -l (AL Joladt b ialls (Ly) conall 91_4,5:1 dolall sa> ®
Jdeg>o potlao
a=7? Ly =160m
AL =17x103m
T; = 21°C
T, = 84°C
Jegaed Gl W
Jsbll iy Jsdad) G ro @3Ma)) plasanly Jsladl saetl) (oloo s
-Gy red) 8,1l A g
AL
A=TLAT
1.7x1073 m

_ -3 _ _ . _ o~ _ o . w _
AL =17%10"° m, Ly = 160 m, AT = (T, T) =84°C 21°C yoss > = (160 mM)X84°C — 21°C)
= 1.7x1075°C!
Ll pwas W

PCTT eSS las ) e, h wn] S Cldsgd] Ja o
sl @sB52d) ) o co,d Jolsedl pr SGally ylakied) gan o o

cobe @8,500 8,5, ax s 9 400 ML wiew zle3)) e els .41 52 2 3.66 M Jslos Jsio) poual¥) o paols clus .39
i) cLd) Doy Lence 4.4°C 5,0, amys o5k cloy d8lsl o8 sl s oS —28°Cuas 80,1 a3k g
Sl oo &Sl (L) 2S L .30.0°C €22 < 1 o po

9955 G gl (e 45,725 L O dless g @l 42
Zose ) Lpdses Zaslidl Jungiuw .28.0°C &) >l axys
—12.0°C Led 3)),0) a3 5 0sS5 s
SasLia)) Josiw gdsslnd) oo 1,1 oS 2@
Sl Juas 13k b

i, e 3¥eal) e gob coad 0.85 CM La,dad asas .43
e &) pseed¥) e gl o amiall coaeds 30.0°C 5,0,
Leaas 5 pio Loe 3ladly zoll o d3laed) jlaze Lo . bzl

€0.0°C &,),> > ,ul 22 s
dn o) s o) iedoll Ay oae £3¥50 5,aue (o .44
oo Wasill agl) w: Lo .30.00“(.2 s;l,_»_ EESSN -m«s-u 3,0, dx,ys aie 115 €M (ol 3¥52)) (o aalad .40
1—30.0°C 5,1 ,> a>,> auc Lgel,d 1221°C e lguns) ar s (po a3 dm ) 53w 22°C

Yoall ol sueal) Joles Tglsbs o @S
1.2x10°5(°C "

skl @Yl @ 10 dusod! 282



(S S

.\#bﬂ L”_.;ﬂ

e ol Coend saeny LS 851 am s abajh saen 100 M Webs ond s ) gliss
_—HEWMIQQQi%)wv&gwlf&@ulOOmu}b
5% ol e 65 Ll (B Lpinny Al poned¥) o 5 Tls wasd) e nd

ogia JS Jsbo

@olom) saenh) allie jlae¥) gra ppwnigel) il o)) saenl) cilinas
(S5 o i) ol ol satl] Jolia e @al,d aa) oLl JSha gsenmy Lonie
2 aews¥) Tloll s aland) cilamill o) ypandly At ] Adiewd) g dall B
T unlal) e ¥ saes Loare sbt¥) o Lpaie le L aelis dam )Y
o) ilales B poge g LS cdalisie clsun saen dnlised) slad) ]!
e s el S¥ane 8 Ll swaigd) as 2 Jaaad! 3 ssxsal)
S 4 Ay g e 0s% Ol e Bl ) ) gl pasans Lo Gles aeksd)
IRl Sl s B a0 BSeel) e s olll saet) Jalis s a3l
2065 o) e glew¥) mdan) doasviid) gdisd) slge L8 cdglice 3 5ua09
Olew¥) Lis a5 Guay galamy

o Oprige)) slatal e aaiie caliolas sl ale s CaMasY
o2 pasiadly slall S day,a) e sagae Al slod s Y] oia
bl dalis ) el slal) e Gedan, oo 0pSn slal) 5L dag, i) sliga )]
o] die cwas) e 55y Gl dash, ) sl oeSs Esle e dnil) 4l
moled) el pms Glal) LS s mi Losie asasd) e ST Gulsad) saen
i el 2y el LS a2 ol Sy spamd) 5 e sl
aigss uSladd) oloa¥l sy @l lal) Als day, 2l 3, 03] bl Gulowlls
) T Il G Guloall sSs Alls)

ool alaily iy oromg el 518 dng, i) sy < L5iel) liaga i) b
Sliwgo,etl) Slslae) o J31 28,400 s Lowie -i8,40) 5,5 Loare b ,aSl
G gliad) g ibeS peled)) Jond GBS Sy iy Slall 5l dag, ) ol
Losie 591 aloa¥ly slall 5L dap, ) sy (&840 5,5 Leaie Sl Jady
o 25,5 5500 Gl cliwga i) clslae] ) &8, 8,0, dxs Juas
Sl e

<l lazld)
e JSd a5, 4 pdais o
9 lal) L',.|L.3

aalell iy, oS Abludly ddad) 3lggd! .49 poecal¥) o ol S5 ol Gl par B aws liasan (45
) polin as L S Babe Ll Lo alall e bl 5% o a3 ) G oslb] L
G abl b s s gedlas) oda ol caS 7,a) dazs ol clde i o )b gsid pod Lils
s3ld) Sle U3 gulaw ¥y adad) a3bd) ol Slals) Le),e a5 pSoe JSio Lwlio L)
Lalsll) .

Zaed ge (MisY) avy Lo ddadl slged) gledl .46

- < . A‘ EY 5 . - -

P Aasasd) dals)) WBLY) sal) 50 el g 3l pedd) B3l e e gias

L ep> plam cons culS 23 S ad) e dalad s o LaS Ja gl sod! soed) 47
da o JSad) e oadall anlsd) coses 13) Seaaanll Lgls il s ulsad)

| Clls) s el ol ST agsal) oS
y ol o5 domall ererl) Gz, das 2 Jgamdl bagy U daled) ¥l .48
Sablly alall slgd) oo

23 gsi

283 ilall plux¥l @ 4 guudld)

<79 (TR T @ STy R €T UOIBINP] [|IH-MBIDIN



035,85 le 5k il sl s 1 JSE) '
sy ) elsgl) (some ol bases Lajsma Jo>

ISt Ly sl 3)5a)) 3,50 o) L) 2 JSE)

EHEy oLyl e S

soawall § 1 gL 3 L pisge pughlS Basaal ol ,l...u el ls d:‘... u,..:u
oedd . GJ" 599 ;”*.“ o 5,5." ‘3 A;a "!Jl 3.}*‘.‘-’” Q’ﬁ.“ l—ullgj

ple 8,0 JoY usiile Bliwgs Loty olb Gugiils 859 °JS'” é .. L

I i r uug...:l.o 598 ab'g g uaL.a)Jls uﬁé.“ R R R PP [EPERE N Y u’ dg u|5 1852

‘yn 1L L.A.:‘f..\.nJ‘o_,SJLsuu.ou.cd-o-u

nLu‘ a‘,s."‘_]g:- 9‘”.” FCXEY) aBlMéwaﬁJ'wﬁuY‘ ul.Ll U!Z‘J&u.ﬂ@
G0 el 28]l S e 8, S g gedl) 20l s b gl 4:......53 L,s,s
GJS."LHPYl HH-'ULQQ.\J‘ 559 )'AJA ;’3.6]‘ dﬁ..\.J QuSLI.U ol&‘g‘@ _)5.”
ubg;l.a;Ja.u 45,:;....“ oJS.” GJ.HHJ, A.QJ-' d’ aﬁ]‘umaég.n.” olda uﬂy fd.n ——a
[Er-LEy) a,...S d.eJ.uu 45,:;.1. a)S.”u.aJ..Sl LA)Lm.au...u:A.a.uL» L59"J uS 25 «JHJ....S
a8 Gls wed,ls UYB I:...alg ngl..;-u'a.um‘l.b‘)l.m.n ml‘aéa‘)s." 3bls aey ubgA.”
LA)LAMU.GG)S.”‘,AMUJ‘ |A.:..\5-|d.:m u@&YA_tb.n Sagaad! BMUJ.QA_QJAJ
(gl le Lpaga oL

>

’/“\.

059‘9”3 J,....n..ﬂ aolBgial) BMes) AnS é Lol
ke <l )AIQ Sy elav) Lperoas @ 5 5Uad) ual,ﬁ'lb
Lgolasuas) day s o> (e oLy

askedl w¥l> @ 10 3a~gd) 284




G daa S ) (seadlg Lo daled @ﬁ:ﬁﬂ -s“-\:-j? 3 ‘JJ“,SL"

4 4 > .
&s'g.qJ' s lbas 1 ]!
@l3lilly Blad) Gentiy same S5 L Gudy ol gbleal!

Lols Aap M5 Sl
Lop LaLs 3ame S84 L) Guds ool asild) Lyallo 8500 o) @
S a, e ax g paedly dadal) o A e @G b)) gesle)l e

PVi_ PV,

T,
S ¥ g0 saceg 5, ]l dx sy paadly asad) o 280 Sy JEG)) L) geold e
e Sbaly il @by i) e 0eSB Al Al dged Al o L) e

Sloedd) S35 g9ad) 2 puid)

682 Basd Leo Baslall aald) Olerws o clulead] 553 Gass .
il slyodl il e o) g lls Sa))

&Mlpsﬂ|@g.mbm,@41'w_‘_ Bl gl o 5 gobadl gl @
clecwdlS Lgnsy 350 Jg_u_mum i) o

oYl e 3 553 oF 385 Csol LB Jilad) glis,) wie Caass dyadd) dcalsd) e
hlad) lemiz e clalad) 563 oo 502) slad)s

Glerar Jo> ol a3 NSaa CsilSas gomdl DN b oLl Sl 3,0 Lonie psnil] 555 @
Ll

iS00y aS)) ¥l sie adlaed) 3 pdll

Llis ool gonl) Gle warst adlall alus¥ly 2805 um)) weladl o)

IR P ¥ L]

Ged ol say alw oS vl gedan 1y ) sl of Gle JISwb Tae ga
L) )

sz a5 s BL! Gis gslus salall 353 ol vt ) Tae) ks ®

sy o135 Lee Jay gld) i ol Gle gan (e Jas @

idad) plus¥ 4 pusl)

2up M 5,520

Lo Lpod aysldl e asle) Lo cmlorannd) (o platie daws Lopod yeld) alad) ssld) @
cacad) gey Gle aaass saaally @udal) ALG o) Glocusd) o plaiie e

Losie U8 im wlean 25,500 B30T ol clal) pusd) 350> dm s it Loaie ®
Lo lesul palany 3, ad) A Bl cdal) pusd) saen (Olarwsd) el an

caalised) aela) geeamd aie sledd) 30w Jolae Slie¥) Ga i35 of o @

35l saen L dole adald) slgod!

285 i.l,ul s @ 10 Gas g

Sl gad)

Sladl @

ialle

JBub e

wlylal fLi-" Gealall e
Sl 5L yeild e
g)!,:dl ol e
Loyddl e

<l pad)
Slowled! ‘533 °
é..am, 5,3 °

<l pad)
JSl Toae @
galal) 599 @
ERROPES | RO
e fae o

Ol boghas o

s yal)

dyeld) AS i) e
ol i ddo 3lo @
ng.laJl soed) Jolao @
L!..q.a.Ji saed) Jolzo @

McGraw-Hill Education e wlal ilsyasme © cadlilly gidall gya>



<79 (TR M @ STy o T UoleaNpy [|IH-MBIDIN

e kel by i) pead A 3lAd) Cbg mdigd) 58
o) Bl 8 olied) (CO2) e, S ST b
die 05,8 aeaS) B 5L ge 8O L s> a3l
300.0 K a,),> a>,39 geod! dasall Joley daiis
adeell 2l .2 L lgraw (5gn) ajle anle; b wlis
44g/mol s COz _J a5

axles (3 ssmsel) 0e, S araST B B ¥l sae o518
(1L =0.001m3) 2 L lgzaw

a3l olie dxlas B e, st B aliS Loub
: §2 L Lyisww

S e dnl 2eeS sy 0.015 M2 wislue (uiSa .59
5L G3an¥) dasadl o) 10.23 M3 Less @lglad b
le 150 kg wiliS puss ang e 1.5X10% Pa golu

1o Lainge 1isme Juwd) 450 GueSdl &os GuSd)
a3l amyy ld wie 0 25 USG5 nge ga LS
Lalgla ¥ B 5L sl paed] laze Lo

pxd) =023 m3
oSl d>Luwe = 0.015 m2
/'_'__ e

25 g

daiin wie pasiiid Fass 8l lb) peny @I ked) .60
asly Jboy) i e dmss U Jbs; 30 i) 30.0 psi sles
Laio pllhias o) £6.90X103 Pa sl is e duos JS
ols JiSay el baiall e ole¥) Lazall ia ilae
) 5o ¥ b Glaall Lasal)

1.01x10° Pa + (30.0 psi)(6.90x103 Pa/psi) = 3.08 x10°
535 SUs¥) 850l s 31355 3,lell @, Loaie Pa.
Ehled) @lyls) M ebl 28l Lyl dasadly peed)
385 -280 K 5,0,> a5 we 0.55 M3 ol oyl
L3l 3,0, dx s sls5 oSdy 30.0 psi slany) dasall
058 M? 1) ,Ls¥) pas sl 310 K 1) aslal)
GUa¥) o wazdl bzl jlaze L .2
Swasd) pleddl inll L .b

0 504!

sed) Uadlas 1l
ot Lagd ) las)

S55a)) ye dasadl calisy caS .51

Bl sy GMEF) auSms Zpslo 3 5L gms p 52
Bl 5L (e JSs s paad) L (g,5) Bl 5B
Slalisn (oS Laas lome

Log SLo3d) o 5Ll Lpd wli L3)) pasbasd) L .53
Slogin CMasY) asgl

suedd) Loyl caliss caSila3dl cre puedd) 5555 .54
Sua ¥ e a3smad) s e

Blaad) o yL3)

sluls 0.85 kg ailiS cL5ud LS duww ydeo =S .55
.alala)) le 24.0 cm x 20.0 cm
Salsliad) le CLS Lyaday 3 352l Lo 2@
Salgllal) le QST an i) dasad) Lo .b

125 Baelos 2331 YL O, aduad| dego 56
C o SY ) ¥ e sl
0.35 M? wisluo phaw ole daics 20 N LA
0.65 M? sl phaw le daizs 20 N.B
0.05 M? wirlus ghaws le dasns 50 N.C
0.35 M? wi>luws ghaws Le daicns 50 N.D
0.55 M? wisluo phaws le dains 60 N.E

Faagoyid) GoSn 24 JSAJ) b pisge 9 LS .57
Oty GueSe Gle gsios Blshul o il ool
BeSy dasall o JS g Dlglaw¥) (s &5
5l dm s slap Leaieg ounl Dlekaw®) Jsls 5L
G Ja®) I ST Le¥) ) Sl oy s
T Sl glis,l o5 .0°C a,l,> A, aicy ilslan¥l
5, ) dx s Loase aelss)) (sSew 5 20 €M
?100°C

wosill @ 10 Gasgdl 286



Jas] bl Jolole bagee 5Las) opal Latun

5 (p=0.81g/cm® Ll 5o 25 CM Lo g2y
OMlad) @ 35 ) dasal) Jlaze Lo bl oe 6.5cm
Llas ¥ Cgal gls Lo

s azls &30 ey Cased! Jlowo o9

o Losie BTN ) badd) oty 3las same B

Al g elad) G2 S5 ol B Jled)) Geles

LIL ot oz Loaie TLI9 N

b)) g aml.@

i) o legins sla)) Jio Ja.b
il Gladl ssadd¥) 5l (p = 19.3x10° kg/cm?)
s(p = 2.7x10% kg/cm?)

solon Clow s> gy Edl dals o250 [

95 N (led) a6l calSs gl Gle cledl anas

aole 13] 8 N (3ss mss) L) o a3Ls) 5.2
Soylsmad) 3e),3 Lo« gl Jawl L) Lansd)

i elel) 2§ a5 aged) e el Lol D
iSew caen) 195 N ) 6,50 8,0 olued! in
3929 1o Oleed) 31,2 Lo 2N G0 aesd) )
Sumandl o aSel)

27 JS&) 5 e s LS Sllanswgd| ple .72

laondl ple Cagoy pea) pasuins 5,mS Dol
o nasd) e g gsisJa_dl O3> e degiaag
0.33 M oyhad camsy 2.1 M sl glasy)

o= cd) Cilgsly dslglall adles¥) aliS)) 4ls
) 9S8 Gy dlplal) galas of sy 1120 kg
ohe AL JLus¥) Sz pead) Ll g9b Lsbles
Lo Jlais Lo gobustlls e oo a8lsdal) aliS ol o2
Soalad Loie sLod) las 353 &blolal) o gl

287 suill @ 10 dasod)

.69

.70

71

ALl Do) o goil 2 s

pealael) (Las)

) B e daemid) o)) G o) 61
35 elsall 85 ax s ple s dusy i) Al L
S5 umdll

0955 Goaied) Lpeasiw 3l sl wlladls o) a3ed) .62
ool S o b 15) aled e elSL alaie
U3 e Ll cled) s g alaalod) Glads i)

SeSd! ¥l ‘_,JASL,;.J.'J' 3
L)

pualagd) las)
e 26 USAJ) o jlsn) Cb¥) ¢ ,ss 15k .63
SBLad) oadsy i) dniall

26 g

olel b biall Gasy il JISul facd ol .64
Saw®) 3 dasall sl 3] elegl)

G ie Ay gee Lle cld) dais o o,6.65
Cod gead) Guad wie slod) dados ga b uiall A5, plaw
98 o haws

850,00 Jsls b g le oaves i lae Goboy Ja .66
S0a,¥) o> Jlae B aslad duaw B

caagal) e dmasl pgla s 5 Sle Ls g 167
Sadaind Giasy 13ke cled) 3305 555 Lease

Slwd! > glas)

A7 m o Gals oLl gee olS 13) olegd) @bl 35~ .68
Sa bl palaed) B cled) daiis Slane Lo
) sacly La
) g 50 4.0 M gee e Wb

<60 (TR T @ e (TR €T UOKBINP] [|IH-MEIDIN



<70 (T §mrT @ T (TR ¥ UoBINP [|IH-MEBIDIN

aelaiyly 2000 M o,y Joldl coles 53¥53 o);= .85
ea)) 13).10.0°C 50,5 ax s aie Eligs gun .5.000 m
(20L) st aeS Jlaza Lo 40.0°C ] 5,02 a>,»
Jdelaedly 050l e MUS o) Lle (ol s 30anw )
o) aetw

13 .580°C J) 11°C 5 pseed¥) (10 3,5 Gusonss o3 .86
e o8 833l Ld 1°C wee 178 cm? 52 5,30 o olS
9580°C 3,1, d>,> aie 3,3

12°C (o Lpsonss an 256 cm? Lulow 3,5 o 1lo .87
$2°C 5,0 x> aie gulod) 5,5 oo Lo .984°C )

lealn Jobs JSa) da e avasd) (po douiws .88
95°C )1 0°C a>,ud) oo oy5eess .0.3300 m
Calor e Tday i) Jodall 3 Lusal) lass Lo .a
) ) PR N

Sasial) asbus le 1,y G izl Hlaze Leub

5,0 > x>,y aie 0.350 m3 Ao ﬁg__;_‘._o.]‘Y’ e S, .89
.270.0 K a,l,> a>,a) onsys @ 350.0 K

§270.0 K ax ) vie aem> L@
§270.0 K 2>, sic asler o>l Jobs peaw oS.b

15> SolSd) s poms dsluad! Jlowe (9 .90
o bl ses s ol e JSa)) Jebaias LSoSa
o Geieldatie Guaalady 3¥sall e Cuiddaiie Guaalad
Glss dns o ankaal) 0355 293 K 6,0, ax s sie pondd¥)
.28 JSad) s LS 170 K e dagiie dabaall poas oS5
Spsal¥) o Loy 3952)) (o Lasima olS glazl) L:;‘l

T2

2 '

|
1': T=293K (& ‘
|

et lood ) Grdas

28 ysiu |

asda S5, ;_.}LJQ._.M gj'}h‘_lj_&uhég.u_:a 91
sl Lo 1550 greal s 0095 @ sl Lo .SY)
o al J2 ol ol &slial) Gle dnial) da ia¥) amdas
P

Yeolh

kg/mes? Lalsy Jswld) of el .92

26.0 N Lgsjs 5,5 e 3,55 gakal) 553 jlana Lo .73
Sada) ol B galas

15 sl B ao9eie 35mal g alla)) o)l Hlaze L. 74
Loy slsgl) B 45 N 3 5cal) o35 olS
§2.1x1073 m3

e 1.00 m3 Sater esles 0ol 0Ser 03s ‘uﬂsi L .75
clogl) GBS o a,58) Selagd) B andn of paelyl)
aliS Joal .0.177 kg/m3 as.lg)l 2815, 1.20 kg/m?
sl

Lot wuey elggl) 54 N 45 8,5us calS 13).76
ralal) Lpsss olS elel) 23LS Glie wdlsS JBle B
%L & Lo i auc é;—bUés-” L33 slaze Lo 46 N

idal) plus¥) 4 gl
pualigd) las)

ayeld) adal) ssld) lows 55 calisy 2.8 .77
i ,old) e adal) asld) e

oold susy Gle stall suaall Jolao auin Ja 78
elila) ot Sasasiddl Jolall

JSL..A.QJ‘ d" le

ar s wie 0975 M Wobs polas i 18 (o ol 79
23°C 5,0, dr,s aie 0.972 M aybg 45°C &,),>
Sdslall osas Jolao )

Jobs pasiedl da i (o Sioge,d g5 ey -80
3, o) Ay ey 273 K 5,0, ax s we 0.500 m
goasall 351 15) psaed¥) day, i Jsbs (uld @b oe
Lol @5 10 K o)lane a5l o) dxys (B i gt
oy, ad) Jobo (yeSiwn

P 300 M wyls glo 53¥s0 jux ‘,,..u,..ﬂ .81
Jsbo) 95w 65 30°C 5, axsu pubaanil b oo
Sl gt 2 —10°C Leud al,od) a> s alls &lee

Lol 3 winl) jlaze L 200 M Llsls ulos ol .82
9978°C J) 23°C (e 3,0 ,50) ax 53 28, o 13)

pr 3 el lane L 10 Maias uend 2 .83
945°C lases @,),> ax s caw,) 13) e

o> 1iolino Houmndl g5l pasiiin Lo WLz .84
Jolie pros wie ad 505 ) cadd) g cre S|
ol gzl i) o anisy L ledd) 3, o))
oyl 5l 12230 €M o ka? b Jony ald clid)
Slesadd) 3,0 o) oz 350> a5 ¥ 12250 cm
§20.0°C 5,),> > ,m caaid) cwlid

wssill @ 10 Gasgdl 288



opislate Goso! o0 bl e mgluie LS s .98

Cso¥ly ool gl o gaaas A Lgs¥l ol ¥)
a3 33k el palad! gles)l e gsias B
EIPERY - U (U JCL Y| PP SO S J |
) ) el s A gnd)

) e ol w0 M) o el 65 .99

U3 on oS o Gelsad) g clld 55w ¥ 5SJs

dole das) e

Boe die dwolgé pax Gle Liall jlane b
865 m

ae ol o8 T ‘.ﬁ.'\_ll wolsi)) pudadd) Lo b,
elsa)) e lelas 4.2X1070 M3 3l 5.0 M gee
L) o ) Ldgmy 3 lsal cilelad poma Lo

$sbke
e sbealy anly allae a5l dweSas idlue
sl oo lape 2] Alslad) Lgcd 5% cals))
T, = (61.2 kPa)(28.0 LX273 K)
(77.0 kPa)25.0 L)

Pt o by, salay Al 8,5a))

Jossl ol dz)s g s Lease 3550 o sles B
S8 b lhae 53 ol GLel podd¥) pales

o) e eSS B sl e 100.0mML sy

8,0, a3 aie 800.0ML wew (goled) ) pelid)
o Lonie yaasiy ol cledl goiae 228w oS .15.0°C
§50.0°C a>,a) sldly gl s

B3] aSdg ane dadl) pasus S bed ! Dlwo
eSSl s lds] 3 alels e 23 )l
353 b (oyed 6.3 MM Laa)) uSd) s LI .22 mm

3.0x10% N 4Lk 3 ilels

Sl Gle Jis ol o o3 852l Hlane Le.a
Solbl 3 ga) Leaall

Juln) aadl; pasiis olladd) g8ly, plass.b
dsb olS 13) sl GuSoll Lol ) 352])
Julas) agall £1,5 Jobs Lo 3.0 CM zosladll ¢l,3
$100.0 N _J) 552!

o3 Lad) lagl) slaie saim dladied) gS,
saen wld L) gl biace L)) e ol g Sle
pie U Ay degraal) Algd) e 5L Laey s

elagd) 5% of s 130 slase) B La)) alsS Jlas
mégwuuw)mw&uwwhmnyg
a5 aed o AS] o) pda e 2400 M g
ol phaw e 3 M

289 .ol @ 10 ool

.100

101

.102

103

.104

.105

106

Lls oliblie glimw gosss Jo  adbdd! (o
osds Ja dsls i OIS Eale 5,5 ¥y dsjls Lealas)
d Sz slall o 3 e o) S gesd oLJ) B aald)
RECHEY

@gg@u&mm'sﬁ’mehs&ub
ob Lile 10 €M wiecy 36500 coles cleg gl2 o0 il
Ll GBS e 3,0 1355 lanes .S 33l aslis

asia¥ly Jssl¥ls cLdly 3a3)) O Slrhad s,

P s 98 LS cpulal gre plaw e

S sl Lo U5 [l Bl g 35)) oo .29 JSi)
i Shsloadl s 3 cluletd) 553 Joo amiiiud of

a4l >l &.:_-,; ae bl o 5)_..;\ JSin JeSI e
G i o) cliSe )ile adas ol sia s e lgum
Tl WS (8 Slornnd) patlas

e LaLES L) oo ol55 B plasl dues clan,
G gail)

d. 115 g/cm?

e. 1.25 g/cm?

a. 85 g/cm?
b. 0.95 g/cm?
c. 1.05 g/cm?
olse cow 30 S i) yls, 100 g/cmd L) asks
eolsel) o Lrnge dawesl alus ¥l 0yl sl Ly alesws
eolsed) g slas) b, i e Laz)

30 gl

.93

.94

.95

.96

.97

<79 (TR T @ STy R €T UOIBINP] [|IH-MBIDIN



<70 (T §mrT @ T (TR ¥ UoBINP [|IH-MEBIDIN

el jad) S8 absy)

oo Lanu,s e Leaie saen adal) slged) (aas 111
5 4°C o 3l ax s cld) Leged 2SY) alied)
Lyl 30es ladl ge deguad) ik, 2% 43y .0°C
o) 1ia oledd (B ) s, e Lesie

o153 2 gl gl Gus) Caier Dillen) b s (112
CBlaaSY Alws) gl sl Caier dee sl cuS L)

ﬁLo-” A_I.a.aé

oSl S daxl e

e ¥) deae 3,5 ole oo glibazs glusk (113
61y Bl phad) Sle am Lealas) aliSI) deacy
P Tose 5o LS plal w3l Lol e anles
sle aglally 3.0 kg aalsd) aghal) alis .33 JS il
R ) 2.0 kg LgalsS plaa)
L) e cnl 019 ga LI el oslall
BOPL UM BV JYSR I JCTLTELY| YIS I P W L1
okl ¢l L .a
e a3 o) 3 o) 353 lae Loub

§as)

3.0kg

33 ysi

Gy 875 kg LgalsS 6 uim 5L &, 114

ax 1584 kg L42liS 8,Lw palaas 15 M/S e

s Legans obsled) cand) 12 M/S ae s b,s

3] Jans

solone lons Aol Llaylass low) pw)l @
an” g "aslanll 3" Wbl 13amay clilasy)
U pabadl)

am 88l kel pllas de g slodl azsl b
g &S p5) ol S84 -palad)

1308 . adss @ a,¥) gl le pllasdl 3l5l.C
055 &Y s S, ._'IE:.)YI Jolas oS
aaludd) Hlame Lo ncwls gylaadl ol (sl,28) e
Spolatl) as pllasl Lgalje o))

ey Ayes g, 188 W w,03 o ,>s 115
Slgad, aSer Joe oS lazs L 6.5 CM/s

QALY Sl

S s Wlid) ada ST olused! T odo
dalad l_,..,...J S aplally salal) 853 alasiul Lyl
.. 0.56 kg Lezl:Ss 2.4 cm3 Lgams> 315 5o

s old Lol o it Ewly o

Jol acand) aves¥) o] dnms Lo pasd) (3 sl
dngio pas 0Se caS Al dsan¥) o 236S
il 25,5 5) 6ummy Ol5ee plasiwl pasd a3LS
Juas sl Ll cocdndl glisy ) olulal) Lo
Lo pasids par 2 Osasl) Bsall o)

Loslazo Jol ) ael; 353 o5l gEiiwly Mo

LS slad) b o ) clhawdld) (o 5,5 03] 700 N

L) 251S 31 JS A b rnse sa

95 kg/m3

15) 8,500 oo aeial) csa) Brgid) dwd) Lo.@
REJENPD g JEY A JER

Seloal) 2 2,80 o5 Lonb

107

.108

109

%, o> Lo .C
|
|
700 N
31 gsud)
Alew¥) o o1 b Gle pudliagd) Gudad 110
Sl uleST o8 adseed) clew) (alg=¥ aslyia)
ASew Coring A8 oS 13) e LJb segles dblad
G2 o] ppss B aning Cuohy Glie guS
W Jie Jasl 32 i) JECINER [PN U L51 Jied!
lile) wd Sam
U GM
(S [ e woedl cle
/wm Lo /ums‘ Lo
4 W (s9o
X ﬁ / ‘ el e
ey /&
usedl cle ugsy o
32 ysi
wsatll @ 10 3ol 290



o2 85 L s 17 Kg ailiS puus e salall 553 Lo .6
LI
C. 1.7 x10° N

D. 83 x 10°N

A. 17 x 102N
B. 83 x 102N

SLasd) Al 3 83le le gsim ¥ 2 o sl 7

Osed) cos LA
psmall B

s .C

amasid) 5,l=¥) D

o2 A o Jesd cata) pasas ol 28 .8

-

oo 13lo dovaal) cas

alap g
Sl @ uake QBaw

cuadn @ iy Qe

Y . Py £
d>giag ObLil| @ld alwl

gsx s cos 125 ML e clsa a1 0sll .9

dee le Cute uelld) 1S 13 1013 kPa g Lo
JSadl b rsge oo LS aslew) &5, pdaw css 127 M
) Szl oLl pr Lo ol

1.27m
1

291 Lol SLas¥) Gle oy 10 Gaam ol

ddxlo (po Hlas-¥)

13 saenl) alls mlglal 3 Lbagicns 10.0 L aevs L .1

80% lunes 3,1, dxys coslajly Jlial @Y Laiall 3L
Sasand) 5L o gl oS (G2l (wlae)
A. 270L C.16.7L
B. 6.00 L D. 540 L

8% 1013 kPa .l ‘.59_1.J| Lsall Jase e .

Cllia 515 15] .0.080 M3 (o gl 5Le (o G o
S5l >d) dax o sSiw S L) e 3.6 Mol

A. 0.27 K C. 0.27°C

B. 270 K D. 270°C

e 200.0 N Lajlans 353 golas obiol JSall Lol .

Lpibas £5 ally &Sy puen asdl ) Jo¥) GurSel)
sl le gihdl hiadl laze L .5.4 cm?
SE AT
C. 3.7 x 103 Pa

D. 3.7 x 10° Pa

A. 3.7 x 10" Pa
B. 2.0 X 103 Pa

l 200.0 N

1 Sl 2 sl

559 Golad) JSad) 5 aedl, U Al (Sl Ji 13)

S puSall a>Lo Lo 41,000 N Lo jlaze
A. 0.0049 m? C. 0.11 m2
B. 0.026 m? D. 1 m?

L 110 g/em? syl jom i ois 28LS calS 13) .5

i i) sl tis e Jlid) g pallall ojsl) Jlaze
Siall elddl (po Byumms B sod Lonie <Lo 786 ML

A. 0.770 N C. 770N

B. 0.865N D. 847 N

McGraw-Hill Education iuwse wlal ilsyasme © cadlilly gidall gyas



It 55050 [N

a1 Jglad!

............................... Sle¥ Jds
........................... 260,45 3,505 ea)
........... lasoll o) pliacll el Cilasgl)
.......... lassll Joud) allasd) o aatiedl wlassl)
............................. daune Dihg>s
............................ 25b5a colg
................... Olasgl ng_\Ji (;Lli.:.Jl obsb
................ aalisee plus¥ S jemnll pie
...................... aaslal) slged) sy a8liS
............... :‘5.°J| uard QL_J_G.”s )Lg..a'.»‘zﬂ ol s

Canla)) olia)) gaed sedly HlpandU aalS)) 5,0 ,sd)
................ 20°C wie ) saed) dllas
................. dcguia _Jo‘Lug‘l gj Ogall de pw
..................... Sl cpaall prael ool
AAAAAAAAAAAAAAAAAA K (20°C) . 5L, eS80 Jjal) culs
.......................... LSS
.................................... eal)
.................................. )
AAAAAAAAAAAAAAAAAAAAAAAA robiall el Joan)
.................................. NN
.............................. aaMed) g0,

U 5,lpe




€ ¢©

L

Ll alsa)

us 8]

09392

[SEEE

iyl sl

(V) dymadd) e, ull asio

() 2133 azis

(a) b)) azaa

(F) 392l amia

(p) aS,5J1 &eS amie

(E) Sl Jloed) s

(B) boliael) Jloa)) das

e

890

Jose

thiae

—NAA—

(a538) daglae

—
—N—

gt es3oma
(‘;,L:.‘u,u)

Cuio

heas il ks sJse

I —O—

el

R-1 sz o) Jslas

<70 (T G @ STy R < UOIIBINP] [[IH-MBIDON



m ! Jadal!
kg ol sLsl) aL:sl)
S aols erazl!
K CralS a1l as s
mol Jsad! salul a.S
A o LRV
L cd aag il selayl sat |

s ) Jgladd

<76 (TR M @ ~TETY e £ uoljeINpY [[IH-MBIOIN

m/s? m/s? s, o)) Aol 2s S]]
m? m? e e PR
A?.s*/(kg-m?) F sl,le s
kg/m? kg/m? Sl el ol LS EEE]
A-s C polsS il gS aimd
V/m kg-m/(A-s?) N/C pelaSll (o SLaS) )
V/A kg-m?/(A2.s3) Q psl a5l ,450) deglad)
FRYINTREPeA
kg+m2/(A2.s3) v s (EMF) ast .50
N-m kg-m?/s? ] Js=dt Jiad) asll)
kg-m/s? N e s5all
s! Hz S sa 2l
cd/m? Ix uSel aliato
N-s/(C-m) kg/(A-s?) T W rbaliid | )
W/A1,J/C kg-m?/(A-s%) \ g agdl 3
/s kg-m?/s® w daly ajazl)
N/m? (kg/m)s? Pa Jisal dnanl
m/s m/s aslll 2, agmiel) de gl

L m3 m3 kS 2 pd)
1 atm = 101 kPa 1kg = 6.02x10% u 1 in = 2.54 cm
1 cal=4.184] lToz=284g 1 mi=1.61 km
1eV=1.60x10"19] Noz=2211b 1 mi2 = 640 acres
11 kWh = 3.60 MJ 1 1b = 0.450 kg M gal=3.79L
1 hp = 746 W 1md = 264 gal

L 1 mol = 6.02x 10% particles 1atm = 1.01x10° N/nm? 1 knot = 1.15 mi/h J

aeas ol ol

“«

o<

R-2

Tean¥



1.66x10727 kg
6.022x102 mol !

1.38x107%3 Pa-m?/K
9.0x10° N-m2/C?
1.602%x10719C
8.31 Pa-m3/mol-K
6.67x10~!! N-m?/kg?
9.11x1073! kg
1.67x10-27 kg
1.67x107%" kg
6.63x10734 J.s

3.00x108 m/s

1.660538782x 10727 kg
6.02214179%102% mol~!
1.3806504x10-23 Pa-m3/K
8.987551788x 10 N-m?/C?
1.60217653x10719 C
8.314472 Pa-m?®/mol.K
6.67428x 1011 N-m?/kg?
9.10938215%x1073! kg
1.672621637x1027 kg
1.674927211x107%" kg
6.62606896x 10734 J.s
2.99792458x 108 m/s

2,01 s8I aasg
ayalzsdl sae
Olosiles culh

polsS ol
Al as sl
S cols

'abJI odsdl culh
09 ,8Y) als
wsig ) alis
U9 sed) alss

cbdls ol

Bl b sl de o |

|

mr? e Azl e &) Gsb
LI Foad Cran
) il dlgla sl
Zmr Syl 0o Cran dedanie
rodad
2 2 i ) dlarie 5,5
L Sl g I e

1 9 -
L ml2? . . ool Cond

M Sl e [ ol ol
L_ml? ] . ) ol Coond

m pre i)l e | ke oo
. | EPICY RPN
Sm(1?+ w? . ; Al
i ( ) Sl e 1 Jlas JSaJ)
L Lf\_ﬂ/l-‘/d W s,ey

R-3  aax ol Jslazd)

10-15
10-12
1079
10-6

1073
102
107!
10!
102
103
106
10°
1012
1015

=

2

o

g 1O &=

Pt

b

F1 bk

Fleld Bl

<70 (T G @ STy R < UOIIBINP] [[IH-MBIDON



s ) Jgladd

<76 (TR M @ ~TETY e £ uoljeINpY [[IH-MBIOIN

2.70 aganad¥l
2519 660.32 f,,,;_Jyl 8.65 JONE!
2562 1084.62 ol 8.92 el
2833 938.25 posila =l 5.32 asiila
2856 1064.18 ad) 19.32 adl
2072 156.60 passyl 8.99%10-5 TR
2861 1538 spasdl 731 e
1749 327.5 S| 7.87 sl (3L,
3265 1414 asSaled) 11.34 el | fE <
2162 961.78 il 13.534 a3 ‘{_ E
100.000 0.000 L) 1.429%10°3 R ] b
907 419.53 L 2.33 Sk B
. 10.5 auaal
1.000 (C4) L
L 7.14 eyl
130 sala ) 897 Y
2450 Jeslicd) 376 oY) gulsall
235 aazl) 710 g AN
4180 L 385 bl
2020 L) Hlse 840 sl
388 L) 2060 2l
450 asasl
5.07x108 2.05x10° oull!
1.64x106 6.30x10% ea il
6.29% 108 2.66x10% asasd)
8.64x10° 2.04x10% I
2.72x10° 1.15x104 aayl
8.78x10° 1.09%x10° Jslaad!
2.36x10° 1.04x105 anall
2.26x106 3.34x10° laeess) oLl

A

azr ol Jolandl R-4



‘J”A.‘qu"

lead) 33L)
69x1076 23x10-6 poal¥
57x1076 19x1076 e ¥ Guloud]
36x10°6 12x10-6 FelLo, )]
51x1076 17x1076 celodl
27x1076 9x10-6 (goLe) glesh
9x10-6 3x1076 (8,5l pglia) gl 3!
4 35x1076 12x1076 s wgis
1} 27x1076 9x1076 poeaitls
,3' Jarr))
950x10-6 ozl
180x1076 3531
1200%x10-6 Jsli!
210%10-6 AL
<l 3Lad)
L 3400x10-6 (o) S50 alansy) Jlsyl))
380—430 —
430—450 Ll
450—500 ad zz ( 2(3 s)) ‘,‘:JJ,I
500—520 o5ls a3l = _ ;Lw
i = 1310 (27°C) . ’ ;J,
565—590 e N
590—625 s 1;‘: (25°C) .L
L 625—740 ool 1600 (25°C) “:Lj
1.0000 ¢ - (25 C) soser)
1.00059 (1 atm) sl 2640 ol pales gl
1.00013 (1 atm) el L 12000 bl
4-7 elosll
4.3 3 lesll
3.75 saaie ileS
L 80 L

R-5 aiax ol Jglad)

<T@ (TR T @ STEST (R <6 UOIEINP3 [[IH-MBIDON



<79 (TR M @ STy o T UoleaNpy [|IH-MBIDIN

102 86.8 569 1899 0.642 5.97 4.87 0.330 as
(102 xkg)

ad Joew gis

24.8 25.6 60.3 71.5 3.40 6.38 6.05 2.44 Y
(106xm)

1638 1270 687 1326 3933 5515 5243 5427 (kg/m?) asksl
0.290 0.300 0.342 0.343 0.250 0.306 0.90 0.068 5oLl
Ja.w,"...a

4498.2 = 28725 14335 778.4 227.9 149.6 108.2 57.91 R
eesall

(109xm)

3,90) Baa

60,189 30,685 = 10,759 4332 687.0 365.2 224.7 88.0 pbb) 1
(u'a):z(l

1.8 0.8 2.5 13 1.9 0.0 3.4 7.0 gl del)
(;.Iq-)a)

0.011 0.046 0.057 0.049 0.094 0.017 0.007 0.205 oladdl ),y
R a NIETER P ]

16.1 17.2 10.7 9.9 24.6 23.9 5832.5 1407.6 oo SsS1
| (h) 2sma

28.3 97.8 26.7 3.1 25.2 23.4 177.4 0.03 _ws*(““ J-J:

b ya

a4y daugia

73 78 133 163 210 288 737 440 oL sl
(K) gdaalt

Jlro 353

10.7 8.4 10.4 20.9 3.7 9.8 8.9 3.7 ol deshadl
N/) ol s
(kg )

aewSsl) @S s )R s

el it
1.99x10% kg alas)) 0.073x10% kg Al
8
6.96x10" m Slorw¥) )l caas 1738 km Slsrwd) anll cems
1408 kg/m? LS Laugie 8340 kg/m? BT i,
+4.83 sl Hanl) 0.11 ]
26

3.846x1026 /s N[ 384%10% km o g ABLndl) Seosin
Gzv aedall g4 5o abl ge ligy 27.3 aylae)) 8y000) Ban
609.12 h do> gueddl gluss 5231 | o %) (LT e Lag 29.53 (2 aat) as),23%) 5,501
g:\”.:_..u‘ 8 e . L ]

0.1937x10-3J/kg S gl e 5 golaell deed
0.055 Jaed) Cal,a¥)

5778 K ole B2 dx s dasis ¢ =

o) 655.7 h o9 Jo> el oliga 558

1.6 N/kg o ol dodled) s 343
o))

aeas ol ol

R-6



McGraw-Hill Education a..js plal dbssame © cadlilly pdal) 352>

(292) 6s2) (852) wso @so) (54} wvo wvt) (374) 2 63) wen 620867 9€01€Z 8E0ZEZ
Qw |9% |06 [Owm (04 [0 |0k [0 (0% |0 |0& |of |oF |o% -
€0k z0k 101 ook 66 86 6 96 6 (O €6 (s 16 06 T (RS
ouaime | wniaqoN  fuiny wniissy | wnweisuig | wniwsoped | wniayieg | wnund | wniopswy | wnuoinig ! wniuein 1 wnuioy]
19621 vOELL vESBIL 6szior | ogsv9 0529 sz68sH szt 596151 98051 (sbh Zvzhbl | sosobh siovt
n aA wy 13 OH kg qL PO n3 ws wd PN i 2D —rr #
413 %22 e i
oc 69 89 9 99 59 v |0 e 29 O L5 O | m s
wniayn WnIqIaRA wniny L wniga3 wniwjoH | wnisoidsAq wniqsa | wniujopes | wnidoiny | wnuewes I d i 1 wnua)
T S T ST o0 (sTref L .
2 = st (1= €1 SplL q_.m_: sopL Sgy| e (e (1T 60 v (e s e (R T e
62 (£62) (882) (682 82 (582 @ 182 (892) [7722) v92) (992) @92) 92) (7244} [£229) (€20
.onn A dnn 14 . 0 up 6y sa W SH ug 6s qa ] oy 2] 4
-~ 8l ¥ G 9l SHoX P = €l X @ k4 2 @ oLk 601 801 0L @ 90k Sob O 0oL D 68 88 L8 L
wnyoounun wnuowssar |wn | wnmosely ! o1 | | Lauy wnissey | wnuyog 1 wniugng  funy wnupoy | wnipey | wniouesy
8lozee £8660Z 786'807 086'80C Lo €8E'Y0T 6500C £96'961 80°S6L LHTTeL ET°061 L0798 v8'E8L 86081 6v'841 S06'8€EL LTELEL S06TEL
uy 3V od It} ad L 6H nv W 2 so 2y M 'L H el eg D
e 98 E S8 ﬁu 8 D €8 D 8 E I8 ﬂ 08 D 6L m 8L D LL E 9L n SL ﬁ YL ﬂ €L m k44 E LS n 95 n SS 9
uopey supeisy | wnwopog | winwsig peay anosa P09 wnunelg wipu wnwso | wnweyy | usisbuny | wnjmuer | wnwgey  Jwnuequer | wnpeg wnise)
£ 6
06Z'LEL 06921 09Lzk PATARAY oLL'8LL 8t uyrzu 898'L01 Zv'90L 906'T0L LO'L0b (86) 16'S6 906T6 hz24%) 906’88 948 89v's8
ax 1 aL as us ul P2 by Pd Uy ny a1 oN | .—aN iz A s qy
n €S E 5 1S E 0s E 6% 8 Ly 9% n Sb D 144 n {34 E rA4 W D ov 6€ n 8¢ LE S
uouax auIpo| wnpnjjaL uownuy uiL wnipu| wniwpe) EENTS wnipeed | wnipoyy 1 I wnigoIN wniuoolz wnURA wnpuons | wnipigny
A
08'€8 Y0664 96'8L VL 19zL ETL69 6E'S9 9YSEY £€69'8S EE6'BS Ly8'SS BE6VS 96615 Zv60s L98'LY 956'vY 8L0°0% 860°6€
n g s sy 29 ®9 uz ny IN L) o4 un 1D A n s ®) A
9%€ 0 O ﬁ €€ = 7€ 1€ (3 6z 8z i U U O De Oz [ 0o Oa 14
uoyday aujwoig wnusjaes oJuasty wnuewsg wnijjeg auz Jaddopy [ENEIN 1eqoD uou| osauebuepy | wmwoiyd | wnipeuep wnjuey ) wnipuess wney wnissejod
8V66E £5v'SE 990Z€ vL60E 980'87 28692 SOEVZ 06622
v 12 s d s 1\ B BN €
o 9% o st v €l o at 1"
uobuy auuoyd anyns snioydsoyqd uodl|is wnuwn)y wnisaubepy wnipos
0810z 86681 6665k £00°%L wozt | uso 706 w69
aN 4 o N ) a °g n
& 6 O : & L O 9 (] s v O € ¢
auuonjy uoque) uolog wnikieg wniyy
= 8007 —f— T2 Ir
-0 o :
> 60.pAH
> mce ) b
p— Q <z m I Taandas
usbouphy 4 (=~

2 O

(760 6P e

SSUNVEIRE

e

R-7



95.96 poeldl (227) ey 7]

144.24 60 Nd pseeased) | 26982 13 Al P T

20.180 10 Ne Gsl) (243) 95 Am e, L

(237) 93 Np esoall | 121760 51 Sb e 1

58.693 28 Ni Jsedl | 39.948 18 Ar oo

92,906 M Nb pomsedl | 74922 33 As il

14.007 7 N el | (210) 85 At ool

(259) 102 No esbosll | 137327 56 Ba et

190.23 76 Os poeess®l | (247 97 Bk R ]

15.999 8 o emaSY) 9.012 4 Be aselelh

106.42 46 Pd eso¥L | 208.980 83 Bi Cagazall

30.974 15 P ssusall | (272 107 Bh g igal)

195.078 78 Pt sl | 1081 5 B ]

(244) 94 Pu JRUSENN] 79.904 35 Br oy

(209 84 Po psssled) | 112411 48 cd preaslsl

39.098 19 K psembsdl | 40078 20 Ca p yediS)

140.908 59 Pr porerasl ) (251 98 cf postapalls

(145) 61 Pm peieas ) 12.011 6 c sl

231.036 91 Pa psaSie, ) | 140.116 58 Ce e

(226) 88 Ra ol | 132905 55 Cs o sl

(222) 86 Rn ST 35.453 17 cl P

186.207 75 Re sl | 51996 24 cr pSl

102.906 45 Rh pmss )l | 58933 27 Co LS

(280) m Rg poseniis )| (285) 112 Cn oo pySH

85.468 37 Rb P, 63546 29 Cu welsll

101.07 44 Ru paaziba )l (247) 9% cm il

(265) 104 Rf po20199,301 | (281 110 Ds paabitiaglall

150.36 62 Sm JS] (262) 105 Db P

44.956 21 Sc pmslSadl | 162500 66 Dy AR T

Q@7 106 sg prrsedl | (252) 99 Es R

78.96 34 Se skl | 167259 68 Er o

28.086 14 si oSl | 151964 63 Eu poerannd!

107.868 47 Ag amal | (257 100 Fm paeaapeall

22.990 1 Na o235l 18.998 9 F Jelalt

87.62 38 Sr el | (223) 87 Fr o st all

32.065 16 s co.y | 15725 64 Gd poeinlyalal

180.948 73 Ta JRATERRT] 69.723 31 Ga apllall

(98) 43 Tc pyetuaSzl) 72.63 32 Ge poeila i

127.60 52 Te PRI 196.967 79 Au T}

158.925 65 Tb OS] 178.49 72 Hf pasiaglt

g 204.383 81 Tl pslll | (270) 108 Hs prestell
3 232038 90 Th psestl) 4.003 2 He paekes))
i 168.934 69 Tm sl | 164930 67 Ho pseadaall
2 118.710 50 Sn ezl | 1008 1 H T
g 47.867 22 Ti peolzall | 11481 49 In syl
8 183.84 74 w ) 126.904 53 1 28l
s 238.029 92 u salsdl | 192217 77 Ir P
f 50.942 23 v paesilal) 55.847 26 Fe e
}; 131.293 54 Xe asesl | 83.798 36 Kr st S
3 173.04 70 Yb pow Y] 138.906 57 La sl
B 88.906 39 Y pea¥) | (262 103 Lr sl
1 65.38 30 Zn geaslsdl | 2072 82 Pb P
A 91224 40 zr JVSCRT 6.941 3 Li aseill)
¥ (284) 113 Uut M3 e | 174967 71 Lu JRSOERT]
£ (289) 114 Uuq 4% ol | 24305 12 Mg PRRIE ]
¢ (288) 115 Uup 1155 auall 54.938 25 Mn edsall
E (293) 116 Uuh N6* pmnadl | (276) 109 Mt ponlall
SE: (294) 118 Uuo 8% sl | (258) 101 Md posidasdl
\_ 200.59 80 Hg oy,

{UPAC) aladlly aimdl clearSU Glgadl slos¥) (hd (o ams slow¥) Clb sloie) oo o) ¥
> o) Jola)

R-8



o Y ®e LIP
.. ..........

Al b eleles L
sl ods duwade
M ) Jacly

) pladl ) ceas)
Lads¥) wlalawy)

a) elead) L) cens)
ads¥) Gslalawy)

o gl oSl ale
clolas ghly aiss¥)
sl le

o) slos ¥
G asl,e ) oM
oal) Gle Cllas gL

Clia) pladdl ) s
Lads¥) clalawy)

lad) aald) Jous)
ole clotas bls <LL
<2l

a i el Juus!
a3l Jeall o clgm¥l
i) pladl )

ads¥) clalany)

sl Gle clelas gL
Gl aladas pasan)

iy o)

Ssall Gle cleles &Ll
G sladas pasiwls

iz o)

oda (pa galsall Coss
o2 Lelall sl
il of degll)

RER YOO

Al dwade Coms
2aleS 5,) slal aiyd
RENGIPEPY

Dlesd) dlewy Ph;;..:..qi

o Jolsall soe dculill
lgl oia

3151 go oSy Jolss
@lali)) esly
gl s

isgs 2935 (o uSb
Ghuius ¥ s
3, 2leo 8 0uay dus-a¥)

ERR AN SIN]

EMeosd) e oSk
elelas o gabasll
) Al pamal

5545

ol daleS a3
o Jelss ol jlady
o) aia po wad

Al a,las o)
Lilasag oljlady

pladl el g5l

o ol Y Cuss
Y- N | A
plasau) aie 5,51
Allal) &sleS)) slge))
JlazasU

¥y calsll el oyl
Laslenall Gudld) W55
e pladdl ledas a5)

lab)s ol Jlas)

2l slyd) s
Ao elalsl

b danl) L asd)
ilsgam) i Amen¥)
asle) sleed)

Sl i) ol
L) i) Las L)
Slad) g 2l

b)) aad)
Eilgs¥l s, La)
o) @lgsl i)
sSe) gl

eio cosie¥l Laga¥)
ERGRL IS YN
Gl =L,S s Ll

S rad aSais By
8,20 M) 3 5l0d)

&LS el e
Jewe el Gl
LY L ameal)
Sliie s sl
pouliod!

382 Jio Slaw)
Fure yRewi] A-.--A‘S‘
e Jio ysle>¥
aelsall sl elSssanel)
SaSgyaea Lose¥) Jio
psgall

o sgaal) @asd)
cpo) gslal) LS )
bl obledl ol

ol

s oS L JsmS)
ese-wbs-.J‘ Olisia

causd) cpedd) )
dclall slyl!

<lel>) glsl L
sl o pals)
F-ONE]]

Slaell gl aemd) sl
28l 6,5 ) dgsd)
bl 15 ,s s

G55 a3 Ll Lad)
L5390 oaiss ald)
Las5),> o) aasadd)
et

51 @lga¥) alas)
RETE TS BT/ RN
gy alad) 7,25

Iilas 8,50%) s ab
Slamdl le Moo
L_,..u....Jl

o Jeie Slas
o asl,aSl denall
@)

o alod) s 43 slse
N BN
i) lgand

33 ) sl slgl)
ams¥) oo Jelan
Lealsg 5,5 %) sladly

13) posstd) s Slgo
9‘. o a2 ,9“ -
REOWILH)

Slae) Gy Jazds a3
ablell asleS))
) ey Jlazi M
o) i) o) (assSL])
BNV

gl H 5 gf}e ad
EIPRES N 7193

RrYyes

@l
3, )
agadd)

?L-u:-:l'l
alod)

J Prywis]]
3lged!

‘ :".';6-0-“
Fyresi]

’ ableeast)
dalaad! 3lged!

AL s gl

@ Jladsu

)
L8580

o) Juss
Jwe) 23 S o
onbally bl el

ayladl g5 B

IR

R-9  zax ol Jslua)

sic ol lia el
slyedl lasal
i)

Loaie 3ol lia gl

Ssal) s ol et

RIS YT N O NEES

Cead) de M

Sl o)as,) L)y s
aada¥) o) ,>) w20l

Lz 0 ol dcelall

<760 (TR T @ T (TR “€TTE UOIBINPT [|IH-MBIDIN



o) pliae

comsalal) B a3,l5)l il a) ey Gle el ) pladl pasal

4
- S back (BAK)
ay ... day (DAY)
ah.......... father (FAH thur)
OW.....ounn. flower (FLOW ur)
ar........o... car (CAR)
[ less (LES)
€e............. leaf (LEEF)
ihoo.oo trip (TRIHP)
i (i + con + e).. idea (i DEE uh)
oh............. go (GOH)
oo o00000000 soft (SAWFT)
oF . .ovvnnn. orbit (OR buht)
Oy coviiinnn coin (COYN)
00 .......... foot (FOOT)

eW. . ........ food (FEWD)

{T8® occooooaoo pure (PYOOR)
yew......... few (FYEW)

uh ... comma (CAH muh)
u+con) ..... rub (RUB)

sh ..., shelf (SHELF)

ChIF P nature (NAY chur)

[ gift (GIHFT)
dbaocoo0o00000a gem (JEM)
[i(*Jaaooaans oo sing (SING)

zh .......... vision (VIH zhun)
K.oooooooon. cake (KAYK)

B ooacaoaoooc seed, cent (SEED, SENT)
Z . zone, raise (ZOHN, RAYZ)

English

o o))

absorption spectrum: The characteristic set of
wavelengths absorbed by a gas, which can be
used to identify that gas.

acceleration: The rate at which the velocity of an
object changes.

accuracy: A characteristic of a measured
value that describes how well the results of
a measurement agree with the “real” value,
which is the accepted value, as measured by
competent experimenters.

achromatic (a kroh MA tik) lens: A combination
of two or more lenses with different indices
of refraction (such as a concave lens with a
convex lens) that is used to minimize chromatic
aberration.

activity: The number of decays per second of a
radioactive substance.

adhesive forces: The forces of attraction that
particles of different substances exert on one
another; responsible for capillary action.

alpha decay: The radioactive decay process in
which an alpha () particle is emitted from a
nucleus.
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alpha decay / atomic mass unit

alpha particle: Massive, positively charged atomic
particle that moves at high speed; represented
by the symbol .

amorphous (uh MOR fus) solid: A substance
having a definite shape and volume but lacking
a regular crystal structure.

ampere (AM pihr): A flow of electric charge,
or electric current, equal to one coulomb per
second (1 C/s).

amplitude: In any periodic motion, the maximum
distance an object moves from the equilibrium
position.

angular acceleration: The change in angular
velocity divided by the time needed to make the
change; measured in rad/s 2

angular displacement: The change in the angle
as an object rotates.

angular impulse-angular momentum
theorem: States that the angular impulse on
an object is equal to the change in the object’s
angular momentum.

angular momentum: The product of a rotating
object’s moment of inertia and its angular
velocity; measured in kg-m?/s.

angular velocity: The angular displacement of an
object divided by the time needed to make the
angular displacement.

antenna: A device that propagates
electromagnetic waves through the air.

antinode (AN ti nohd): The point with the largest
displacement when two wave pulses meet.

apparent weight: The support force acting on an
object.

Archimedes’ (ahr kuh MEE deez)
principle: States that an object immersed in a
fluid has an upward force on it that equals the
weight of the fluid displaced by the object.

armature (AR muh chur): The wire coil of an
electric motor, made up of many loops mounted
on an axle or shaft that rotates in a magnetic
field; torque on an armature, and the motor’s
resultant speed, is controlled by varying the
current through the motor.

atomic mass unit: A unit of mass, u, where u is
equal to 1.66x10 %7 kg; the approximate mass
of a proton or neutron.
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atomic number / buoyant force

atomic number: The number of protons in an
atom’s nucleus.

average acceleration: The change in an object’s
velocity during a measurable time interval
divided by that specific time interval; measured
inm/s 2

average speed: The distance traveled divided
by the time taken to travel that distance; for
uniform motion, it is the absolute value of the
slope of the object’s position-time graph.

average velocity: The ratio of an object’s change
in position to the time interval during which the
change occurred; for uniform motion, it is the
slope of the object’s position-time graph.

Ayl alg B Sbgig ) sae :g;&.ﬂ el

Lagwno duca) 5,58 YU pound) dc o uﬁ,._'_.Jl + ybuwstd!
M/s 2, Guliyg vz 5,50)) oda Lle

o)) Gle doguna deglaned) dolud) :idaw gied) de !
&S o) ) el sadluel) oda plab B 3 dnd)
Jeed dalla o) deal) ga el Jase 0o ielaio]]
el (a3lly g5 s

Dle dogune punll dsljl sdgaviell dawgiel de pud!
alan Lo Lol uinll Lids Gias ) aia3)) 820
EREURY IORINY SROMEIN] I PO JUIL - E S =CE0N | JFL YO
) (o dly ant3%1)

band theory: The theory that electric conduction
in solids can be better understood in terms of
valance and conduction bands separated by
forbidden energy gaps.

battery: A device made up of several galvanic
cells connected together that converts chemical
energy to electrical energy.

beat: The oscillation of wave amplitude that
results from the superposition of two sound
waves with almost identical frequencies.

Bernoulli’s (bur NEW leez) principle: States that
as the velocity of a fluid increases, the pressure
exerted by that fluid decreases.

beta decay: The radioactive decay process in
which a neutron is changed to a proton or
a proton is changed to a neutron within the
nucleus; results in the emission of a beta ({3)
particle and a neutrino or antineutrino.

binding energy: The energy difference between
the assembled nucleus and the individual
nucleons; it is the energy equivalent of the mass
defect and is always negative.

buoyant force: The upward force exerted on an
object immersed in a fluid, due to an increase in
pressure with increasing depth.
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capacitance (ku PA suh tuns) / circuit breaker

capacitance (ku PA suh tuns): The ratio of the
magnitude of charge on one capacitor plate to
the electric potential difference between the
plates; the slope of the line of a net charge
versus potential difference graph.

capacitor: An electrical device used to store
electrical energy; made up of two conductors
separated by an insulator.

carrier wave: A specific part of the radio portion
of the electromagnetic spectrum assigned to
a radio or television station by the Federal
Communications Commission. A station
broadcasts by varying its carrier wave.

center of mass: The point on the object that
moves in the same way a point particle would
move.

centrifugal (sen TRIH fyew gul) “force”: The
apparent force that seems to pull on a moving
object but does not exert a physical outward
push on it and is observed only in rotating
frames of reference.

centripetal (sen TRIH put ul) acceleration: The
center-seeking acceleration of an object moving
in a circle at a constant speed.

centripetal force: The net force exerted toward
the center of the circle that causes an object to
have a centripetal acceleration.

chain reaction: Continual process of repeated
fission reactions caused by the release of
neutrons from previous fission reactions.

charging by conduction: The process of charging
a neutral object by touching it with a charged
object.

charging by induction: The process of charging
an object without touching it, which can be
accomplished by bringing a charged object
close to a neutral object, causing a separation
of charges, then separating the object to be
charged, trapping opposite but equal charges.

chromatic aberration: A lens defect in which
light passing through a lens is dispersed, causing
an object viewed through a lens to appear
ringed with color.

circuit breaker: An automatic switch that opens
when the current through an electric circuit
exceeds a threshold value.
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closed-pipe resonator / Compton effect

closed-pipe resonator: A resonating tube with
one end closed to air; its resonant frequencies

are odd-numbered multiples of the fundamental.

closed system: A system that does not gain or
lose mass.

coefficient of kinetic friction: The slope of a line
on a kinetic friction force v. normal force graph,
p k. Relates frictional force to normal force and
depends on the two surfaces in contact.

coefficient of linear expansion: The change in
length divided by the original length and the
change in temperature.

coefficient of static friction: A dimensionless
constant depending on the two surfaces in
contact. It is used to calculate the maximum
static frictional force that needs to be overcome
before motion begins.

coefficient of volume expansion: The change in
volume divided by the original volume and the
change in temperature; is about three times the
coefficient of linear expansion because solids
expand in three directions.

coherent light: Light made up of waves of the
same wavelength that are in phase with each
other.

cohesive forces: The forces of attraction that like
particles exert on one another; responsible for
surface tension and viscosity.

combination series-parallel circuit: A complex
electric circuit that includes both series and
parallel branches.

combined gas law: States that, for a fixed
amount of an ideal gas, the pressure times
the volume, divided by the Kelvin temperature
equals a constant; reduces to Boyle’s law if
temperature is constant and to Charles’s law if
pressure is constant.

complementary colors: Two colors of light that,
when combined, produce white light.

components: Projections of a vector parallel to
the x-axis and another parallel to the y-axis.

compound machine: A machine consisting of two
or more simple machines that are connected
so that the resistance force of one machine

becomes the effort force of the second machine.

Compton effect: The shift in the energy of
scattered photons.
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concave lens / crest

concave lens: A diverging lens, thinner at its
middle than at its edges, that spreads out
light rays passing through it when surrounded
by material with a lower index of refraction;
produces a smaller, virtual, upright image.

concave mirror: A mirror that reflects light from
its inwardly curving surface, the edges of which
curve toward the observer; can produce either
an upright, virtual image or an inverted, real
image.

conductor: A material, such as copper, through
which a charge will move easily.

consonance: A pleasant set of pitches.

=convection: A type of thermal energy transfer
that occurs due to the motion of fluid in
liquid or gas that is caused by differences in
temperature.

conventional current: the direction in which a
positive test charge moves.

convex lens: A converging lens, thicker at its
center than at its edges, that refracts parallel
light rays so the rays meet at a point when
surrounded by a medium with a lower index
of refraction; can produce a smaller or larger,
inverted, real image or a larger, upright, virtual
image.

convex mirror: A mirror with the edges curved
away from the observer that reflects light from
its outwardly curving surface; produces an
upright, reduced, virtual image.

coordinate system: A system used to describe
motion that gives the zero point location of
the variable being studied and the direction in
which the values of the variable increase.

Coriolis (kor ee OH lus) “force”: The apparent
force that seems to deflect a moving object
from its path and is observed only in rotating
frames of reference.

coulomb (KEW lahm): The S| standard unit of

charge; one coulomb (C) is the magnitude of
the charge of 6.24 <10 electrons or protons.

Coulomb’s law: States that the force between two
point charges varies directly with the product of
their charge and inversely with the square of the
distance between them.

crest: The high point of a transverse wave.
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critical angle / displacement

critical angle: The angle of incidence in which
a refracted light ray lies along the boundary
between two mediums.

crystal lattice: A fixed, regular pattern formed
when the temperature of a liquid is lowered, the
average kinetic energy of its particles decreases
and, for many solids, the particles become
frozen but do not stop moving and instead,
vibrate around their fixed positions.
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de Broglie (duh BROY lee) wavelength: The
wavelength associated with a moving particle.

decibel: The most common unit of measurement
for sound level; also can describe the power and
intensity of sound waves. Abbreviated dB.

dependent variable: The factor in an investigation
that depends on the independent variable.

depletion layer: The region around a pn-junction
diode where there are no charge carriers and
electricity is poorly conducted.

dielectric: A poor conductor of electric current
whose electric charges partially align with an
electric field.

diffraction: The bending of light around a barrier.

diffraction grating: A device consisting of many
small, closely-spaced slits that diffract light and
form a diffraction pattern that is an overlap
of single-slit diffraction patterns; can be used
to precisely measure light wavelength or to
separate light of different wavelengths.

diffraction pattern: A pattern on a screen of
constructive and destructive interference of
Huygens’ wavelets.

diffuse reflection: A scattered, fuzzy reflection
produced by a rough surface.

dimensional analysis: A method of treating units
as algebraic quantities that can be cancelled;
can be used to check that an answer will be in
the correct units.

diode: The simplest semiconductor device;
conducts charges in one direction only and
consists of a sandwich of p-type and n-type
semiconductors.
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dispersion / electric field line

dispersion: The separation of white light into a
spectrum of colors by such means as a glass
prism or water droplets in the atmosphere.

displacement: A change in position having both
magnitude and direction; is equal to the final
position minus the initial position.

dissonance (DIH suh nunts): An unpleasant,
jarring set of pitches.

distance: The entire length of an object’s path,
even if the object moves in many directions.

domain: A very small group, usually 10-1000 ym
on a side, that is formed when the magnetic
fields of the electrons in a group of neighboring
atoms are aligned in the same direction.

dopant (DOH punt): Material with electron
donor or acceptor atoms that can be added in
low concentration to intrinsic semiconductors,
increasing their conductivity by making either
extra electrons or holes available.

Doppler effect: The change in the frequency of
sound or light caused by the movement of either
the source, the detector, or both the detector
and the source.

drag force: The force exerted by a fluid on an
object that opposes the object’s motion through
the fluid; depends on the object’s motion and
properties and the fluid’s properties.
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eddy current: A current generated in a piece
of metal that is moving through a changing
magnetic field, producing a magnetic field that
opposes the motion that caused the current.
efficiency: The ratio of output work to input work.
effort force: The force a user exerts on a machine.

elastic collision: A type of collision in which the
kinetic energy before and after the collision
remains the same.

elastic potential energy: Stored energy due to an
object’s change in shape.

electric circuit: A closed loop or pathway that
allows electric charges to flow.

electric current: A flow of charged particles.

electric field: A property of the space around
a charged object that exerts forces on other
charged objects.
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electric field line / equilibrium

electric field line: A line that indicates the
direction of the force due to the electric field
on a positive test charge; the spacing between
the lines indicates the field’s strength; a closer
line spacing indicates a stronger field; the
lines never cross and they are directed toward
negative charges and away from positive
charges.

electric generator: A device that converts
mechanical energy to electrical energy and
consists of a number of wire loops placed in a
strong magnetic field.

electric motor: An apparatus that converts
electrical energy into mechanical energy.

electric potential difference: The work needed
to move a positive test charge from one point to
another, divided by the magnitude of the test
charge; also called potential difference.

electromagnet: A type of magnet whose
magnetic field is produced by electric current.

electromagnetic induction: The process of
generating a current through a circuit due
a changing magnetic field or to the relative
motion between a wire and a magnetic field.

electromagnetic radiation: Energy that is carried,
or radiated, in the form of electromagnetic waves.

electromagnetic spectrum: The entire range of
frequencies and wavelengths that make up the
continuum of electromagnetic waves, including
radio waves, microwaves, visible light, and
X-rays.

electromagnetic wave: Coupled, oscillating

electric and magnetic field that travels through
space and matter.

electron cloud: The region in which there is a
high probability of finding an electron.

electroscope: A device that is used to detect
electric charges and consists of a metal knob
connected by a metal stem to two thin metal
leaves.

electrostatics: The study of electric charges that
can be collected and held in one place.

elementary charge: The magnitude of the charge
of an electron; approximately 1.602x10 -* C.

emission spectrum: A plot of the intensity of
radiation emitted from an object over a range
of frequencies.
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energy / fundamental

energy: The ability of a system to produce a
change in itself or in the world around it;
represented by the symbol E.

energy level: The quantized amount of energy
allowed for electrons in an atom.

entropy (EN truh pee): A measure of the energy
dispersal in a system.

equilibrant: A force that places an object in
equilibrium; the same magnitude as the
resultant but opposite in direction.

equilibrium: The condition in which the net force
on an object is zero.

equipotential (ee kwuh puh TEN shul): The

electric potential difference of zero between
two or more positions in an electric field.

equivalent resistance: The value of a single
resistor that, when it replaces all the resistors in
the circuit, results in the same current.

excited state: Any energy level of an atom that is
higher than its ground state.

extrinsic (ek STRIHN zik) semiconductor:
Semiconductor with greatly enhanced
conductivity resulting from the addition of
dopants.
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farsightedness: A vision defect in which a person

cannot see close objects clearly because images

are focused behind the retina; also called
hyperopia; can be corrected with a convex lens.

first law of thermodynamics: States that the
change in thermal energy of a system is equal
to the heat that is added to the system, minus
the work done by the system.

fission: The process in which a nucleus is divided
into two or more fragments, and neutrons and
energy are released.

fluid: A material, such as a liquid or gas, that can
flow and has no definite shape of its own.

focal length: The distance between the focal point
and the mirror or lens.

focal point: The point where incident light rays
that are parallel to the principal axis converge
after reflecting from a mirror or refracting
through a lens.
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force / heat

force: A push or a pull exerted on an object; has
both direction and magnitude and may be a
contact or a field force.

force carrier: A particle that transmits, or carries,
forces between objects interacting at a distance;
also called a gauge boson.

free-body diagram: A physical model that
represents the forces acting on a system.

free fall: The motion of an object body when air
resistance is negligible and the motion can be
considered due to the force of gravity alone.

free-fall acceleration: The acceleration of an
object due only to the effect of gravity.

frequency: The number of complete oscillations a
point on a wave makes each second; measured
in hertz (Hz).

fundamental: For a musical instrument, the lowest
frequency of sound that will resonate.

fuse: A short piece of metal that acts as a safety
device by melting and stopping the current
when too large a current passes through it.

fusion: The process in which nuclei with small

masses combine to form a nucleus with a larger
mass and energy is released.
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galvanometer (gal vuh NAH muh tur): A device
that is used to measure very small currents; can
be used as a voltmeter or an ammeter.

gamma decay: The radioactive decay process in
which there is a redistribution of energy within
the nucleus but no change in atomic mass or
charge, and a gamma ray is emitted.

gravitational field: A vector quantity that relates
the mass of an object to the gravitational force
it experiences at a given location; represented
by the symbol g.

gravitational force: The attractive force between
two objects that is directly proportional to the
mass of the objects.

gravitational mass: Mass as used in the law of
universal gravitation; the quantity that measures
an object’s response to gravitational force.

gravitational potential energy: The stored energy

in a system resulting from the gravitational force
between objects; represented by the symbol GPE.
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ground-fault interrupter (GFI) / incident wave

ground-fault interrupter (GFD): A device that
contains an electronic circuit that detects small
current differences caused by an extra current
path; it opens the circuit, prevents electrocution,
and often is required as a safety measure for
bathroom, kitchen, and exterior outlets.

grounding: The process of removing excess charge

by touching an object to Earth.

ground state: State of an atom with the smallest
allowable amount of energy.
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half-life: The time required for half the atoms in a
given quantity of a radioactive isotope to decay.

harmonics: Higher frequencies, which are
whole-numbered multiples of the fundamental
frequency; give certain musical instruments their
own unique timbre.

heat: A transfer of thermal energy, which occurs
spontaneously from a warmer object to a cooler
object; represented by Q.

heat engine: A device that continuously converts
thermal energy to mechanical energy; requires a
high-temperature thermal energy source, a low-
temperature receptacle (a sink), and a way to
convert the thermal energy into work.

heat of fusion: The amount of thermal energy
required to change 1kg of a substance from a
solid state to a liquid state at its melting point.

heat of vaporization: The amount of thermal
energy required to change 1kg of a substance
from a liquid state to a gaseous state at its
boiling point.

Heisenberg uncertainty principle: States there is
a limit to how precisely a particle’s position and
momentum can simultaneously be measured.

Hooke’s law: States that the force acting on a
spring is directly proportional to the amount the
spring is stretched.

hypothesis: A possible explanation for a problem
using what you know and what you observe.
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ideal gas law / isotope

ideal gas law: For an ideal gas, the pressure
times the volume is equal to the number of
moles, times the constant (R) and the Kelvin
temperature; predicts the behavior of gases
remarkably well unless under high-pressure or
low-temperature conditions.

ideal mechanical advantage: For an ideal
machine, is equal to the displacement of the
effort force divided by displacement of the
resistance force.

illuminance (ih LEW muh nunts): The rate at
which light strikes a surface, or falls on a unit
area; measured in lumens per square meter
(Im/m?2) or lux (Ix).

image: An optical reproduction of an object
formed by the combination of light rays
reflected or refracted by an optical device.

impulse: The product of the average net force on
an object and the time interval over which the
force acts.

impulse-momentum theorem: States that the
impulse on an object equals the object’s
final momentum minus the object’s initial
momentum.

incident wave: A wave pulse that strikes a
boundary between two mediums.

incoherent light: Light whose waves are not in
phase.

independent variable: The factor that is changed
or manipulated during an investigation.

index of refraction: Determines the angle of
refraction of light as it crosses the boundary
between mediums; for a given medium, it is the
ratio of the speed of light in a vacuum to the
speed of light in that medium; represented by
the symbol n.

induced electromotive force: The potential
difference across a wire that results from the
production of an electric field.

inelastic collision: A type of collision in which the
kinetic energy after the collision is less than the
kinetic energy before the collision.

inertia (ihn UR shuh): The tendency of an object
to resist changes in velocity.
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inertial mass / law of universal gravitation

inertial mass: A measure of an object’s resistance
to any type of force.

instantaneous acceleration: The change in an
object’s velocity at a specific instant.

instantaneous position: The position of an object
at any particular instant.

instantaneous velocity: A measure of motion that
tells the speed and direction of an object at a
specific instant.

insulator: A material, such as glass, through which
a charge will not move easily.

interaction pair: A pair of forces that are equal
in strength but opposite in direction and act on
different objects.

interference: Results from the superposition of
two or more waves; can be constructive or
destructive.

interference fringes: A pattern of light and
dark bands on a screen, resulting from the
constructive and destructive interference of
light waves passing through two narrow, closely
spaced slits in a barrier.

intrinsic semiconductor: Pure semiconductor that
conducts charge as a result of thermally freed
electrons.

inverse relationship: A hyperbolic relationship
that exists when one variable depends on the
inverse of the other variable.

isolated system: A closed system on which the net
external force is zero.

isotope: Each of the differing forms of the same
atom that have different masses but have the
same chemical properties; atoms with the same
number of protons, but different numbers of
neutrons.
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joule (JEWL): The Sl unit of work and energy (J);
1J of work is done when a force of 1N acts on
an object over a displacement of 1 m.
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Kepler’s first law: States that the planets move in
elliptical paths with the Sun at one focus.

Kepler’s second law: States that an imaginary
line from the Sun to a planet sweeps out equal
areas in equal time intervals.
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Kepler’s third law / magnitude

Kepler's third law: States that the square of
the ratio of the periods of any two planets is
equal to the cube of the ratio of their average
distances from the Sun.

kilowatt-hour: An energy unit used by electric
companies to measure energy sales; 1kWh is
equal to 1000 watts (W) delivered continuously
for 3600 s (1 h).

kinetic energy: The energy of an system that is
associated with its motion.

kinetic friction: The force exerted on one surface
by a second surface when the two surfaces rub
against each other because one or both of the
surfaces are moving.
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laser: A device that produces powerful, coherent,
directional, monochromatic light that can be
used to excite other atoms; the acronym stands
for fight amplification by stimulated emission of
radiation.

law of conservation of angular momentum:
States that if there are no net external torques
on a closed system, then its angular momentum
is conserved.

law of conservation of energy: States that in a
closed, isolated system, energy is not created or
destroyed, but rather, is conserved.

law of conservation of momentum: States that
the momentum of any closed, isolated system
does not change.

law of reflection: States that the angle of
incidence is equal to the angle of reflection.

law of universal gravitation: States that
gravitational force between any two objects
is directly proportional to the product of their
masses and inversely proportional to the square
of the distance between their centers.

lens: A piece of transparent material, such as
glass or plastic, that is used to focus light and
form an image.

Lenz’s law: States that an induced current
always is produced in a direction such that
the magnetic field resulting from the induced
current opposes the change in the magnetic
field that is causing the induced current.
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lepton / net force

lepton: An elementary particle, such as an
electron or a neutrino, that forms mass but
belongs to a different family than quarks.

lever arm: The perpendicular distance from the
axis of rotation to the point where force is
exerted.

linear relationship: A relationship in which the
dependent variable varies linearly with the
independent variable.

line of best fit: A line drawn on a graph as
close to all the data points as possible; used to
describe data and predict where new data will
appear on the graph.

longitudinal wave: A mechanical wave in which
the disturbance is in the same direction, or
parallel to, the direction of wave travel.

loudness: Sound intensity as sensed by the ear
and interpreted by the brain; depends mainly on
the pressure wave’s amplitude.

luminous flux: The rate at which light energy is
emitted from a luminous source; measured in
lumens (Im).

luminous source: An object, such as the Sun or a
lightbulb, that emits light.
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machine: A device that makes work easier
(but does not change the amount of work) by
changing the magnitude or the direction of the
force exerted to do work.

magnetic field: The area around a magnet, or
around any current-carrying wire or coil of wire,
where a magnetic force exists.

magnetic flux: The number of magnetic field
lines that pass through a perpendicular surface.

magnification: The amount that an image is
enlarged or reduced in size, relative to the object.

magnitude: A measure of size.

Malus’s law: States that the intensity of light
coming out of a second polarizing filter equals
the intensity of polarized light coming out of a
first polarizing filter times the cosine, squared,
of the angle between the polarizing axes of the
two filters.
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mass defect / orgin

mass defect: The difference between the sum of
the masses of individual nucleons and the mass
of the assembled nucleus.

mass number: The number of nucleons in an
atom’s nucleus.

mass spectrometer: Device that uses both
electric and magnetic fields to measure the
charge-to-mass ratio of positive ions within a
material; can be used to determine the masses
of ions.

measurement: A comparison between an
unknown quantity and a standard.

mechanical advantage: The ratio of resistance
force to effort force.

mechanical energy: The sum of kinetic energy and
potential energy of the objects in a system.

microchip: An integrated circuit consisting of
thousands of diodes, transistors, resistors, and
conductors.

model: A representation of an idea, event,
structure, or object to help people better
understand it.

moment of inertia: The resistance to rotation.

momentum: The product of the object’s mass and
the object’s velocity; measured in kg-m/s.

monochromatic light: Light having only one
wavelength.

motion diagram: A series of images showing the
positions of a moving object taken at regular
(equal) time intervals.

mutual inductance: Effect in which a changing
current in a coil creates a changing magnetic
field that induces a varying EMF in a second
coil.
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nearsightedness: A vision defect in which a
person cannot see distant objects clearly
because images are focused in front of the
retina; also called myopia; can be corrected
with a concave lens.

net force: The vector sum of all the forces on an
object.

neutral: An object whose positive charges are
exactly balanced by its negative charges.
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Newton’s first law / plane mirror

Newton’s first law: States that an object at rest
will remain at rest and a moving object will
continue moving in a straight line with constant
speed, if and only if the net force acting on that
object is zero.

Newton’s second law: States that the
acceleration of an object is proportional to the
net force and inversely proportional to the mass
of the object being accelerated.

Newton’s second law for rotational motion:
States that the angular acceleration of an object
is directly proportional to the net torque on it and
inversely proportional to its moment of inertia.

Newton’s third law: States that all forces come
in pairs and that the two forces in a pair act on
different objects, are equal in strength, and are
opposite in direction.

node: The stationary point where two equal
wave pulses meet and are in the same location,
having a displacement of zero.

normal: The line in a ray diagram that shows the
orientation of the barrier or mirror and is drawn
at a right angle, or perpendicular, to the barrier
or mirror.

normal force: The perpendicular contact force
exerted by a surface on an object.

nuclear reaction: Occurs when the energy or
number of neutrons or protons in a nucleus
changes.

nucleon: A particle found in the nucleus of an
atom; that is, a proton or a neutron.

nucleus: The tiny, massive, positively charged
central core of an atom.
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object: A luminous or illuminated source of light
rays.

opaque (oh PAYK): A property of a medium
that allows that medium to absorb light and
reflect some light rather than transmitting it,
preventing objects from being seen through it.

open-pipe resonator: A resonating tube with
both ends open that also will resonate with
a sound source; its resonant frequencies are
whole-number multiples of the fundamental.
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origin / projectile

origin: The point at which both variables in a
coordinate system have the value zero.
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pair production: The conversion of energy into a
matter-antimatter pair of particles.

parallel circuit: A type of electric circuit in
which there are several current paths; its total
current is equal to the sum of the currents
in the individual branches, and if any branch
is opened, the current in the other branches
remains unchanged.

parallel connection: A type of connection in
which there are two or more current paths to
follow.

particle model: A simplified version of a motion
diagram in which the moving object is replaced
by a series of single points.

pascal: The Sl unit of pressure; equal
to 1N/m?2

Pascal’s principle: States that any change in
pressure applied at any point on a confined fluid
is transferred undiminished throughout the fluid.

period: In any periodic motion, the amount
of time required for an object to repeat one
complete cycle of motion.

periodic motion: Any motion that repeats in a
regular cycle.

periodic wave: A wave whose disturbances occur
at a constant rate.

photoelectric effect: The emission of electrons
by certain metals that occurs when they are
exposed to electromagnetic radiation.

photon: A discrete, quantized bundle of radiation
that travels at the speed of light, has zero mass,
and has energy and momentum.

physics: The branch of science that studies matter
and energy and their relationships.

piezoelectricity: The property of a crystal that
causes it to bend or deform, producing electric
vibrations, when a voltage is applied across it.

pitch: The highness or lowness of a sound, which
depends on the frequency of vibration; can be
given a name on the musical scale.
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plane mirror quadratic relationship / refraction

plane mirror: A flat, smooth surface from
which light is reflected by specular reflection,
producing a virtual image that is the same size
as the object, has the same orientation, and is
the same distance from the mirror as the object

plasma: A gaslike, fluid state of matter made up
of negatively charged electrons and positively
charged ions that can conduct electric charge;
makes up most of the matter in the universe,
such as stars.

polarization: Production of light with a specific
pattern of oscillation.

polarized: The characteristic of magnets that they
have two opposite ends called poles.

position: The distance and direction from the
origin to an object.

position-time graph: A graph that can be used
to determine an object’s velocity and position,
as well as where and when two objects meet,
made by plotting the time data on a horizontal
axis and the position data on a vertical axis.

potential energy: Stored energy due to the
interactions between objects in a system.

power: The rate at which energy is transformed.

precision: A characteristic of a measured
value describing the degree of exactness of a
measurement.

pressure: The perpendicular component of a force
on a surface divided by the surface’s area.

primary color: Red, green, and blue, which can
be combined to form white light and mixed in
pairs to produce the secondary colors yellow,
cyan, and magenta.

primary pigment: Cyan, magenta, and yellow,
each of which absorbs one primary color from
white light and reflects two primary colors; can
be mixed in pairs to produce the secondary
pigments red, green, and blue.

principal axis: A straight line perpendicular to
the surface of a mirror or lens that divides the
mirror or lens in half.

principal quantum number: The integer (n) that
determines the quantized values of r and E for
an electron’s orbital radius in hydrogen and the
energy of a hydrogen atom.
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resistance / second law of thermodynamics

principle of superposition: States that the
displacement of a medium caused by two
or more waves is the algebraic sum of the
displacements of the individual waves.

projectile: An object shot through the air, such
as a football, that has independent vertical and
horizontal motions and, after receiving an initial

force of gravity.
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thrust, travels through the air only under the

quadratic relationship: A parabolic relationship
that results when one variable depends on the
square of another variable.

quantized: The property of energy that it exists
only in bundles of specific amounts.

quantum mechanics: The study of the properties
of matter using its wave properties.

quantum model: A model of the atom that
predicts only the probability that an electron is
in a specific region.

quark: A tiny elementary particle that forms mass
and can combine with other quarks to form
larger particle such as protons, neutrons, and
pions.
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radian: %’N of a revolution; abbreviated rad.

radiation: The thermal transfer of energy by
electromagnetic waves.

radioactive: Materials with nuclei that emit
particles and energy.

ray: A line drawn at a right angle to a wavefront;
represents the direction of wave travel.

Rayleigh criterion: States that if the central
bright spot of one image falls on the first dark
ring of the second image, the images are at the
limit of resolution.

ray model of light: A model that represents light
as a ray that travels in a straight path, whose
direction can be changed only by encountering
a boundary.

real image: An optical image that is formed by
the converging of light rays.
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self-inductance / sound wave

receiver: A device that converts oscillating
potential differences in an antenna to sound,
pictures, or data.

reference frame: A coordinate system from which
motion is viewed.

reference level: The position where gravitational
potential energy is defined as zero.

reflected wave: A returning wave that results
from some of the energy of the incident wave’s
pulse being reflected backward.

refraction: The change in direction of waves at
the boundary between two different mediums.

resistance: The measure of how strongly an
object or material impedes the flow of electric
charge produced by a potential difference;
equal to the potential difference divided by the
current.

resistance force: The force exerted by a machine.

resistor: A device with a specific resistance;
may be made of long, thin wires, graphite, or
semiconductors and often is used to control the
current in circuits or parts of circuits.

resonance: A special form of periodic motion that
occurs when small forces are applied at regular
intervals to an oscillating or vibrating object and
the amplitude of the vibration increases.

resultant: A vector that represents the sum of
two other vectors; it always points from the first
vector’s tail to the last vector’s tip.

rotational kinetic energy: Kinetic energy of a
system due to its rotational motion, proportional
to the system’s moment of inertia and the
square of its angular velocity.

Floa B hdadl agedl 3,8 Jimd sl bt sl
bl ol Hpus ol Syl L)

aS,ml) alasde oSe Gilas) allay :(paow e ylb)
a5 e

Gpdnd) posl) 2Bl golus thee 1A 40 (Sose
Nias a

oo A8l Lgao Josd ol (pe 8050 dvgo tdwaSaie dovge
idadlud) dmgl)

Llobsy o) calopall jLam) olos) LB i Lufi¥l & 0l
liseg by g Jealal) so] sie LogelS 5) sl
Gliseid) 30 kel Lle ssled) 8 0m0 il ygSd) dagligd!
agd) 38 (gsluss tagad) 3,8 L 3l a5k S

Dbadl sas Gle Loguuns

Lo T Ldis all agall sdagliod] dgd

O LEgiuas 9% 4 Liuss daglie 3350 5Ly ipglie
(2 Magad) bl ol cpld) (yan, SN o) daid g dlals I
Alaadl G LI LA b el B LLe adsids
Bl a8 Slandl e elzad ol dsl <)

699 55 Ladie Giaso &jgad) A5l jieo Al i(pdy
e ol dedie e le dolatis @b b 8 ie
basl B s aaY) daw (eSy

12505 ‘|._\_u ,.'.5\ 57 Cegio o> Juol> Jie asae iJ-a;:u
8 i) el ) Youms Jo¥) azadd) o oo

@S s Lo pllsa) 25,01 23Ul 15l y93 4 o ABLs
plasll (3 1) Jsal) pie go bsyde qaulisiy 20)554))

o)) aie ;w09

scalar: A quantity, such as temperature or
distance, that is just a number without any
direction.

scientific law: A statement about what happens
in nature and seems to be true all the time.

scientific methods: The patterns of investigation
procedures.
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specific heat / superconductor

scientific theory: An explanation of things or
events based on knowledge gained from many
observations and investigations.

secondary color: Yellow, cyan, and magenta,
each of which is produced by combining two
primary colors.

secondary pigment: Red, green, and blue, each
of which absorbs two primary colors from white
light and reflects one primary color; can be
produced by mixing pairs of cyan, magenta, and
yellow pigments.

second law of thermodynamics: States that
whenever there is an opportunity for energy
dispersal, the energy always spreads out; states
that natural processes go in a direction that
maintains or increases the total entropy of the
universe.

self-inductance: The property of a wire, either
straight or in a coil, to create an induced
EMF that opposes the change in the potential
difference across the wire.

semiconductor: Material that behaves as a
conductor under certain conditions and as an
insulator in others; can be used to make solid-
state electronic components.

series circuit: A type of electric circuit in which
there is only one current path and all current
travels through each device; the current is the
same everywhere and is equal to the potential
difference divided by the equivalent resistance.

series connection: A type of connection in which
there is only a single current path.

short circuit: Occurs when a very low resistance
circuit is formed, causing a very large current that
could easily start a fire from overheated wires.

significant figures: All the valid digits in a
measurement, the number of which indicates
the measurement’s precision.

simple harmonic motion: A motion that occurs
when the restoring force on an object is directly
proportional to the object’s displacement from
the equilibrium position.

simple pendulum: A device that can demonstrate
simple harmonic motion when its bob (a
massive ball or weight), suspended by a string
or light rod, is pulled to one side and released,
causing it to swing back and forth.
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surface wave / torque

solenoid (SOH luh noyd): A long coil of wire
with many spiral loops that is attached to a
circuit; fields from each loop add to the fields
of the other loops, creating a greater total field
strength.

sound level: A logarithmic scale that measures
sound intensities; depends on the ratio of the
intensity of a particular sound wave to the
intensity of the most faintly heard sound; unit of
measurement is the decibel (dB).

sound wave: A pressure variation transmitted
through matter as a longitudinal wave; it
reflects and interferes and has frequency,
wavelength, speed, and amplitude.

specific heat: The amount of energy that must be
added to a material to raise the temperature of
a unit mass by one temperature unit; measured
in J7kg-K.

specular reflection: A reflection produced by a
smooth surface in which parallel light rays are
reflected in parallel.

spherical aberration: The image defect of a
spherical mirror or lens that does not allow
parallel light rays far from the principal axis to
converge at the focal point and produces an
image that is fuzzy, not sharp.

Standard Model: A model of matter in which all
elementary particles can be grouped into three
families—quarks, leptons, and force carriers.

standing wave: A wave that appears to be
standing still, produced by the interference
of two traveling waves moving in opposite
directions.

static friction: The force exerted on one surface
by a second surface when there is no motion
between the two surfaces.

step-down transformer: A type of transformer in
which the voltage coming out of the transformer
is smaller than the voltage put into the
transformer.

step-up transformer: A type of transformer in
which the voltage coming out of the transformer
is larger than the voltage put into the
transformer.
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total internal reflection / velocity-time graph

stimulated emission: The process that occurs
when an excited atom is struck by a photon
having energy equal to the energy difference
between the excited state and the ground
state—the atom drops to the ground state and
emits a photon with energy equal to the energy
difference between the two states.

streamlines: Lines representing the flow of fluids
around objects.

strong nuclear force: An attractive force between
nucleons that binds the nucleus together; is of
the same strength between all nucleon pairs.

superconductor: A material with zero resistance
that can conduct electricity without thermal
energy transformations.

surface wave: Disturbance in which the medium’s
particles follow a circular path that is at times
parallel to the direction of wave travel and at
other times perpendicular to the direction of
wave travel.

system: Object or objects of interest that can
interact with each other and the external world.
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tension: The specific name for the force exerted
by a rope or a string.

terminal velocity: The constant velocity of an
object that is reached when the drag force
equals the force of gravity.

thermal conduction: The transfer of thermal
energy when particles collide.

thermal energy: The sum of the kinetic energies

and potential energies of the particles in a system.

thermal equilibrium: The state in which the rates
of thermal energy transfer between two objects
are equal and the objects are at the same
temperature.

thermal expansion: A property of all forms of
matter that causes the matter to expand,
becoming less dense, when heated.

thin-film interference: A phenomenon in which
light waves reflect from separate boundaries
of a thin film and experience constructive and
destructive interference.
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virtual image / work function

thin lens equation: States that the inverse of the
focal length of a spherical lens equals the sum
of the inverses of the image position and the
object position.

threshold frequency: The certain minimum value
at or above which the frequency of incident
radiation causes the ejection of electrons from
a metal.

time interval: The difference between two times.

torque: The combination of force and lever
arm that can cause an object to rotate; the
magnitude is equal to the force times the
perpendicular lever arm.

total internal reflection: An optical phenomenon
that occurs when light strikes a boundary
between two mediums at an angle of incidence
that is greater than the critical angle and all
light reflects back into the region of the higher
index of refraction.

trajectory: The path of a projectile through space.

transformer: A device that can decrease or
increase the voltages in AC circuits with
relatively little energy loss.

transistor: A simple device made of doped
semiconducting material that can act as an
amplifier, converting a weak signal to a much
stronger one.

translational kinetic energy: The energy of a
system due to the system’s change in position.

translucent (trans LEW sunt): A property of a
medium that allows that medium to transmit
light and reflect a fraction of the light,
preventing objects from being seen clearly
through it.

transmitter: a circuit that converts voice, music,
pictures, or data to electronic signals, amplifies
the signals, and then sends them to an antenna

transparent: A property of a medium that allows
that medium to transmit light and reflect a
fraction of the light, allowing objects to be seen
clearly through it.

transverse wave: A wave that vibrates perpendicu-
lar to the direction of the wave’s travel.

trough (TROF): The low point of a transverse
wave.
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uniform circular motion: The movement of an
object at a constant speed around a circle with
a fixed radius.
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vector: A quantity, such as position, that has both
magnitude and direction.

vector resolution: The process of breaking a
vector into its components.

velocity-time graph: A graph that has velocity
plotted on the vertical axis and time plotted on
the horizontal axis; its slope is the acceleration
of the object whose motion is described by the
graph.

virtual image: The image formed of diverging
light rays.

volt: The unit of electric potential difference;
equal to one joule per coulomb, 1J/C.

voltage divider: A series circuit that is used
to produce a potential difference source of
desired magnitude from a battery with a higher
potential difference; often is used with sensors
such as photoresistors.
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watt (W): Unit of power; 1J of energy transferred
ints.

wave: A disturbance that carries energy through
matter or space; transfers energy without
transferring matter.

wavefront: A line representing the crest of a
wave in two dimensions that can show the
wavelength, but not the amplitude, of the wave
when drawn to scale.

wavelength: The shortest distance between points
on a wave where the wave pattern repeats
itself, such as from crest to crest or from trough
to trough.

wave pulse: A single disturbance or bump that
travels through a medium.

weak nuclear force: The interaction that acts in

the nucleus during beta ((3) decay; much weaker
than the strong nuclear force.
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weight: The gravitational force experienced by an ) B a5 awslad) 55 spuead! ()0

object.

weightlessness: An object’s apparent weight of Sria puumnl) (g ralal) o5od) Lged oSy Al i8] plassl
zero that results when there are no contact i) 1ie pend Guodls 563 ax g ¥ Loduc mudy
forces supporting the object.

work: The transfer of energy that occurs when a e 853 i3 Laare Giasy Giasy &L Jlan) gl
force is applied through a distance; equal to the ol golaws cdino dbliss diae d3luo aS 505 pux
product of the system’s displacement and the i 13Y) alew) B ade algiid) ssully allaid) asl5) oy

force applied to the system in the direction of
displacement.

work-energy theorem: States that when work is ol pllss Gle o)) Jas) :d8Ually Jadd) & a5
done on a system, a change in energy occurs. el adls o )

work function: The energy required to free the Cann¥) 9,2 SIY) o) 2oy dBlad) s Pl (i) Wl
most weakly bound electron from a metal; aralls b jlal) dcall ss,m elasy cuae 50 (e WsLs,)
measured by the threshold frequency in the BEPEYIUL] LAl

photoelectric effect.
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