
t . w t . . n JjVl ̂ U.1 Jjll J-aill - ̂ il+ill 
ÛcLui l(>»jll -iljAll jUlilj pal̂ a. ;5jL> ^ 

T.I . / W t l ; fejutt Ajfrtjj - Atflill Aljill 

Sajjla]) Ax̂ la. 
Acljjll AjK 

Ajfrljjll A îl̂ il 

Alijisj JJJUII kLJa U*b>« udjillj CHĴ 1 ^ jUî VI AJJSUI Ukiksu Uu.j ̂ MJI (i) ;JjVt Ji>uJI 
Jâ JI ij* qmU 

AjSiIKmII (ĵ ljAjl Â uIjaI ̂ ui A* (jjubilt Jjlaj ^ Â sjlaS tsjlall .uiLaJI qa ijj| jLui.1 jjaJ (i_i) 
^ jUiVI UbW, (U US ^U I4J Ij&LUll AlialuiV)j CML luiill jUa.Sfl C^j $jlall uiluol 

6.50 7.10 6.00 5.20 4.30 4.50 3.50 2.00 (ĵ S) J^JI 

19.20 13.80 3.60 2.65 0.610 0.1125 0.0875 0.05 jiua 

jVja] (Y) a£I| ( > ) la Uilma. jW Ailku.iVlj J^ll ̂ JLuil ^Winll ûij C - 1 j 
AJUaluiU Aj>Ull iiuiill (0) AjCja.jll jjbu> (V) 

W j jiaU* ylc b̂ a>» L̂iaJI JUilVIj 11 Jl̂ VI ^Wul UkJaiu Uu.,j ^ j l (1) J)>J| 
Aal-nn ^Wuil 4jjU-»j 

(jj (jiijiJI jA Laj n̂.i'OI £J^j Ĵ uaiall JA U (LJ) 
Jajll JaJi yjLuSI (jWiflll jfcuij uijlk»llj JbJjllj Jajll & JS1 ĵauJI (jJJJ ^Sfl <JjA?JI (£) 

hjMI j»lSjllj ia]jllj JjjJI (j* Jil 4-ajjlIII l jLuaj V; Y A.unjj Jaljllj 

(%) jUii AJ^I 

100 52 25 14 7 3/16" 3/8" 3/4" 3/2" Jiiall <lao3 jjIL> 
6 24 45 60 81 96 100 100 100 

- - — — 3 36 75 96 LI jll 

.(WUIjib <UUiu.Vl (jluULuiVl JbLill jjjIj liaJ Jll>»l! eifc djk- U-JaAjcljjtf 4>»11 laL̂ ll jUll ^ (i) 
.MjaH JaLJail iTilLc U j2!jj uî l.jll Uj ̂ LujUill LsuaJI jUliki UjLLc ijjl Uj 

.̂ yoaJI Jl>4i! Â̂aJl jLui.1 f. Iĵ j UliLaj (JuS LĴ JUAII AJUSJ ûijll J (u) 
J M 

^ Laj .(jiauj l̂ Ja&j JIjaII AjauuII AjjlLd A â luult (Ĵ alt Uj JIjaU sJiLdll U (I) 
.OVJUUS! AjIJSJ jw.jJU dJj UJa>> SJiUall til.jUil gjUj 

AjcI j jll OKIull s J i_e lLf l j j jijvall Jjill jjlall (jfr ^Kj (v) 

J j j S j l f l j I t'ljin'' 

njfr Jaili. (juui /J I Sjĵ &jjI Ioji /J 



: ( > j i ! 2010/2009 JjVl ^ I jJ i l J - i l l oUi.1 

2010/1/ 25 ^ V ) tfjill 
c^vl -SjUlt 

eucljjjl q uMî ll .puuoS 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

15 J l > - J*) AliuVl < > l 
: JjVlJt: 

SJ^1 U j j j 40 tUlJ l̂l t̂ C- SjJ>JI (JjSj-all JjUl c^ji (jl 
.CLlUllI liA Oic fSUJI £-l£ijl ^ ^ 30 fSlaJl JjL j ^ ^ 

: Jlj 
= £ j l L a l l j ^ ( J ( j i 

ŝuai 1 j ^sS 600 (J^j (^Ij^l JJ^-^I (S l̂ ''"UV CJUIjJauiVI J t̂la (ilj^al ĝjljjASI ^K'u ^ulj 
• JajjjlaJI jliall Joa. j ^ j«JI (_s-ia-La (jJJ llltskiuuill CjjlSj 30 lI^J (j^Vl jja-al! ^C. 

+ 1.07 = c J ' - 0.72 = j j « + 0.85 = j *» - 1.4 = > < + 0.92 < --1.24 = £ ^ < + 0.52 = U 
f jJ I ^ i x ^ j U E = 19900 Kg m .... K > 40 cm ^ 5 0 0 ^ j j * ^ j ^ l u1^ V 

Sil̂ aJI ̂ j j tjlliS j AlUail Cjjuii (jjL f̂ll <_Luo=J j ja-all ^ I j j ^ l 

j&Mil Jlj 
Ĵsojuoj AjSatjj kc. JJUU t̂ jaJLi ^jlll AlajJlj Aâ oJI j jV I jaip ^JILJ j j j . 1 

i^MS 3-ijAj-u jj> ^A31 ^-Lxll AiiiV^1200 <-j.JISB ^ jjju 
f — o60 (j^jjj JUIS1I t> 0120 J ^ 

-xui 5 4iLu!-a l—jlAill J.I.U.O 
^ 5 j A j J b a U u ^ u J a i j l S l i l i - 5-ol lSt S j j ^ A j L ^ j I j I ! y l u u _ ^ o 9 0 J ^ - u ^ 4 

(JSai ^jujjI — A flhVu ̂ .iaju ^jIjI! l i l j ^ J J j off-set (> ^ 2 -̂al̂ JI j^J-0 dF- ^ ^ Jaa.j 

.2 

^jjlSI ĝi 4 j^j iKĵ ll SJJ-alb Jjĵ alall jA La jSji 

- s Jja. j j i i B, F olL-aljJI 
^jljjAl B, C L^JJ^ ̂  J-4 -̂0 S CLula A 

'150 Ĵ  B, F lHJJ^I jLiuii — S cJj=». Ix-a 
200 jjaj A eib^l u^ ^ m^j^I ^ 100 

^ 100 F ^ 
eLaJiVIj Ac-̂ uill t C û "1^ -^J^ oL̂ jVI j 



:<>jII t«1 «/t» » 5 JjVl ^wljill J-flil! oUl«l 
t-. W V* ® (Ajc.ijjXu.JlA JU^i) hu\J\ HJIV 

j l j a A cjVI :®jUJt 
cue I JJJI Vigil /> i>iS 

( U j ^ ^ o J l > JS) <Hu.Vl ̂  i. 

:Jqj)l JIoju 
jJptJoJU CUjOJt̂ JI 6&Lfi5JI V_SNJLC J-ol̂ SiJI V_svi5blj0 .) 

JOÎ JJJVI qJljJs <=Ucljj O15>^joJI CH-? .T 

• • l ^ JUJ I J I q ^ 

ul^g^JI yySj ibcjl o^0^ uuS .) 

dl̂ ptJoJL) cluLJI OjAiJI uLoi> .T 
.^JjJuJIs JjJjJI cli\JI oLjUauuO /XjuJJI .T 

: C J U I J l o ^ o o o ~ 
11 QJLoj /olsJI /)lou^3 I T Jjlsj 10 V-Ĥ -AJOJI />ltx-o olii^l^xJlj j d J j ^ u o .1 o o 

Q19 i>°j3 JkzijujVI s^-aSl s*-*-1^! jjĵ USUOJU Ĵ-jujuJU tUaiu JS 
cUuSi/AaiTl* • JptoJI os-j-mj OJl^ li>| (ĵ oLo-^JI u -̂CS 

Jbuo ol^ptxxJU Jj^jiiuJI />UoJu c>°S .T 

:RJIJI JI4J> 
JjjjJI jSU — oLoltX-oJI J>| jJ 6jj3 v_SVj\JU 

li>L A 
% 1 - o O J ^ J L J s-JLS j_^>l3 OLĴ SucJ CL-J3I0JI q_̂ _juuuJI .Y 

/>j\Ul cIŝ JLJ iSjjgJI Oĵ JI Jc>3l - ^ L J ^ %A — o-fPrSjsA 
_x_>sl v_5v-9 % ! • J L l ^ uU> I Sis - ojo/>I>> 3JLS Jol^J />UI I jS i I 3 lJL_a> ^jo _/>!>> 3JLS J0I3 v3lj^>l i>° ' ^ L J I oljLsJU ŝUSJI Oj$}\ 

oljlaJI ojl^J qj3ixJI 



(jljpLuj lo-ajil 
r . ^ 

L̂-l̂ -̂ jll Jill jUUlJ 

Y O ./Y . . 1 ^OlI/JjVl ̂ j J l - J ^ I o*^1 

Aallilll ASjill 
Jkb j l j l j CUjcIjjJI q̂uuJUfJI /lull 

^ 0 euajw J5) PJJIII fUASr yX 
• I 

(OL^PO) Lgjuo US filscKjjjj LOOLS 51 tUaufcl t^t-a^jo (CUUJLAJI OlJ^JLII >JULszjo , 

( u b r j i £) JjocJI 6iU>j Jjjj cojl>aJI OclaSJI ulS J>»joJI (jjul&J ul uuS J j j i 0j< 

uLco- T» • tOjASs J Tl* • J>^JOJI />Y» —/>A* • 6jl>_aJI J^oai jLS J 

A^l ^p) • JlsaJt jbauaJt Jo-» 
cUiLJI vJ\S c^SUajoJI Ojl>aJI - v J>?caJU qjjl>aJI OclitSJI -1 

(Oby-Sl) J 
iiSuUJI J 

(ob-ji 0) oU^l i l l OlSpw> \S3 ltt>>9l>» b$jMjJ\ <_S\£ 
.̂V-ajuo J>SJOJL_i COjUjoJU OJL_j>I3 cul̂ Jb—wjl s^ Jj_=coJU cu_juuuJU u ^ a J I $1 oL9>raJI 0jxJUl /vJL 

(ob-ji^) oUI>b 
J1L> pjLususJI 0jl>_aJl3 1 ouu_5JI cUjjul/,9 >>0» Ojl̂ aJI fi / ̂ jjj^jJ^LS *K* tjuljuu l̂ JsLa-aJI Oĵ i i_s\. 

:JL=*r3l / = 1.4 - Cv = 0.717 kJ/kg.K° ui uÔ su l̂ajuuJI oiloJI fi^cS/yJ^r u>JLo 0 

OjsxII <Jlb>- v^asi -I 
o ^ j J J 6tU£JI - v 

<Ul&jaJI oiLoJI (jjo JiJ OĴJJLI Jê UJI '-.> 
:cJUJ[ JI4 

k m S I yaLôO CJLŜ  JUJL5fc> 
JjjuoJLI =U)LuJI OJJLUJI 

i^S^JJ OLuuuJI fiSj XlXScj OjUjb 

:gjl>JI JI.4. 

<U/LaxSJIS tUsLuJaJI l&olp* vjvJLc slu oLo ĵJueJU UUluulî JI <j£. /jJLS 
1 • ^u—SJI c u — — u u A ju.u>JI J5—b^ /iwjjaH cQl^h.....^MI j-bS 1 J 

0jj9_AJ| 05_AJ!3 fi^ujO* CUJOjaII J3I? O îS cuJUl OULuJI • • " ' J q iu9i ^ o OJLoJ tlAASi/^flJT* 

J>J*AJI J>JU - fi^S/ J^y usJLuo £0 cU Ojjl>s*JI ^aj jJI^ ulS i5u9>!l JIL^MJI - js&cSQ* CUjo>AJI us 

03 JLSu^MI ( J O qllejuuuuuoJI 4_9UaJl3 .kg...^3 O j l ^ eLsr^i .L^r. J j j 

:<UJUJL«JI ^̂ JJJJI OS>9 guo Jŝ -̂ JLS J>i«ji»JI J>b oljl 

(ol^p £) 

(Obrji O) 

(Ob-jj 0) 

euilwjl OjAiUI -Y «UJLoJjj'i OJAAII -T 

«uLo>«JI OjJLaJU î Ŝ JU i^x^JI JM ĵuujMI -O 
<uLo>«JI ô JLftJU tl̂ pJLI t ^ ^ J I JM^uu^yi -V 

( o b j i i>95JLi tl^^JI Pjuuuu 

.̂UJU tlA ^UiAill 

J>*«JI iJo- -I 

JLajJI cuLo_>flJI Jhg.n11 lsuujfpuo -£. 

tuJLo^aJI OCLASJI -1 

OCULSJI -A 



Y . WY • < * JjVI jJil -

(A^jJ ^ O) (Jl̂ utll 3-ll̂ Sfl Jc. ya j 

4JU1I liljUIl (x ) j i ( V ) ^ (i) 

J l^vt ĵli ALouiuiAjl dilj-lVi jfi*J - ̂  -

jjjlaJl Ĵ L (̂ U Ulc jla V o yM Ĵl <U>!a JSfr T i jla A i jjjla. V llai 4j jjJ1s> iai lit - Y-
ji» \<\,A 

4jluL!) ^̂Sc. tfl̂ l... a l̂a '̂ ui Y , Y o , , ; ^ ji«u)j (jjiloLu <Uajji> j j <jlaji 4*Ja3 ialuw »•* |j) -V-
r , i i Jbijji ^ ^ i v dx^ 

£ 0 0 ^ jAYro ^jiWI LaJJ ^^aii-Jl cil jaitfl - i. 

<Ujl j 4_aj2 <_iluia. lilaudl 4iij]aj î lSljaJVI o ̂A ya t̂ij ĵJktllj i A J ô -i i JiUl jLclaII Cjiii <UjVI jUajVI 
4jli|jJl ui 

u . A J Ja LaJI 
rY Yo YiV t ^ ^ i nr r. ^uVi l!) 

Y ^ o 0 0 ^ Y rYn ^ t Y t Y .o ^̂ AliJI tilĵ JVI 

^ i i a CiilS lij Ajujkll (jiaj I <UJa2 i-jtuia. lililaj cioS (I) 

4 nCi'u ii <i lA JjAa^j 

ijx« ^ > « = (_i = (_i i JSJillj J A <_J I (jiajl 
CjjISj Ja.W! yJj J i J jJl j A J i 4JJIJJ jia ^ = J a 

Jj-laJU ^ US i (> (ilJjjl hk- ij^Ull Jbû lj Cilul.ls.yi 
Iillj idjjillj (jl 

A. V. 0 » i . r . Y . (jltlb) Jbui 
r,® r t,® Y r JUG (JIAIL,) CjUJU 

(^UJJ > O) Ijulj) Jlj^J) 

AjSjnill AjjljiAil ilhxSut jiaJI »Ajfr ,jjIuijj ^ill ujjajjxh (-jluui tillŜ u cijS j-jJil (!) 

US LHJl ijj.uI'mj JUjI CulSS Y; f (Jjx4j Jxa i o jUSul o^J*^ (JiJ^ J J ^ cr^ ^ ^ l-Ji>?''(LrJ) 

o ^ i j l 1:50 gr^ 1:2000 ^ j t y ^ i <j iJ^ (^) ^ J J ^ 

LajiUl hjti) UiUia. ( Y ) 
i . . r . . Y . . \ -. 0 , jSLm jUb Jljui 
^ o,A >o,<( jloib 1 Ul 111 ID 

4 •»•( » »• nil IUI 



(jUiC'Luj 
T . \ ./VOflgijUll 

Y . V «/f • • 1 ^Ull/JjVI ^ J j j l l cUili U ^ 1 

J SLlJlJ ^ j i l l 
4JC.IJJ>1I CJIjljaJl;solJl 

tucljjjl <WJu«JI >.>a3 
• > 

10 cuaau J S ) cuiiJI «UJL**;JJI gLuoo- CAP-I 

( o b - j i v ) . j > « j i J ifc ft 

% A» q_*SLyl&uoJI cUeUSs u L o ^ V» «̂ _JLo>aJI o l i l j b .ml gjjLi ^JsXij J>aso 

c»JlS3/>wtS /\Sj$}\S upAo \ * J «3jojjUI5 % TT <Jjo>aJI <iijl>=*JI eloJli 

cus-ji OLS bl - To .pilaJI o l j l c gjo 6̂ >>aiLoJI Oyl>*JI Ot&S 

Q ĵMLBjoJI <a_9lkaJi UL-ojcbI g-DS °fi . / tSj^JLS 1 cLoJLI I3 °/> 0* Jlj>xJI sLo 

i t 

f . 
J5S5JI JjLAS -V . J 

( o b r j i A) .qjuSi />JUU Ju^uJI els eUjoJJb i j jua} r f M >i ' .' .. >-••.'• J f til 
o) .d>5tflJI <jjjja ^ jtfif • (t) 

( o b ^ i V) .Cuu,>JI o ^ j J ^sJsuJaau j^ujj gj» JaaAlU Ouo>JI <&Ujb (w) 
•' , . , & 

T) v_S\aJb*JI J^eaJI u S ^ J J i u j l^aJ ^JpjJfCW j fUl j ̂ >uuJjl ( w j 

:CJLJI 

( u l ^ j i 0) .osulaJI £f cLobxJI oIa-oI^joJI ( j | 

(A^rji T) .flLe>MJI uia*ftay 6>^>t fil^l 

( o b r j i A) . ^ y ^ y i tssJLc wĴ -JI J«l>sJI 

( o b - j i 0) .>sdl tss*^ J>»jaJI i>o OjiftJI^ cisLhJI J,m.i.I..«uj jimJj (l) 

^O-juj \ HA i^aJbtll^ (jvjoLoill J^taJI J&SCD t j j j <̂ SL*jubJI - = U J L u j / T L>is f j\ji> (w^ 

OIJ^jlJI -̂JO^UJO JJOISJO -/>uuk/ ^cUj j l^ 1 1 <%dLuuuo tSvalaJI JMAJI ^JS jls*JU l̂>s«JI Ji&i • f-

~ fi—uj \ TO i_sx-aJb«JI J-5tsJl fi^jjj Vo I^oloill J j taJI ^Jai — ^^aJLaJI JstssJI^ t , 1 0 ij^Loiji JjyfeLJ 
H i 

^ y j - j ^ l £ • j-aJI i^jox. £buj l /o tS 1 • • • cS^Luoi^ <ua9I >i*JI ijJUs JUUJt 6>9 i f 

>JU OvJL^jJI J-ftJI^ sS^M.O.gll JJUJI^ ^ ^ j d J I uO QJB.jauuJI \jCUSCMJ OjtMJJ -

iJL -̂̂ i sJv^JbJI VJJSSJI j>5w>3 JJJMJI ^ JAJI OslaJ^ %V» JUUJI OBU5<| 1 - 1 - 0 

.ij\AJbJls (jvjoLoi)! JitaJI cŜ Lc UIjsjl) fljoaUdO -T 
* 

UJSM Xjjj 05J ijv-asi -I 
uljajJI OJÔLHJO osS 6a>aaAJI 6JAAJ( JIIJLU -1 

JuuJl JjsIAA -A 
(olsrji \ •) . J>-tall Olj5Jj| fijJt • 

• 't; 

O f̂tiaJla t̂ joLoVl J=wJI oJbs <I>JI Jsii i j 
jl.pJI ulolll Jolai -T 

vjMjJill OisA/u>J\ OjJLill j\l£o -0 
jf>=«JJ OjjJJI gSi -V 

• • •• 

> 

Srtyrt ^Ji . ^AA^ 
'S 

• d a 

<V>R f 
uf 



(2010-2009) ^ cJjVl cHJAJ! W 

OUfrLu. ! ( > j ] | (JjIxj j dLttfrl h j u : SjUJ! teljjJI k i S 

23-01-2010 r&jUl (Lft l j j^^A) AjjOil: U l j L ^ l ^ a 

(JjSfl Aljji!) 

r^Vl i l iuiVl^v^i 

l u b d ) : J j V l J t > J I 

S-labilo (JjS Aik- j J j J (JjWimo ^lala j i -i I H7> 1 ^ l ^ Y I (jl llliil -1 

e v = ex + ey + ez 

J2^ui \tjla 2000 — ( E ) JJ-^I ( J*^ U^ f ^ ' f ̂  <jr* J ^ ^ j ' C&u&J OJf^l ûo=Jl ̂  -<_) 

^ ^ j j i j i±u=u V F z ^ j ^ 1 £ 0 . 2 5 = | i UJ^ ' JJ 

Fy = 200 T 

: JI>»JI 

j j -a S j j b ^h-vVMib ^ j i ^ / ( j j j j j 20 J J^j 50 Lafjjl^i jjA/alxla JUj (J^Qa. If^C- jiijJ 4-Lii 

.(Jjkjlb <j£=>-j csjj^i ° 40 ^Jjl j i JjLa cr^ J ^ 3 Aifr?^ 

Ji^kjli ;(j£uuilLl La£ ^all f^ya Ax. j)<rs ^ ĵui \ Q AjeJaiUi Aji.Luî  (j-iauall UJi -t-_l 

/ J j j J l (Ĵ uua j l S (jj t,, ,n. >i'<i\l AjISII 

E = 0.8 * 103 ton/cm2 

5t A B D It 
8t 2t + 

60 cm- .100 
C J A 

"120 cm-

- f 



( 2010-2009) u^Lxll flail JjVl <^1 jill <J*ai]| ^ ^ ^ ^ 

( j j jcluj : c > j i l Sj-Ula J SjjAa. AiUa : SjUJI ^ c l j j l l 

2 0 1 0 - 2 - 2 ( V j j ^ J j A ) ^ > 1 1 V J J 5 ^ 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

^ j t j ^ J I (jajlii^VI SjAU=> (jc- 4 i j j u La J 

. ( j j j j ^ l i_Jii 4 Kmixi ^jc. La jSYl -i_J 

_4iUalt Axi t j j ( j 0 

j AjjljixujVI ClilaLk-aJI (jjj ^ajoijll j ^- j j i lb y j l i - J 

<-<uaj| (jl t" \ fllr- Ijl 'ojASI (3-a ijl-iil (J JJW (iA3^ CjIjl^. lS^)* ' J L5-a-la*-ll AjjI^pJl 4-ajjlj| ' ^..i-vl 

4-12»Lijj (JjbtA j (-v>*S \ (Jja. La-La 1 6 . 9 = J fO^ \ La-La J 7 .7 = Sjill ^ flhuJI Ajjl j^Jl 

1 50 uji -^I j l l LL^JI J cLaa. 6 = ojill 1 _ li-1-t (j-a (jl-iill 



Y . \ . / Y • < S JjVl j ^ l Juaill - ^ I f ^ l Aj^Ul 

£tj&Uu ;<>jJI JjjjaJI ^ j l l Â uAlfe :SJU ŷfl AjtljjJI AulS 

T « W Y / < A ^ l j j JUel Sjbl A ^ Aijill AjcIj^I ^ 

JjSH 

AajjIaJI AajtaJl ^jKrtll jJaLsJ AjlIIxaJI Cj\ nj<nVill Jala ^tjfi-j ̂ uaJ ( i ) 

(Jjjj jiLa Y BLM]| JAP j jla i Igj (jiajt JJXA j eLiaU Ajamjiojl Atj^JI uxulxI {(-J ) 

1/n = 4 0 ^ j j Lai AJ^&aJI J-alta <j\ UoaIc |jj jIsjJjS / ^uj A L̂ -i oUaII jtkui j lJaJl j \ ] \ Ifculj* 

i ^ I J l > 

( j i j lb ^jJI jl^A CiUjU Lia ^ J b (i ) 

j^ajc JS ULJ«J JmjIIJ Aiui (j* Aoftl JAIJ*JI, (JA JS AJjbca I_USI ( I_J 

( H f J ^ j i l l ^ j l l L j ^ ^ ^ l ^ V b S j j S L J I ^ U i ] ! - r (R a) Jjx* -Y (q) (jSUijJI ( J j ^a i -

AJUUI CiljUdl (x ) j i ( V ) ^ (i 

JajiJulLi ^ J ) (J* CiVJâ a Jii i_i>«aj ^bsu J!5Ul AjjIII pLaII ujUjuj ^elliJI ^jJI ^ ( 

(jiuUiaJI j ju (JA J j j j A.&j aJbJl JjoaII Cili Ajjao^iJi ^yiljVl ^ <Uh>"nn| Aji JajlulU ililjj-a-a <>» 

ju^ua A^lj Jii ^ i S j l l O^U^I ^ cjUalllL! cij*eul\ oul (5 

j»SlJJ j l a l w j iajinllj ^ j l l Ûsu Cru AJJJJI IJL Ajjiaijll j j j j l l jr J j a j LSa ^ i j J b j ( ' 

hjVnllj AiuU Aj^UVI CAjjIaII CiULuil JaSi ^ J L j j u i j ( 

ialll] Ciiki AJUJI iliULull(i_ 

q (lit/h) 3 .6 4 .0 

h ( m ) 8 12 

Lijj-alSI A^ajSj (_>ui (' 

j l» ^ . aj l j ia JaC-Ua ^ jatHil Jjuiu iSc Lij«aj]| KaI [X ) JaUuU (Jj^al l l j LjL2aJI ASilxll ( 

(J.djllb I nh fit T 

J j j J - o ^ /J Axa^ (|>ut5k AA ,̂) /J i 



( 2010-2009) ^ JjVl y-lijJJI J^ill aUS-l ^ j U I AjlaL 

^UfrUj : ( > j l l ^ . i i * fa*j :SJUJI feljjll 4 J 

04-02-2010 ( V b J ^ j V l : &Jl\ ^ I j j H * * ^ ! ^ 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

: (^11 ^UuVl) d U J ^ i l l J U JaSUoJ! ^ j ! ^ j ^ k u l l ^ j i j dJUU! U - M I 

1 8 , 

o 
m 

r -

5 8 

c i 

8 4 

UD 
r> 

ĵuĵ )!j r̂TlhulJ ajuijI 



eiL* 

J jty ^IjjJl J-*"!' ^ j j 

OUpU: ^jJl TO- /\/YA 
a PIĵ ji r 

jjjl 4—JUil 

AjjL-̂ l l̂t 
Jij—!l 

p = 200 kPa 

10 cm 
4 _ 

v . i 

Z + — = Cons tan t : <ji egi aJILi s- u i j ^ ^ ^ j otf ;u_j ̂  j 0j£> c ; - W J i j ! o J i -I 

.JJLJJ ^pyjl OjjJl y IJJL-Jl Jai^, p iJj'LJl ^UJjl Z u t ^ 

y j^Jill 4LJaI~Al SjIjjl r̂.U...J j f . J^A Jj-Ij\ SjJsIjjl (_£jill —s-1 

.I = bh3/12 of j.—«JLJ ^ t j J i j ^aiSii Jai^Ji j T r y U j jjUii ^ i , ^ ^ 

JD i 
= _ jj3pdV + ^/3pV-A ^ >JUM ^J - I oJ i r IJJ-I 

dt dt cv cs 

<*JaX« i—j4j J*}^ >-rJJrfi jLiJ J l S w l i 1 • • (Jl 0 • ' {y (jUail Ja*-/lil Jajjt ("j^^ OJj)l Ja-jli 

dVtj~J\ 2 3 ° C j-lp oU jjir juJi Sjij^- ot ojJui frJLj jUii ^ 20 m"' d \y ^ 1 0 5 m~ 

ci_Jfcll Jii A ;jUJl - W Jic p ji m = 0.5 p A I ^ R T JUb L ^ J^dl jJu^Jl v^ill m JL&I 

jUJl c j t R 

..jUJJ iilMl 5 j l O r j J T 

"2 J-j ——• Oĵ Ul vity 5 - < _ J 

Jai i j t f ' lil JjUil J^julb u r iijjL 
. Jl^LljjLTx - • i j y j ^jl-Ai JUji 

Ji j_Ji 

Ws SjJLiJlj Q 5jjISjJiiJl uu lijiJl jŵ jj" ^ilj Jĵ l iisUo. ĴutU-b '̂lil AiUai V^Jl <iiUil Jorji -t 

s dt cv 2 cs 2 p 

i ^.jjl \ jjl tij (^JJlj ^ i • • j* J^e-j ^ ,e JJS- c-L* jlir jUJlj Jvjy 

(, ^ I d j ^ A VTYn UbVI JISL.U . \ Jop Ov.j^ ^ r i r ^ l V N Y N 

uljj Pf (j jiiil AiOaJl j ' - ^ J • r Jj^-J Jy-z tSy—* ^ 0 ? . ' i ' / f l ' ^ ^ / f ^ 0 ^ J ^ ^ -

Oĥ -̂Ji Ĵ —^ (_s—JbŜJl ubj jl jUi. oLT lil (jŷ Jl SjJjd.1 SjOiJl jlJLi. ̂ —>-1 ilYT • • Lttĵ 1 

. , o 

Jtj—is 

u^ki i j j t ijjjf J ^ u <_j ^iUri jjuL" o j i jjAi (S = 0.8; fj. = 0 .003 N-s/m ) j w 

Laminar oU^-Ji ,j>p\ JjUIi J S ^ b ^ f y ^ ^ u i - j j ^ 1 • • U j k j 
: 6 ram ? f̂̂ dl Jjbî  

f v -
2 cm 

n - \ . i «Jaij Asphal ted cas t - i ron ^ is-y^ j o/rj» .,. o Jj^. jjjsj y . lijiy- jj 
.jiJLI Lou^. ^ j l S J^i i l l ^ ^ l j jLiUil J^j l 

J ^ j j y ,ui .j^ \ y , T y Y • u Ja i j Asphal ted cast- i ron i>. ^jS' ^jJLT Jb-ij JaÂ =Ji jJU 

ctll JliLi-Sb ô ÛL o-i-! 



t . W/Y . . ^ fUl l J j V I yw.lj.ill J«aill 2 i ^ U l l 
J .a J U a J j u I j l l J l \ CtfVl ' ^ d l j :5jU1\ A &t j j l l 5 
Y • 1 « / » V r • ^U&Lw j j l l ^ U j j f l l ^ 

(AAJJ Y . < U i j j £ ) AJJVI i l i u&l fciAa. j f r 

(jujjlSl ^ 4 j^j'lKj^ll S j u d ! — 4 Jaj> «\W AjSaljjill juJI ; (j-a . ^ 

£ O J T"T, LÂ J B J A TLY ĴJ C U ^ ( C ) -̂ALAL (JUJJJII Ac. ^ .Y 

J ^ Aiji^/Ail ^ o « j u u j b lila u-ujjjll ^jic-

V . « ac-j^ Ao^ j -^ ' j b b l j . B o^j j I I ' Culiill A j j 2 ^ 0 

Lo^lu ( j j j j t j l a jjJljAC. t5Ic. ^jjY • f J J s H IJ juj£ ° LaAl.i2k.i j L 3 j j j j l i a . Y 

JLU dl j \£ I j j i JĴ aLoll Ai j j la j (Jj^a JJJO: ( j j j i a jc- 1 fJJ > ^ ® 

tjjjAijLS », t ^ V j j j I j j j j L ^ j j j J I ( j i j i a (_gi Aiillj Y • • SjUali 

jjLoilb 5JjSla]t Sjjall oa.jii 

dJtfj l J I > J 1 

A-aialLa Ac. jjuiJ l i lJ^l l AlajJilj 5x.jjuiHj 4ja.ljVI ^IjaA-p f-uJjllj <jJJ . ^ 

4x. JuiJ 4-alS JJ-^i .Y 

(j-o ^ Y • 4iLuix i_jIAill j l j J l a y s ^Ull tiljauJ I^UIIS j j 

q * H . J ^ l k j l l x ^Ull - n . ^jtill j l u u JulSlI 

lil j a J L j jUilO jA A-al£ll j iaa ' Jal CuIS lili _ 4_al£l! ^jUli (j< • ..J _ 

A^al̂ ll f -^ j l - 4-aialLa ^Ull 

^IaIIU CLIULUJI L-uLi *-A 



t • W * • • * JjVl Jill 1\ - yt+tfl Â a 

(jbciui :<>jii Ajg t j j AJSxa ;SjU ^a Axijjll AJK 

^e l j j jLijl j Jl*iS2! 4-aJi 43Jl\ j j l l A-uU l̂l ^ 

y . >. >. n ir\ 

JJVI Alxurtl ĵJc. iis.1 

ftj-iSlI Jl! JjLuij ajJulxaJI Aluajil j <_u£jj ^ui^Uu:ijjJ) J-a £juii (I) 

ylilJ (Jljikl dja-aJ 4jiiijiijil f I ja.Sfl.JaSi ^ u i ^ u a J (uj) 

Jaja-« jj-»Ium AjujI 4iuaj <jjjla <jC yJj^S <>» AijaJI <JSi Jljj (£) 

/ sLaJI (ja 1 jl« f , o j a j j j J/J ^ o • « <1)1 j j J 4c.jui CulS Ijli 1 U Ujlai 4jauiI ajj|J 

jll ajSJI biaj| Ljiuia.1 j ajbSfl J J s - jiljll ^jjdlj 13 Taj ^jiUI aj-sSJI jl» *i Ujbi« j i j 

(uxla jl« / aj i • • • = jill (jj^l) JIAUM JS ^Jfr 

;<faaii ji>uii 
Ajpljjll liljljaJl ClUjMiSlll CP flSS (i) 

jVjoVl (T) jaJ|<>U*(Y) jaJI ajJS aflis ( \ ) : <> JS ui je (v) 

uujjill ute. T j & , j jfc ^ Jja.j 3JL». y i j Ai (^jJb jJaSj jlja.^jSJ pj5U| (>jll <jtS lil 

(jjjlLaJl yfi d ( j ^ i i j j (ĵ ijS-t'iU (_>jSj Jjfr ^IS jljaJl ch , j & , j AJVJj SijiSfl 

<SjSJ 1,0 = r j & Y = , j (^jSj (JjVjiSfl uual £ 

JI>JI 

Ljki. ^ji jjll AJV jtiSiai AijaJI JSi iLjjla (^jll ^ ^^il (i) 
i _ i ^ u i ® > (jijSfl j la i j ^ui t • ajlai qa^Ic <ULi. o . L̂ La JSj j j i j jUJai L ĵ i j a i , ^ <UI (ui) 

J y J c J Alui \ A L$J J j j ^ ylc (5ja.i 4Jiui» JJJj > I f j l A ^ i p 

•uiuakl ^ju t V JJJJII (jjJa j i l ^jjijj JJJJ ^ Y ylajja-- ^uj2 (Vf^1 

J-«J UiUJl c> % ^ • • Culi I j] j j i J I on - ̂  

%V . CJLUVI AXUUJ jwu<r . JaJaaJI (jjj AlUuJI CjlJa.j < Jc ^j i^J 4WI COS |jj l̂Aiil. ̂  liUUill JJC _ Y 

JI>JI 

(jJaUboll j j lj^I Jji-uu Aijjlaj j j ^ j l U ^iuajill Jji ^j^il (i) 

. ,V Lie jill l^lajli» 4_1JJ ( j i V jLLk dilJJX4 iuu j»jij (jUna. 0 . jaJI i-uJai ^Ic- jJS j j U 2 ^ j l j^(l j) 

liLajL L» ( j i j i Ĵ a dilja-AH ̂ JiSIIj ^jlaill f bSfl i-Lutiklj dijaJLS iAĴ Ull 4Cjuill i.uii-̂ t ^ Y. Y^/^ai 

« lIlULu 

^ j ^ j j I I j 1 'ill j '1 

J b i j jLo> /J & SjjM&jjI j_Jic- / j 



® O i l * ijl^xl*! 

JJ^l (^I j jJ l J - ^ 1 4-PljJ JUA AilUil 43yiil 4JJJ 

Ol»L»: j^^Ji Y «\ n 

1 
3-pljjJl L»Juil )V...3 

. o ^ p f S l i C f ^u'lil ^LS ^jf^L (—its' - V 

-kiJaJl (J (ij^l vU-jt t « , A° k^yS] Jj'L. ^jip ( j u r ^ (j!^5-^ J - ^ ^rV 

. \ Y (jvj^JJi (3 JJLJI Olf lil olJb-JJ ( j j a i j l (jy 

J l J -J l 

.Triple point of water «.UJ v ^ 1 ^kiJl C ^ 1 

. 4~>̂ rjSOl 4^jlail C - > l ^ ( J o iyr j l l — 

-:£JlsJl J l j - J l 

j V - v - J f M i s-ViV JJ® 

Pitot-tube ^ ^ 4jjjt f j'^.yJl J f.lil i p ^ ^LiJ -<_j 

JjLVJI ^Lijj! (3 ' — \ jljJLi lili JjLail J5CJl) ^ J p y y> 

IS 

J \ i j j j ^ l J ^ b s-lil ls>j.- ^ U i y = 20 cm i ^ V • y> 

(ĵ isLp jljjfc 4 ^ (3y jP J^4 J^J oLil (jjud 5-1 

oir, 
J l J l j - J l 

j (Aj'I Ll 01 ^ j no j ji » 3 4 — J 0 j ol i l iJl ^ j l c J l - I 
p F 2 

^^—Jl oj^jl J i i y cJjLJI Jix P tJiLJl ^ U j l J i i Z o> Z + —+ — = co«5 tan / : 
y 

4 P ^ J i i V ( JJ'LJJ 

Ji-iJL villi 43*>IPJ 4Ĵ IU ^Jjla^Jl c i ^ L i ( j ^ jUs^L; ^j- i l 

D a r c y - W e i s b a c h 4ioix» ^ c ^ ^ v l s ' ^ y i j w ^ 1 o ! j u 

. J > ^ ^IpI L ? s - ^ 1 <3^ ^ J ( j y i ^ dUi j J b J VtS ' j jio^Ni 

oi 



A-lkJ OliT isxil^a O ^ T JLJJLA 5ib> O b w l 

A ^ l j j AjulJl A3yJl 2 PljjJl 3—-IT 

OlsPL. : ^ j J l Y • ^ »/Y/ > i ^ j t J l / . I \ V ^ 1 ( i - i 

2 hJ&j ^ S y J\->. >>J OtJu l l J i j oMT J iaJLni-J.1 OUeikU aaIsAII ^ U — I 

. 4 J J T O i j l k ] l j AJU ajiijsJl 2LJU1 

JaA i?) • jA Olj^b Jl^ll ^Ja-i $.1 jit Jaiuis OlT 1515 *.ljAl Jbjuaj yi t • a j L i j - o 

A Ja* JaJlj ^ «> I—ftJaS AnsS Jji^l AP^i Ai^P OlT bjj t Jijil AjIJj J ijyr 

yr JijUfi £ JJLidl XjU JUf. JaiuJl OlT lil lAL5>̂ Jl gyB jAj Ui V = ^2gh 

- :ylsJl J l j - J l 

.5.1 j i l j U ^ I J b ^ b V-J^A1 ^J^l iAlAJ\ JJtAJ VbJej _)b J^1 

j, »£ . j t joUiJ l J f i Jn j \ j uUJ OiJ 2jU>t CJ\Tj A P U / ^ Y,> vb>Sh ^ 

CJlT bl9 ji <\ » • AilJiJ\ DlTj AiJi/ j j ^ ^ ^ • UoOPj 

J JlJ.1 Ojj— S t UJb > o JA 5j-p J ^ i gJUll c J j j l OlT bl9 \ , Y ^ Ojyi i 

jojJl - 0 .SJb-lj Ojju I f A j j r t As-Uil —£ .oJ^-lj OjjP ^ J > j -V .JijJ* A3^ - Y .OJJ: 

.OlJli A £ • J i jJ JLil O j j .Jb-lj ol-vi Ji^J ^^Ua! 

- :dJ \ jJ i J l j J 

. JljJl j o U J Ak-ilJl JL-ll O iy iU l OlJ_I l J I J o i ^ J 

.Oiy ikJb Ji jJ l j l ^ r j J t ^ J l J j i ^ a J l j ^ ^ - b 

. J y i i l ^ikdl O b Aldl AXJ^LII CJ\(JJLiJ AhjeJ y ^ I -

Ji^—Jl ONbi (^Sajj Ji^Jl O ^ U ^ AjPljjJl J i jJ l j u U J AiL^ll ^IjlSl ^ b . - . 

. Ji^Jl o i 7 



ĵjaJ 

X O . / X . . 1 v - l ^ l J - i l l dUS-l ' 
r . w*/> ^ U J l l - ^ I j l i ttjM 

Ajcljjll i^a^ll i jvMt A_»£JjjJljA (liVI :»Jl*ll * ^cljjJI 
CUcljjJI OujjUfJi fiouaS 

; J j V I J t > 4 » 

:UaaJI p^uxi fr. AJbll jUOl (x) j l (V)^U^g frua(i) 

Y ^ / ^ ojSj Jjlkall AJai^a^ti Y j W f * * • ,®T1 ^ U l l JaLJaJI ->-

p b a l ^ j - u u l l o W b a l e > , ® t j A J ^ J J I J L L u i £ ) - » J J « » A ( j ^ c ^ i c A J b i j y l c ^ S l j l l h i . M l - Y -

> , > i jaul! 

f l a i l J a « - u 3 j i a A A j l j J a ^ V I ^ L i i j l j j l a ^ ' L u u i L a ^ J a L j ^ L u m ^ S j ^ -

j i a c J a T • • y A j a I I Ajua (j-usSl o^ ^ j 1 - " 1 / f ^ ^ > ^ 

y - u a i l u i _ u a I Y ^ u j I ^ S « , « £ Y J j i u u i l l l , j j A i t s j L a j J b a L u a j • , A i n ' l l l A _ j j j J J L u i < n l A a - u a ^ i ( u j ) 

i — L 3 - U i l l f j j i u u s J j j i J j l u i l l ( J A A a l l A 111*1 ( j i ( j £ _ a J £ l i j j l 

i^aill J l > J l 

t ^ A j J - ^ 1 O^J^. J - ^ f ^ W fr4 j'-wali.lj (1) 

SfLil ĵl Ca-ale |jj j j a ^ Y £li j jV J-aA, j l / j_u i 0 Ja*_ua iluu fLa j»JaJLuy JjXiA O ^ J (v) 

J A ^ J I Q j j ( ^ ) : 1 A x A j a a J j j ^ a Y < « < j j u 1 A 1 I j l a l J % V 0 ( j i j j l l 

•j^Jb'jAaJI gij l fJ5UI flail fOL* (Y) 

J l > a l l 

L L i a (2)1 C x a l c b l i f w u i V 0 t i l j a l a l l ( j j u L a J I j l a 3 j ^ t ® A j l J j j J j A L L J a SjLjJ A J V c S J * ^ 5 1 ^ t j k u i V I j i a i i ( i ) 

A J V I ( ^ J a l J i l l A _ U ^ r . . ^ j l i J I f - L a l l L i U a j Y ^ £ o A J i U J i l j J I f l a i l 

£ ) i I A _ j j l j A « J ^ 5 J _ a j J L a A ^ U j j V ( J J J J J J - L S ^ Y A _ j J j J _ a a , j l I j j A j A A t - ^ n ( u i ) 

C j | J j L S l L i J f c u x a l l S j b y a j j i l l ( > ) / j l a « , Y j a L u a J I Ax j j j j 

A j j l i U L J a x I I j l ^ j u ^ L a l l J J u u u ( > j ( Y ) 

A^IjIU JUacVI Jjitall <>jJi ( r ) 

cu jlillj Clllixall L-uki ^a 



X 

^ :<>J11 Y O . / Y . 1 ^1/JJVL J JL J-ILL OL^L 
Y \ . /1 /r i ;jujiai cs-i'j^ J ^ 

t>ljOllj jaaJl r^V 1 P 
cUcljjJI ./OuvuS 

:cuj\JI q l i ^ X J I ^sJLc 

UI4juuJ1 

il^xxJI J j j j c M cUjj^UI «wJ>̂ ouuJI 639 j jJLc.a^^xJI Jxils^zJI ,jjvj3>IO Q ) 

.dJJjJ CLoJdtijuloJI o \ J \ i l t>£bLo9 cLC^cdU 
e e 

g o .l_sJ\JI s J b J I jl(JJ> J j xC ^Jjioi ^uJo^jJI g o (T) 
c e 

• e jJVl v-JbJI O 1.IO.>JOJ cLoJUicjoJI olcxjjcj^ajjl /x^i l 

i y S u U l J14 juuJ I 

,JJUO CUJLoJI ^l^joJI J i i j ol_>j_0003 Cb_uJLj>JI ob^SuoJI 

./XjuJ^I g o _j9o-juoJI />ljL=fcijJjlj V_oisJI ^13x13 VS-S^I 
c c 

J j > b ui isdl gJj^jJ cLoJL^LjuaxJI «JJLs2joJI £[9; I £ > j j j J t j (T ) 

. q j ^ J J I oLuuuuo 

: C J U I J I 4 j u J I 

cijoJd^^juULoJI o \ J \ J (3 o lg i^J I ^>j>iJI g o /XuuJjil) &09 0 ) 

V9-peJI g ° VS-S^I iJuilJSJ o \ J | ,>C 09_>2jLo _>Si>l (T ) 

.g3i_>joJI v_svjlpj\Ui _>J_JUUJI o l i X̂XJLJUJUOJI 

: r # I . J1 J l g ^ u J I 

oJl J S olj j jouo (jMxAJI g J a i i j o \ J I ( ^ i J U ^ 0 3 0 ) 

.I^JLOIjc^laxiIS 
c 

villi cuxx&l l jv^) lo3 sSj3jJI u ^ t o J I s jjjx.oJI O ^ s j I O (T) 

.ctJij^juULj^ cLcau^JI cLc>UI QXI 

^ l i tl^U. /̂ V 



jll «Ull juolj 

oUPiu. :<>JM Y ' U A ' ' 1 ^ ' / J j V l ^ l j J l J^ i l l 0U1.I 
r . A ./ l /r . IgiJui\ jJl ASjiJl 

ijclIjjll ijuill jJaJl jrUiVI -^C^jjl cLkdjjJI q »>\»|ll us 

: J g i l l J I 4 j u J I 
c c 

d ^ ^ o J I Jjol^aJI /5j3>I gjo cLCjjjoJU il^oJI JjLi 1_svj3>Io (I) 

639 ^jvjlc 

o \ J \ J l 3 obl^aJ^JI jjL1cl> V 6. Wk 'i o \ ) l /y.K:i 

i u S O t J I J l ^ g J I 

. v j JVI v J b J I j l p ^ s j CLH^jujjJI cl.pr\JI p^jjjWj £uJo3jJI 8HP (I) 

IgjolAitijuLiI jiSL; ovjJI v o - ^ J I oLjo3 Sf-XaJI tybsj /xl5u 
c .JJuASU. JU I & I j o I 

: C J L J 1 UI4juoJI 

J ^ a s J L o \ J \ ) l l S J o I ^ h ^ j gjo 0 ^ 0 % o \ J I ^ j ^ L o (I) 

gjO 

o L i c » i x J l 3 t U ^ o J I c u j l ^ j J I o L l u a j o J I ^ cL9>S2JLO ( v ) 

gjo oLuuUSuJI dL_»Jj /VI013 CLuI3Jq_>ju\)| «Ujlj3jJi 

: R J ! J I J I ^ J U J I 
c 

C I J J C X & L , _ S ^ J I I L O 3 S S J 3 J J I ^ Y X A J J ^ J > < E J O J I , > C 0 9 > S 2 J L O > > I > L ( I ) 

.cbJj j^j juuJb cUja^JI q_jj>LJI ^jjq .iJJi 

. . ^ j j i t l i l gjol3^D3 olc^3l->.i.i.o.JI ^ p J i i (»_->) 

l ^ K o ^ l /la. 



. . : :. ..:... . 1 

i L 
& 

jLk-L. Y O . /Y . . 1 J jVl ^ I j J I J ^ i l l J ^ 1 

T - W V Y V ^ j U l l ^ j l ^ l ^ l u j ^ U l .A; 

C U U I qJlLuui l l .jsJLC o ^ i 
Jlq^uaJI 

( o L > p o) -I 
- lSjI_pJI u l j i J I - qJb-ljJI qSlkll - L ^ ^ j V - <v5LuoU?iy)._>5JI ciJUJf 

( o L > p T) OJLcxc v_SOLC J3.n-JLI LfijjSl^j <^>1^1 .k^^JjJl ijvib Lo -uf 
^s^cs-jJI uLS J ^ > j J I — jLi l . H ioa^D AJLC £ > ^ 3 j b 1, •To joa^o JocLo j l c J i ' J j -_>'. 
jI-Ulou jIkJJ _̂JL~>.|_Ji 09lkJ| O i l j k c U J I J > b ./xstS/Tp ulS £3>>JI Jul£§ fidfSii/i 1 Yfij jLaJU 

{i-^JI q_9lb - \ I T jLaJI v^JLC J 3 W J I J ^ J I S / x ^ / J ^ ^ J L S ^ t ' - ' 
<3_jjl_pdl O-SUoJI 
jlsJI jjjo 3! qjjl_pdl qslloJI J A 3 jlaJI ^ p\j^r^LS J U JacLbJI J > b jlaJU qJ^aloJI 

( o t > p V) . Y ".a f • , '•• 

: liS-iLJI 
( o l > p T) qJbJI qsUaJI lituS 3! :>A> -! 
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<*_jlliil til^xJJj jxjo) o A îHil • JSI dljl£ Ijli — A-al£JI A£Ji. ^jUll 

sAA -iji ̂ -i ' j^-aJ j j j — A^nh'i'u Ac. judj 

^LaJJL CjUlalll t_uiai 

Ai j j I .J 



1 

o ^ l ^ l l j JLUlbJl o ^ b d l Oil. Obwl ^ ^ ^ 
4 el . ill A 

AllmVI 

(x + 2y)dy -xdx = 0 ^ l i H i ^Uli - i 

y - 2xy = xy2 

[xy - 2> ' 2 - (x-2 - Sxy'jdy = 0 

( j r - x)t& + ( j r - y)dy - 0 

/ = V ^ T 1 " 

y " - y ' _ 2 y = 4 - 1 2 x - 8 x 2 

7 cJIWI 

' 11 • .m ji U.,ij t "i w i - . II JajjLu) i A-uJajS/l AajjLiJI UJ^ • nil (ja »J ^ x i i — I 
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AaaL âJ! s-liill 

A_l£_yill j l j i a J J ^ g J j ^ l l j (JjA-ajll CjLaJaia j j j J i l l i l l (jo 6A Vim'VI j^aJ j i ! Y 

(Q) Aiiilall AijlUl <_)lai=v 

yjloll J | > J | 
(Ajcl j j AJJ^a) OJJ (_5JIJS. (jl >1 (J-aC. j i a j jJJ , ) 

(_£>*-ll £ In..ill j j j ( J ^ J b ojljaJI (Jbljl _ ^Lc.L> t̂ Inm ^io 2_i3l_Li JoJill t (ja Ajt_ka _ Y 

. J l >H J & X j 1 0 . j 1 • LaA e-Lallj <.tl»M%ll J iml l r̂ i-imll j J J j ioi^all e - l . u'^ll 

Jil l (jiLa-iJill 4jt_uji o j l ja . j^i > L-uiiJI (J^olaj « (.Lallj ^ Y O Jai^_al| filj^JI o j l j i . 

J j ^ J I J j l_lLiJI Ojlj^JI (Jliljl (JiK-a j j o l—lLiJl (ja •» ihVI (JaI Vn T^/Jalj Y ' ' Ia jl-lla 

Q, r Cw AiUxJI liiLa (Jjxll j=Jl jJoill i Si.Vn Jjj-LLall .V 

dJloll JI>*1| 

Trans ien t heat conduc t ion j l I J ^ >11 dLj^ia j& ^uS'i . ^ 

Jllljl (_UU-aj jjO . . ^Lo CijaL ^uj) < jli'<ii Iaj-oJ V i—lî all j^i ojS _Y 
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Fig. 9.2. T r a n s i e n t tempera tures in a sphere. 
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i * j i i i J i S-UJ! ĵ-IJLAI jju JU1! £j> , o \ ? r uyjio AP^ 

.Jj tijii 

? Y J-f- Sjli jj WJ j -UP kS- O-Uj - \ 

?Y ,0s jli <s ji—• J ji h ^uL'j^i r O) jli j ^ii ski J p i jup -y 

jJi Ji j li 

Jjujj 1.2 m J p ^ ^ A (t-J-i i f -y ji iliS -̂Mi JIAi ( jl— J a J J^JJ' J 0j£~Ji y AS"ji~\ ix; - i 

. B (t-J-i o ) j 

j l y p—jt-. jjjJa^ajj Jai-j < Y ^ j l l J ^ jJi) J j j f l i Y • jo: J iJJl J 

JS-J^ J^ry i 'oj^^l Ju1! Y jl' X* jljJ \ ' . IfcJU- JUjij y»lj>j-> > • • • J^Uj OV̂  Ijl I Y jll j 0jSL 

. Y jll d y j XJ- JijS"UJl 

V 

20 w 

I 2 | y ' h >r 
x 

2 in 

^ Work piece - T 

T 
40(7 

i 



Y . ^ . / Y • • H ylitfl gruitjlSl J^aiU ytgjJl (jU^Vt Ajfljl^l 
jUc-Uu ;<>«jl) ujUJabjJt ^ *L&tjj]) AjIS 

<U&)jjlt j U g V l a j b i gejiUjj - 4 j J l \ u^UaJ j j l l ^uU^J) 

Y • \ »/*V /Y • J^Vt ejAa& j j ) ^yk- Aas^ /J 

cjVJU-^I <> t i b i a l ^likluub (i) : J jV I J t>J ) 

3x - y + 2z = 7 2 x + y -2z = 1 4x +2 y -3z = -1 

|j| (uj) 

/ 2 3 
A = I 4 2 A"1 AijiuajJI Aijii 

(jjj AibUJI JiLu yjJIj y = m X + C Jfo pjSlu" .ki. AjjUua Aa.j! ^jLuill CjUjjaII Aijjk ^tiiluilj 

; ILii>i(l ujULuJl (ja x&y cyĵ *-̂ ' 

X 1 3 4 5 7 

y 4 6 8 10 11 

till J I > J ! 

(a) L i n w i (x9+1) I (x4 -1) =-9/4 
(c) Limx^ . (x3) I (x3+8) =1 

(a) Y= (3x+1)21 (x2 - 1)3 

(e)Y = (e4x){1+(1/x)} 

(a) j (x ) /^(1+4x 2 ) . dx 

(c) f (1-x). (x1/2). dx 

3 

(a) | (1) /Y(x+ 1). dx =2 

ujULgJl k a CjjjI (i) 

(b) Limx_ 2 (x2 - 2x) / (x2 - x -2) =2/3 

JIjjU dy / dx W 

(b) Y = in VTl+ix2) 
(f) Y = (1+x2)<x) 

(b) J (2x+ 8)3. dx 

(d) f (1) I (6x - 7). dx 

(c) I (1) I (2x+3). dx =0.5 In (9/4) 

(JjiSjjjLl UjLUAJ 

JJ) ^jki A^js /„3 

2 

(b) J ( x 3 - x ) . dx=7/4 
1 



aJUUII AS Jll 4jajloll 
(jUic-Lui jbajl (jŴ VI J Ajc-VI A-u-liA 4c.ljJlA.iK 

Y • \ • /1/Y . jjUlV!j A-bc-Vl fjic. A_icljJI A Ĵlĵ ll ̂ jjS 

-.-ajjVI *llu.VI (jc. 
_:JjVl JI>JI 

uJlLtaJ Lat .la i.. ajin'vi AjLqc. AjujLujI J c . J j (_£ jll ^g-aisil jjjLuiYI 
^ . ) UK 4ilaij 

j -a AjuSJ / Y » « Jiit-aJ JJ.I..Q.C- J 4_Laila (Jj-> ^ni ^jMJl lil j ^ a l l a jJ3 -l_l 

Aflill (jLj Laic. ŜJUO \ o U j L 3 SjjjluLo (JaJj j l a Y ^ l a i j l J c . A-lj^aJ Jai. J l j j l jL 
o#.Li£]lj % V • 4.,-jliljjJj^JI e ^ L i i l l j 2_ iJ I j _a .Lc.1 ^ 

(CllUkjJ ^ • ) j l a / V • ^ ^ J l l ( j j J I j °/o ^ ' 

JOII Jl>all 

. ^ J l £ JJUL U l l J J jLjJ 4:lU.,-iti J>Ija]I JSil AillkJl cJjLuiJl j £ j l -I 

( C j U j i V ) 

t ^xjjj • , V Ljal iS ( j i J a J (J Vll (JAILLLUJ 4_AJJJ1I AĴ JJJI JJ ( J i -i—J 
j J a i j ĴUI Vc> 0j_LiJ| J j J a j l |jj (Ac-Lui / J a l b ) A.ajjjll JiijJI J-ia-a 
J a j i ^ ^ .4jjib/ A.il Y 5 • <baJjJl (jljjJi 4c. j jui j jUaiO aj-asJl Ja5 j ûi Y O ( J J ] | 

(CjU. j J A) .(A_bailLa]l Ja J Jll 

i_sS ̂  jl-lj,. 6 JlAiil (J-is-a (—jLjî J Ai^lc. y-lTn. J i^iiS jijul -I 

( C i U j J o ) 

(Jj i .n j l l j Ŝ-UJY IA iiLa_ujj ^-jjA (Jaj-lll JaS (Jjlml (julVhuVI ajjxuLa -t 1 
jla t « J c . ' i i^j J j •Ajŷ t- (j-a j b o cj^l .̂l-s'inl ^ / ^ J ^ V IgJ jl jiJI 

/ d l l j • , • ^ a jl_j=Jl Igllj^a J Jsla-u j ^JJI V 1 ̂  .. 2J jtc. A a iU. 1 aj j^Lall (J jx3j 
) o , J i . l i l l .̂iajuJI Ajwĵ  CijlS lil a JjijjLall J!)U. ^ j l j^JI Jail I (Jjs_a 

( C j U j J ) > ) O . ^jUJIJ 

J i l l CjLjj-'IjjII ^Al IskjJa ̂  jLilVIJ Ajjc-VI ^jLu^a AjjJlIA {Axl liLsJ î-a uSI ^ j j l (JI_juJl 

(CAjz-JI ^ • ^ J l l I^J JS-i^ ÎjL Î J^^J ' ^ J J LS^ J ^ ^ '''''•-

^LxillJ (Jl9jilLl jLlLaJ jX-o 



<_s_j\_i-ai\ •>j <\ i j l a j l i x j ; SjjLa (jLaJLal 3_S3J1ol1| 4juaLa. 
jlUc-lu; ; ( ^ ^ j j (JW1") AJUIjII AijaiS 

Y O « / Y N : Y O . _ Y . . 1 ^ U I I ^ U I I ^ I J J I I ^ 

Miiufcl CP 

: JjVl Ji>JI 

.(jlabjll (jc- AijxJ La jS i i j lg-La (jJbjxJl jA La j Ajj-aJI ^̂ A La — i 

_4.La.iV I dl^jJailt QA (J/->KlU AJJLOJI AijiaJI ^ j l l JjijI — 

Y » iiLa_u) CjI C- <La^-a a 1 X * A j j j ^ I IAJSUJI 4ALU>]I AjLoijiJl 

JA 0 jAJjoLa 

bi ^JLoijII t i l l i £ j tSLî uu ij.ii t la Y ^ / 1 . . SjAi UK Xoa. j ^ 

j u ^ . = Y j J . . I V = > J cUaJI ) • £o = Y<il J « . r o = ^ j l Cxdc 

^ j l m i l (XU1J Y^ajj) « _VA AjtiaLa A^.LaLa ^ » j i a S ^rjLiil 

( ^ . J j r . ) ; J t > J | 

t" , V-. alt j - a ( J ^ a l i o i t A-lLaC. *La l-s ' lm .nil < i l i i L a ] ! AjLuo-aJl j j S j j j t j j i l l f - " 1 . ^ ^ ^ . J ^ — ^ 

.elxalb Vllua JUL-oaII ftiA (JLj q\ 1 jLol j 

.i—ljjxll j KlK^I AJC- lA jlixLuil i—laJj]! i a j j j i l l ŷA La — l_l 

lit J i x J l -LXl (jJI A j ^ a j V l -la^b (ja TY « 4&lijjt (JjUal ^Lo ^UauoJ -iljJ— (T 

.̂ uui ^ 1 <LaluJl j jXuJ r v • X v £ • ^JjoJl JJJ (ji dLalc. 

^Lxjlb CLlblaHll £-a 



CPs.lu. : ( > j l l J & l ^ I j J ! J-aill ( j l ^b l 
> • / V > Y r^jjUil Y » > «/Y • • ^ 

pic. _ j i l l 
AjcI j J :SJU1! <*as 

cur.\jjJ\ cû JUfJI 
;4_uVI J o laa-i 

1 0) . J ^ I J1>JI 
4 j o l j J | Cl l j l j^ l l <ill^oj| CjlaAioliill j o (I) 

( j j j ia j o JLijliL^ ( jL^x V ' lA jlALs ojJ3 (Jlj "Ujlj jJl <-1)1 jjfl 'ill (_£Aa.l J 
= ..'luill 4_LuiS dul£ lila j/(J ^ Y > « 4X.JJJ1J J j A j j pjul V < lA JoB OjUaj ^ l inu JLaJ 

4..lm.,lll aJA J o (Jj. II ^ j^Ul j JJ...U J-ALaJI Aliill i _ in^li 
tjaj (JjLjjj (j-Q AJLjoijS ( j a j j l l l j "Ua*J| ( j j i j j l l (ja ^ ~lVn n't J x j ^ j l (jr) 

pxu J b lilljbJ 1 -. > (JJJj-aO (JJJ 0 jAaJI 
( ^ j J ^ O) Jl jxJI 

J=».b (jljii.1 l i l j^aj 4_LuiijJI f.1J=»-YI -laai ^ J L l j (I) 
<*jji l^j ojiilxa (JW J=> O^ CSJ J l l i l j^a (ja (Jaj jl JJ (<-TJ) 

4 ^ . >i /ill j l j j A 4o Jj-u CllilS bli ( JSjji ^ ° lA 4 .1 o i„uI o J l l j Ii k/i ^ jLaLi.no 
' i.—».U j i a 1 Ia J jLa AJK Aibu^d 4JOLUJ / aboil (jo i A Y1, O i j j / J ^ 0 ' * 

jLo.. a.a (JS ( J o 4j«ilJl aJill 1 >>J i—Uu îj a j b ^ l Aj-ao J o ^jjlJl ^ j»J l j l^-lli ejAill 
(i__i*£La j i a / o . . . = p.Lai] j_JI ( j j j l ) 4 L J l J 

Inll-iVill <LaL*_ll eAolall j £ j l J £ j i l l 4̂ 1,1,1 ̂ UJl JoJa^aJI (jo j 
^ o) J I > J I 

: (I) 

j l i=JI CLll J-, oil A -\L.ii LailJ JLi.1 j I. J o ^.JajJ (^.j i- ioll L_libJI oil (jIajI . ^ 

sUJjl J o V j (_J=>jVI J o j^c. CLil_̂ x-aJI ( j l i i l • J V . Y 

AjoI j J I CjVVI ( ^ o j ^ l (Jii! "UljjS ojj£j j j J ^ I j CLiljUall 1̂.1̂ ,'iwil .V 
-Lxk Ajjl j — ClSJl AjjI j — JajLjJI Ajjl j — J l j iu iYI ( J^ l < J j l j ; J J La LJJC ( v ) 

^ j x J I 
JaO 4_liliiJI <oLuJI L̂aJ J j ^ j j j Y ^ j»jJ ( J AjVI (jAxi] (̂ .Mio.liill ^LajjVI A-Jjl j '"'^1 

.VLaji ' o i j j ̂ iU —1' Y \ oAx —'V \ p jSJI (jiulir I 
('La.jj ^ O) J l (JI>JI 

A o l j J ^Vl K.l' A i j a ^cli-bj jj-a A o l j J I 4j| ojjLoj (jo La jSjl 
AjjAS J_>f>- <JbxojljJ ^ ^ ° (JS (jjj Ail .Liollj Y • 1̂ -31 >1 JJo A o l j j aJI (s-1) 
i jbl j jAll J ^jl » >ill dia J l (jl£ b b AoljjJI 4_lLaO f-biil <obu/^£Y' kc-j^ j j I nj (jl > /-Î . o • 
J Lj-aLajj (jS âJ j J l ^ .Lu^l H„ w.itl .dllc-Lu A (JjxJjjll ClloLuj JJOj %YV CllLxX-aVIJ 
La ( j iaJI VbLaJj ?<olj_JI f.b!il 4oLu:/^£A 4 o J o JJj-u]l j l j a J I IjA «jl-ihuj (Jft t^ jJ l 

.CjUbj (ja ijLa J j 

. t 
7> lib CllLiXajll • »|UI 

( j ja j j A<LS.i / j & sjJ^O Jjl J O AA^I /J 



jUiclu, : <>J| f . > »/Y » * J&l j j ) J^aill ^Ui,! AJ j1A!\ Aj^U 

SjlaJI 4jC.|jJI Luijj^Jl jj-ui 

^ 0 J I J j j JS) 4iiu,VI j c utj.) 
:JjVl JI>JI 

(o^Ujj oj j l j j j c (Jj^jiii i^jjjc ^ U - jbiii ^ J 
(JjLs j j 3 ) (JjSjJI j Ulj J ] 4^asj j/i CllLa jllall 4,ll»<a j!j J l j s j Ait iijjjJI ClLojlLxll 4̂043 As.ji -̂ -J 

,J jl Jj J c Cjlxoill £ia=»J ClljS Y Y • £jiaJI J^a. (ji Jdl _ J j La£ ĵ iLo J (Jaa. 
J l j v • • ajJS CjLloI j — CjI j ^ O • ijja ^ o _ Cjl j ^ < • ojjii CjUal > • _ CjIj V® ijja d ia l o 

' I 11 ll̂  I - j 
CjI j jlAlb j£ll J^Jl -V 4c ja^a j£l jtnll oAji - Y 4c JSLl Aa jlLall . 'l 

(CjLs j j O ) 'ifLi.^1 J ^Vi..-all jlAill oA*5 -£ 

: j l i i l Jl>uj| 

( ^W-jJ -i 
( . J 
( (jlis. j j j ûl jll (J n) I-iIjjiaII jic ^A la -Y 
( 4-s.jJ ) jl nil J c ^ >njhUxJl jLs-all jjjlj La -V 

l_lloall lift J L l"tVl Ji!j • , • 0 jA jxul ^ o ji-iqi cSjMj ' 'l-al ^ . ,nl-l (jiliall (jlS lil _l_J 
(CjL^jJ jla JSJ (jjjdillj (JwsjaII IjA J c 0Jjjĵ ttil sjlll As.jl J ? j Y • • . 4jAu> jlii 4jj j/y (J^ojo 

l^JJi 4jjljA oj^j jMi. j j j j J 0 ^ • sLLxĉ  3 ijIUAII 4.)i.n;lnU)mll AjilJI ' iJl 

r 1 

: dJlill JI>JI 

^ CllLs. J j £ ) (ĵ JSJ i il'sj CIjI Vi'sall j..i1all jliilb V n*) !iLo -i 
( V " j j V) ^ W "l.all 0 jjill (Joljt^j ^ l-oll (Ĵ i'.'l (_|>olj*-o 4-alS j' —1 

, J jJfai 0 J j ^ ' (j-o jlj^l (j^i^ Vij • 4J i__iLo (jSAii jLii _ ^ 
V Ja JAa. j 1 iUH > 4''l Vu.-oll ti! J j As. jt . 4jjlii . , > s 

( • ^ ? ^) j l J ' ?jl^ 
J js-a L̂ulj • , ^ 4JiiljS ^ (3-=̂ ° tŝ  / ^ Y > • • 4c ji^j JJAJ 4il o . ^ _ J 

T^a o . . . I iLojl clllil (j>a 4iJ JS jL^ail Ja J c ^ J j^c .. it̂ il jl jjJ 
SaI jlall lil J (j (J? J""1^! 4juill -V sjjaII (j^ j _Y JJ J l - ^ 

(OUjJO) cil J (j ji^a J » J (_Sjll JjJa jll (ja °Y" • 4jjl j j l_iiall (jljjJ Jic OjJjlall lil J (J 4̂ 13 _ £ 

:jj|jll JljuJI 

(CjIs. J j Y" ) IjjAii (Jjlli ̂ lU'iin't j 4jjl, ̂ ir.yi ol jUill ^ la -I 
( (jlls. j j ) jlail' As. ja tl jsl JJc. (_5jLuU -4 l l̂ iqll "0 JiiJI La -i_) 

wJ j3 Y Y . sAjs JJ Jxa jlii j V na J—a j jiA ' , ^ 4jLŝ i j ^ ji ^ • 4xo jV I 4ILo jlia ^ 
; As. jl j 1—iLoil I J 4jjj^£]| 0jjIa!I — j3jA • JJ J l j 

(CjL̂  j j o ̂  II j jljjll (jiJ jjkjl (jj3 jl-p)' oAii -Y i_iLJI 4jlci j AjuLaxi 
lil J (J 1 |1.|-»I (Ĵ -a ja (JSJ Cil j3 ^ , o lil J Jj J 3 3^ j-a ^ ' • • Aj £ j j jl^o - J 

. illIIj LŜ s.jall i. «UI 4jLs. J j j ^ ' J"=>ja (J$1 jljill j jSj Lajic oAlĵ ll 4 iK|l 0jJlHj 
(CjIs. jJ 0 ) yLoball »JA (ja 4-̂ Vnni'i (j! ̂ jWinn La ujjSi Ull 

(c umtllillilil -s ill j JLl Cjliia^l V-llLI 



Y . \ , / Y . . S ^ U J ! flail J lu l l j4ll c M i l 3 j f l jUl 
A j c l j j _ J j V l j i l l P -b j i :SJUS1 I e l j j l l 4. 

M < / V 1 r (jUcLuj : c > j l ! 4jel j j J l ^uiAlfll p-ui 

(ja (jq-s'i AUJVI ^hVimb _ ^ 

E = 0 . 5 m v 2 + m g h ^ a j I u ^ 1 c s ^ ( 0 
j - o j J I 4—1 V^J A_JC. TTJB ML A_*J .1 NVIL ^ Ŝ U-xiil l I \Ua flVim j (i_j) 

S=0 .5v 0 t 2 +vt 
La . pY • 4jLui-a ^jJI A • • 41ili£ ClI j jLS) • 4jjJ13 l i l j ^ a (J^utiaU , Y 

?£Sjll 4_aLuJ ^Jj^UI (jxijll y , Laj tilja-all <Jlu ^ j j ! JiJi l l 

(^UjA ^ o) J | > J I 

A t \h . /-i I jj.^i'ill ^ jc- j ^ a j ^ujjILJ ^cAiJajlH j i j _ ^ 
' . 'J' --'"'-" -4 1J )->'l i n a 

_ AJIUI - IJAIII - JL&IYI UaSj - U j j ^ l l JL̂  . S t ress- Strain : yA) La <-iJJI . Y 
JiJill 

(J A (j-a JJAJ j 1 ^ 0 -̂La J j U l jiall AliS j i a ^ , Y <]jia I , U' . V 
^jJj 4_2jib/Lil ̂  1 * • (j-a J l jJi A o jAJ (j-° j ( J ' ^ J A^nhTia A_Lsl*j j JJ-^-a 
ojjjill IAJ AjJaiJl jjuJI IL-Ux^jl 1-XgJ J l ^ l l JJ' pjc. H_J|.I1̂ I Y • • < 

j b b l j ' 4c. Julll ' 11. III SjIJV ^a 

' " I a ii (Jjj_aillb ^ Jjil — J ] J j 1 ' 4-jjh'^ Ajbtll Cljliliklll j'svt I J^j l . 'I 
^ O (Jjs^iJ T « *bjl_>J f>A l ^ J» j j j o :La (J^Li. i j j j ^ j pLa _ Y 

Jjo J pjj Y o J w l l 1—ijU! Aio ajjLuLal] jJaiSI j i Cialo bj Clj/̂ p 
ejjjaibJI J J a (jjj Jai-oiall J ( j J j l t l.n^l _ Vo ^ 

( ^ U j J ^ o) j l l Jl>uxil 

l a jill j.VJTAl A i j a ^ j j j l _ ^ 
(J)i z-ijlll (Jab-aj ^ajj ^ • ^ZkjLaJl j ĴJJ O ^JLIJJI I lL̂ -all j x 

(Ĵ iLst-aj pjuiO 1 ̂  o i ii (J jl*Jl j-a AJLlLli ojjujLJI J a i j j lil 'p/dllj0 < l^J ( J j l j^JI 
O ojj^Lall JLLIaII g l-ii nil o j l j^ . .lil'p/Cllj • , ^ l̂ J ^ j l j ^ J l (Jal-ojj]| 

j i a (JS3 oJjiLall a j l j^J l AoaS t..l>».-\I J Y « J j b i l (^ . j l i J I ^Ini.ill Ojlj^- "U-J^ 
« ^Sjj^uLall (ja J a 

( (((i (fLzJJL) thl I M III l j j L I x^a 



Ajtjl j l l ASjil! Aj3jiall A*-aLa> 
j l ioLu j-ojll Ajc-ljjll ^jii-saj AjluJuA ;ajLall Ac. I j j l l A jK 
Y • 1 • /"I / > Y Aj&ljj l l A-uiAî ll ;A_auuj Ajfclj j l l AjuiAî JI ĵuiS 

Ailuo^l Cf 
j c . A i j* j La L_ySI - ^ 

A-aJjjll SjJai. - j j l j j j j ^Sj -C-JjUv.^iJl jLjjuill — J i l l ^ jLjxul l - j l j-aiuj^l 4Jbl*-a 
(CA.a.jJ ^ » ) 

l AjJall Jic. A_jj\j V « i & j j i <C. J-uU ^ o J a J j l l l&jiai ajjjuiLa (J^UL (_£jJLUJ (JJ -Y 
. ^1 Ij jJ j i ^ a V l 

Jaall a^i I j] ajjjaL&ll J j l a jJJ jsJLJall J (jjall t-iua^l _ jKVI jL-'ati J i l A (JjLJI <C. jjoi j 
â—uj/ « , ̂  V (jfill AjLiS j ] Cl_«ic. I jj jjjsJokall J^sJ Jic. j L jjoill ^ j i j)J-Jj .iill.Sii.VL 

( dlLa. j J ^ 4 ) . j ' j ? * ' * ̂  ̂ ^ ^-^-Jj^J 

ll A_uili& (JLa-a ( J A-aJ^LuAll jlj-all Aĵ iia^al j V I ^ U a j l l I jajI -V 
/CJLxjJ ^ * ) 

• c? 

(Jj-j^saialL l&lj^vl j _ I I (JJIJJJJI ^ j J A^SLKLJJLALL CiLudJaii p S j i l j K j l - £ 
^CiLskjJ ^ * ) .IgJ «.ljVI vllLlisi-a ^JOIJIL 

LgJ C i j S J ! Ajjl j j / «, o i^iaLiS <_jjja. (JSj J (Ja-alujj JJ^JJI A.Ln.ulJJ j i j j l ^ x - o 
A_J J J Ajjl j / j i o Y Aic. JJU!j ĈLQJIASI ^ j i l l (j« JJU'll j l £ Ijj j l a ° AAUOIJ AiLuiJ AjkjJ Y ° 

, ĵoi "I • AjJa j fc j A^.jJ V • jJsVI J c - Aiui 
pUI S j j i l t - Afi-LuJI ^yfl (jlalLj (Jiill Jjjt-a - jajyJl (J jS^l l J j i a l l -

{Cilst J J 1 i J 

«J'-^-' (Ĵ aai-wiAll jikLtull f . \ j j l j^-Li. j-a ^Jj-a j l a (JfLl OjSjSkjL jlill - 1 

j U i l j^a- j l iJ i j ^Lkl jJl a j l j ^ J jS-AJ ° ,i.d; jLjill jj-a AjjLu (J j jb-s l l 
AX.Lai / T ^ J J J L S J - L S * J.» £ J U I ( _ 5 J I J J J | CJJ-1-^3JJIL (JUS_A J L-JJJJJ1I J C . C> • J '1 <5 » 

^CiLj. _)J ^ » ^ 4ja.jJ jILa 

^-Laillj jSlL j L L a j 



U L J 
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Dairy science and Technology 

Question 1: (10 Degrees) Check these statements and transfer your answers 
with true (T) or false (F) in the answer sheet. 

(1) Iodine number denotes double bond linkages in fat, indicating the unsaturated fatty 
acids. The main fatty acids in milk fat are oleic (unsaturated and stearic, palmitic 
and myrstic (saturated. Low-iodine number butterfat contains less oleic and more 
palmitic, stearic and myristic acids, and vice versa. Used to measure changes 
occurring in the composition of milk fat 

(2) In spite of lactose low solubility, it is not difficult to crystallize, and seeding of 
concentrated milk/whey is necessary to induce crystallization and reduce or 
eliminate sandiness (due large crystals) or hygroscopic. 

(3) The best known modification of lactose is its hydrolysis to glucose and galactose 
which may accomplished enzymatically, using [3-galactosidase, or chemically using 
free acid or acidic ion-exchangers. 

(4) The osmolality of milk is 275 m Osm/Kg and it is based on the number of ions in 
milk. 

(5) Electrical conductivity of milk is highly dependent on fat and colloidally proteins. 
(6) Lactose is a non- reducing disaccharide consisting of galactose and glucose linked 

by a (3-1-4 glycosidic bond. 
(7) Freezing point of milk is lower than that of pure water (0 °C) and its boiling point is 

greater than that of pure water due to dissolved substances in milk such as fat and 
proteins.. 

(8) Surface tension used to determine the relative effectiveness of milk components as 
depressant of interfacial tension; to follow release of fatty acids during lipolysis. 
Thus free fatty acids induced lower surface tension 

(9) Trans fatty acids may not only be linked to decreased levels of high density 
lipoproteins (HDL, that 's the good one) but they might also increase levels of low 
density lipoproteins or LDL's (the bad one). 

(10) pH measures the strength of the acids in milk. Fresh milk is slightly acid (pH of 
drinking water is 7.0-8.5). Generally the pH is higher (pH 6.0) in colostrum and 
lower (up to 7.5) during mastitis than in normal milk of mid-lactation 
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Dairy science and Technology 

Q u e s t i o n 2: : (12 Degrees) Ma tch column (A) with the appropr ia te statement 
f rom co lumn (B) 

Column A Column A 
1 Bacteriophagre A A virus that relies on a bacterial host for 

reproduction and can prevent acid production in 
cheesemaking by destroying starter culture 
bacteria 

2 Colostrum B Inflammatory condition of the udder 

3 Pasterurisation C Major protein of milk. Coagulated by the action 
of rennet or acids 

4 Mastitis D The first milk secreted after giving birth 
5 Annatto E Enzyme of a digestive juice of mammals that has 

the property of coagulation milk 
6 Starter F Microorganisms capable of growth at 5°C or 

below but their optimum growth temperature may 
be similar to mesophiles, 25-45 °C 

7 Homogenise G To break down the fat globules in whole milk and 
distribute them evenly so that the cream and milk 
do not separate 

8 Lactic acid fermentation H The production of lactic acid from lactose by the 
action of microorganisms 

9 Pathogenic bacteria I Bacteria that cause disease or illness 
10 Rennin J Orange-red dye used to colour cheese 
11 Psychrotrophs K Bacterial culture comprising selected strains and 

species of lactic acid bacteria used to produce the 
required acid and flavor development during the 
manufacture of fermented dairy products 

12 Casein L Heating milk to 73 °C for 15 seconds and cooling 
rapidly to less than 15 °C 

Q u e s t i o n 3: (8 D e g r e e s ) : D e f i n e t h e a m i n o ac ids o f t h e f o l l o w i n g 
p e p t i d e s : 

W h i c h p e p t i d e c o n t a i n s al l e s sen t i a l o r all n o n - e s s e n t i a l a m i n o ac ids 
o r m i x e d ? 

P r o ) " ( T y r ) " 

T h r ^ > ( L y T ) - ( V a l 

(1) NH2-

(2) NH2-

(3) NH2-

(4) NH2-

(5) NH2-

^ H i s , 

^MeT 

^ S e T 

V a T 

/Pro 

PfaT 

-COOH 

( G l y ) - ( A r g 

M e t © 
( S t y ) - ( g ) - ( g ) •COOH 
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'(6) NH2-

(7) NH2-

(8) NH2-

( M E T ) -COOH ^ A r g 

^Ala)" ( f y T ) " ( S y ) " ( g j v " (Se7)r(Asp)"Qry^ 

( § e r ) ' ( T ^ ) - ( T ^ ) - ( T ^ ) - ® 

Question pfr (10 Degrees). Define the missing components and transfer their numbers 
only to you answer sheet. 

Milk 

r 
Non-fatty solids Water Fatty fraction 

f 
Nitrogenous (1 
Substances 

" 1 J 
water minerals 

soluble vit. 
C and B group 

(2) Other fat-soluble 
compounds 

Non-protein substances (trace) Protein 
(3.48) 

Phospholipids 
(3) 
Lecithin 

(4) 
Vit. A,D,E and K 
Cephline 
Sphinogmylin 

a 

(9) 

Casein 
T 
P K 

(5) 

Heat labile 

(6) 

I 

t 
Others 

(Enzymes) 
(7) 

* 
a-lactalbumin Serum albumin 

Heat stable 

(8) 

Euglobulin (10) 
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iSonNo: 5 (10 marks) 
Pfnark i n ^ r o n t o f t h e t r u e statements and (x) for the wrong of the followii 

! 1_ Spoilage o f f o o d l ipids are due to oxidation of the saturated fats ( ). 

2- Proteins contains sul fur and iron in the molecule but no nitrogen ( ). 

3- Carbohydrates are used mainly for producing energy in body ( ). 

4- Vi tamins are usefu l to the body because it control many physiological reactions( ). 

5- Carotenoids are ant ioxidants and soluble in water ( ). 

6- Fresh fruits and vegetables are rich in mos t o f nutrients required to the body ( ). 

7- Protein isolates is very rich in protein content and ash ( ). 

8- Oxidat ion o f f ood l ipids is known as rancidity ( ). 

9- Dialysis is used to r e m o v e unsoluble particles f rom the sample extract ( ). 

10- Fermentat ion process means oxidation in the absence o f hydrogen ( ). 

Question No : 6 (15 marks) 
Select the correct answer/ answers for the following statements: 

1- Essential amino acids are: 
(a) Ten amino acids (b) Found in fresh fruits 
(c) Existed in milk and fish 

2- Polysaccharides are: 
(a) Sweet in taste (b) Digestable in the s tomach 
(c) Consist o f m o n o saccharide units 

3- Water soluble prote ins are called: 
(a) Albumins (b) Globulins (c) Glutilins 

4- Deteriorat ions o f l ipids cause: 
(a) O f f odour ' (b) Destruction of fat soluble vi tamins 
(c) Bitter taste 

5- F rom the natural antioxidants: 
(a) p - c a r o t e n e (b) Anthosyanin (c) Vi tamin C 



6 - F r o m the wate r so lub le v i tamins : 
(a) V i t a m i n A (b) T h i a m i n (c) R ibo f l av in 

7- P ro te in i so la tes is p r e p a r e d by prec ip i ta t ing o f the so lub le prote in at: 
(a) Isoele t r ic p H (b) Ac id ic p H (c )Alka l ine p H 

8- Die t ry f ibe r s can he lp in: 
(a) I m p r o v i n g d iges t ion (b) Pro tec t c o l o n f r o m cancer 
(c) R e d u c i n g b l o o d choles te ro l 

9 - Cerea l s a n d its p r o d u c t s in f o o d g u i d e p y r a m i d are f o u n d at: 
(a) T h e t o p o f the p y r a m i d (b) T h e b a s e 
(c) T h e m i d d l e 

10- F r o m the f u n c t i o n s o f ca rbohydra tes : 
(a) P r o d u c e ene rgy (b) Increase the ox ida t ion rate o f fa ts 
(c) I m p r o v e the abso rp t ion o f ca l c ium 

11- D ie t a ry f ibe r s f u n c t i o n s are: 
(a) L o w e r s s e r u m choles te ro l level 
(b) Les sen the pos t -p rand ia l rise in b l o o d g lucose 
(c) It s l ows d o w n the t i m e o f d iges t ion 

12- F r o m the c o m p l e x ca rbohydra t e s : 
(a) S ta rch (b) G l y c o g e n (c) Pec t ins 

13- F r o m the inso lub le f ibers : 
(a) T h e w h i t e o f the app l e (b) Cel lu lose (c) H e m i c e l l u l o s e 

14- G l u c o s e p rope r t i e s are: 
(a) T h e end p r o d u c t o f c a rbohydra t e d iges t ion 
(b) T h e on ly f o r m w h i c h ca rbohydra t e s are a b s o r b e d 
(c) T h e on ly f u e l used by centra l ne rvous sys tem 

15- P r o c e s s i n g o f f ru i t s and vege tab le cause: 
(a) R e d u c e nu t r ien ts (b) I m p r o v e the digest ibi l i ty 
(c) Inc rease t he she l f l i fe 

Question No: f (15 marks) 
Translate to the other language:-
(a) Die ta ry f ibe r s are indiges t ib le , p rov ides bulk and s t imula t ion fo r the intest ines and 

he lps p r e v e n t o r m a n a g e m a n y chron ic i l lnesses. 

AjjjjjJal! Clbji-all j fUJl t AiUal! ^Uij C j I j S j a 4jla.Ula.lj J l Aaj jA j j l Jail pliiJl ( 
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Answer all the question 
Question one 

Items 1 to 4 refer to the following paragraph. Choose the best answer to each item. 

(1) The number of families with two working 
parents have increased greatly over the past 15 
years. (2) This increase has brought many 
changes to the family and place of working, (3) 
Today,, working parents are willing to accept a job 
at lower wages if it allow for increased time at 
home with their children. (4) Some parents may 
choose not to accept a job promotion if they 
means more time at work and less time with their 
families. (5) Others may take only those jobs that 
are near home or child care. 

1. Sentence 1: The number of families with 
two working parents have increased 
greatly over the past 15 years. 

What correction should be made to this 
sentence? 

(1) insert a comma after families 
(2) change parents to parent 
(3) insert a comma after parents 
(4) change have to has 
(5) no correction is necessary 

2. Sentence 2: This increase has brought 
many changes to the family and place of 
working. 

Which of the following is the best way to 
write the underlined portion of this 
sentence? If you think the original is the 
best way, choose option (1). 

(1) family and place of working 
(2) family, and working place 
(3) family and working places 
(4) families and to the workplace 
(5) family and to the workplace 

3. Sentence 3: Today, working parents a 
willing to accept a job at lower wage: 
allow for increased time at home witl 
their children. 

Which of the following is the best way tc 
write the underlined portion of this 
sentence? If you think the original is the 
best way, choose option (1). 

(1) if it allow 
(2) if it allows 
(3) if they allows 
(4) if they allow 
(5) if it allowance 

Sentence 4: Some parents may choos< 
not to accept a job promotion if they 
means more time at work and less tim 
with their families. 

What correction should be made to this 
sentence? 

(1) change parents to parent's 
(2) insert a comma after promotion 
(3) replace they with it 
(4) change means to mean 
(5) change their to they're 

; -
CD 



Items 5 to 9 refer to the following paragraphs. 

(1) The U.S. Postal Service has come a long 
way since its founding by ben franklin in the late 
1700s. (2) Back then it took days to travel across 
the 13 colonies by horseback. (3) Later came the 
Pony Express, carrying the mail from the 
midwest to California. (4) Next came the 
railroads, trucks, and finally came the speedy 
airplanes. (5) The post office says that mail 
within the 50 states can usually be delivered 
within three to five days airmail to most 
European countries takes five to six days. 

(6) The cost of first class mail has rose 
dramatically since Colonial days. (7) One ounce 
of first class mail cost less than 5 cents to mail in 
1800. (8) By 1995 the cost was up to 32 cents, it 
appears that the cost will continue to rise. 

(9) Many people are upset by the rapidly 
increasing cost of postage. (10) However, the 
U.S. Postal Service despite its faults do the finest 
job in the world of fast, accurate delivery of mail. 
(11) The relative cost in terms of dollars are less 
now than in 1800. 

5. Sentence 1: The U.S. Postal Service has 
come a Song way since its founding by 
ben franklin in the late 1700s. 

What correction should be made to this 
sentence? 

(1) change Postal Service to postal service 
(2) change Service to service 
(3) change ben franklin to Ben franklin 
(4) change ben franklin to Ben Franklin 
(5) no correction is necessary 

6. Sentence 3: Later came the Pony 
Express, carrying the mail from the 
midwest to California. 

What correction should be made to this 
sentence? 

(1) change came to come 
(2) change midwest to Midwest 
(3) change California to California 
(4) change midwest to California to Midwest 

to California 
(5) no correction is necessary 

7. Sentence 4: Next came Ihe railroads, 
trucks, and finally came the speedy 
airplanes. 

Which of the following is the best way t< 
write the underlined portion of this 
sentence? If you think the original is the 
best way, choose option (1). 

(1) finally came the speedy airplanes 
(2) finally came the airplanes 
(3) finally the speedy airplanes 
(4) finally, the airplanes 
(5) finally came the super speedy airpl, 

8. Sentence 5: The post office says that 
within the 50 states can usually be 
delivered within three to five days ait 
to most European countries takes fiv 
six days. 

Which of the following is the best way tc 
write the underlined portion of this 
sentence? If you think the original is the 
best way, choose option (1). 

(1) days airmail 
(2) days, airmail 
(3) days; and airmail 
(4) days; airmail 
(5) days; but airmail 

9. Sentence 6: The cost of first class ma 
has rose dramatically since Colonial 
days. 

What correction should be made to this 
sentence? 

(1) change first class to First Class 
(2) change has to have 
(3) change rose to risen 
(4) change Colonial to colonial 
(5) change days to Days 



Items 10 to 14 refer to the following paragraph. 

(1) Many changes been made in the American 
game of baseball since its invention in the 1800s. 
(2) Games played before the 1930s was 
scheduled only during daylight. (3) Early 
professional players wore baggy uniforms, used 
unpadded gloves to catch balls, and received 
little or no money for their efforts. (4) A starting 
pitcher were expected to pitch the entire game. 
(5) Today baseball is played day and night in 
such faraway places as Europe, Asia, South 
America, and Australia. (6) Players wear trim 
uniforms, collect huge salaries, and enjoy 
celebrity status. (7) Everyone who watches 
baseball in this country realize that it has 
become a big business. (8) Players' salaries, 
owners' revenues, and concession prices have 
soared ever upward. (9) There a growing sense 
is that attending a game costs too much money. 
(10) Nonetheless, the popularity of baseball 
continues to grow around the world. 

10. Sentence 1: Many changes been made in 
the American game of baseball since its 
invention in the 1800s. 

What correction should be made to this 
sentence? 

(1) replace changes with change 
(2) change been made to have been made 
(3) change American to american 
(4) insert a comma after baseball 
(5) change its to it's 

11. Sentence 2: Games played before the 
1930s was scheduled only during 
daylight. 

What correction should be made to this 
sentence? 

(1) change played to play 
(2) insert a comma after played 
(3) change was to were 
(4) change was scheduled to have been 

scheduled 
(5) no correction is necessary 

12. Sentence 4: A starting pitcher were 
expected to pitch the entire game. 

Which of the following is the best way to 
write the underlined portion of this 
sentence? If you think the original is the 
best way, choose option (1). 

(1) A starting pitcher were expected 
(2) A starting pitcher have expected 
(3) A starting pitcher was expected 
(4) A Starting Pitcher was expected 
(5) A starting pitched had been expected 

13. Sentence 7: Everyone who watches 
baseball in this country realize that it has 
become a big business. 

What correction should be made to this 
sentence? 

(1) insert commas after Everyone and 
country 

(2) change who to whom 
(3) change realize to realizes 
(4) replace it with they 
(5) no correction is necessary 

14. Sentence 9: There a growing sense is 
that attending a game costs too much 
money. 

What correction should be made to this 
sentence? 

(1) change There to Their 
(2) change a growing sense is to is a 

growing sense 
(3) change costs to cost's 
(4) change too to to 
(5) no correction is necessary 



Items 15 to 19 refer to the following paragraph. 

(1) What can be used as a parachute to soften 
a landing, as an umbrella in a downpour, or as a 
way to say "hello"? (2) The^nswer was the 
bushy tail of a squirrel. (3) About seventy kinds of 
squirrels live throughout the world in forests, < 
fields, parks, and city backyards. (4) Some 
squirrels nest in trees, while others live in their 
colonies underground. (5) Most squirrels store 
their food, which consists of acorns, nuts, leaf 
buds, seeds, fruit, berries, mushrooms, pine 
cones, insects, and bird eggs. (6) Occasionally, 
squirrels even "plant" new trees by forgetting to 
uncover them buried nuts. (7) Some people think 
that the squirrel is a dangerous, disease-carrying 
menace; others finds squirrels to be intelligent, 
curious, and very sociable animals. (8) Never try 
to capture squirrels; despite their cuteness, they 
should be treated as wild animais. (9) Squirrels 
are not naturally aggressive animals; however, 
squirrels may bite when threatened. (10) 
Although a squirrel's bite can be dangerous, this 
member of the rodent family plays an important 
role in our environment. 

15. Sentence 2: The answer was the bushy 
tail of a squirrel. 

What correction should be made to this 
sentence? 

(1) change was to should have been 
(2) change was to is 
(3) insert a semicolon after was 
(4) insert a comma after was 
(5) change squirrel to Squirrel 

16. Sentence 4: Some squirrels nest in trees, 
while others live in their colonies 
underground. 

What correction should be made to this 
sentence? 

(1) change their to his 
(2) change their to her 
(3) change colonies to Colonies 
(4) change underground to Underground 
(5) no correction is necessary 

17. Sentence 6: Occasionally, squirrels eve 
"plant" new trees by forgetting to 
uncover them buried nuts. 

What correction should be made to this 
sentence? 

(1) insert a comma after even 
(2) change the spelling of forgetting to 

forgeting 
(3) change them to their 
(4) change buried to bury 
(5) no correction is necessary 

18. Sentence 7: Some people think that the 
squirrel is a dangerous, disease-carryi 
menace; others finds squirrels to be 
intelligent, curious, and very sociable 
animals. 

What correction should be made to this 
sentence? 

(1) change Some to A lot 
(2) change people to peoples 
(3) replace the semicolon with a comma 
(4) change finds to find 
(5) insert a comma after very 

19. Sentence 9: Squirrels are not naturally 
aggressive animals; however, squirrels 
may bite when threatened. 

What correction should be made to this 
sentence? 

(1) change are to is 
(2) change naturally to natural 
(3) change the semicolon to a comma 
(4) replace the second squirrels with the^ 
(5) no correction is necessary 



Items 5 to 24 refer to the following paragraphs. 

1̂) Controlling pesticides has become a 
serious problem. (2) The resistance of bugs to 
pesticides has caused a demand for stronger 
and stronger pesticides. (3) This we now know 
have resulted in the carry-over of pesticides into 
the food chain. 

(4) Pesticides can cause serious illnesses in 
adults and children, they can cause birth defects 
in babies. (5) The solution to this problem 
involves many different efforts. (6) One approach 
is to breed insects that are sterile so it cannot 
reproduce and will gradually die out. (7) Another 
approach is to breed natural enemies for a 
selected bug that will not cause harm 
themselves. (8) Its also possible to breed plants 
that are resistant to or can even repel certain bugs. 

(9) All the solutions require a long time and a 
lot of research and development money. (10) 
Unfortunately, developing a new, stronger 
pesticide is quicker and cheaper than the safer 
alternatives. 

20. Sentence 2: The resistance of bugs to 
pesticides has caused a demand for 
stronger and stronger pesticides. 

What correction should be made to this 
sentence? 

(1) change the spelling of resistance to 
resistence 

(2) change has to have 
(3) change has caused to causes 
(4) change stronger and stronger to strong 

and strong 
(5) no correction is necessary 

21. Sentence 3: This we now know have 
resulted in the carry-over of pesticides 
into the food chain. 

Which of the following is the best way to 
write the underlined portion of this 
sentence? If you think the original is the 
best way, choose option (1). 

(1) This we now know have 
(2) This, we now know, have 
(3) This, we now know, has 
(4) This, we now know has 
(5) This we now know, have 

22. Sentence 4: Pesticides can cause serious 
illnesses in adults and children, they can 
cause birth defects in babies. 

What correction should be made to this 
sentence? 

(1) change children to childs 
(2) change children, they to children, and 

they 
(3) change children, they to children; and 

they 
(4) change babies to babys' 
(5) no correction is necessary 

23. Sentence 6: One approach is to breed 
insects that are sterile so it cannot 
reproduce and will gradually die out. 

Which of the following is the best way to 
write the underlined portion of this 
sentence? If you think the original is the 
best way, choose option (1). 

(1) that are sterile so it 
(2) who are sterile so it 
(3) that are sterile so they 
(4) who are sterile so they 
(5) whom are sterile so they 

24. Sentence 8: Its also possible to breed 
plants that are resistant to or can even 
repel certain bugs. 

What correction should be made to this 
sentence? 

(1) change Its to It's 
(2) change Its to Its; 
(3) replace that with who 
(4) change the spelling of resistant to 

resistent 
(5) no correction is necessary 



Items 5 to 25 refer to the following paragraphs. 

(1) Organ transplants are becoming more and 
more common. (2) In the past kidney transplants 
were about the only common organ transplants. 
(3) Today, we hear of heart, lung, liver, and eye 
transplants, in addition to kidney transplants. (4) 
Sources of organs for transplants are people 
which are killed in accidents or who die of 
illnesses that do not affect the organ being used. 

(5) A big problem with organ transplants is that 
it often tries to reject the organ. (6) It sometimes 
requires the use of strong drugs to prevent this 
rejection. (7) As better transplant methods and 
better antirejection drugs are developed, 
transplants will become more common and more 
successful. (8) Some concerns, are heard, that 
organ transplants are too common now. (9) 
There is also concern about people selling their 
organs, 

(10) Someday the transplanting of most body 
organs may become common and routine. (11) 
More and more people are making advance 
arrangements to donate its organs when they 
die, so that someone else can live. 

i 

25. Sentence 2: In the past kidney 
transplants were about the only common 
organ transplants. 

What correction should be made to this 
sentence? 

(1) replace past with passed 
(2) insert a semicolon after past 
(3) insert a comma after past 
(4) change were to was 
(5) no correction is necessary 

26. Sentence 3: Today, we hear of heart, lung, 
liver, and eye transplants, in addition to 
kidney transplants. 

What correction should be made to this 
sentence? 

(1) replace hear with here 
(2) replace eye with I 
(3) remove the comma after eye 

transplants 
(4) change addition to edition 
(5) no correction is necessary 

27. Sentence 4: Sources of organs for 
transplants are people which are killed 
accidents or who die of illnesses that 
not affect the organ being used. 

Which of the following is the best way to 
write the underlined portion of this 
sentence? If you think the original is the 
best way, choose option (1). 

(1) people which are 
(2) people which is 
(3) people who are 
(4) people who is 
(5) people who were 

28. Sentence 5: A big problem with organ 
transplants is that it often tries to rejecl 
the organ. 

Which of the following is the best way to 
write the underlined portion of this 
sentence? If you think the original is the 
best way, choose option (1). 

(1) is that it 
(2) are that it 
(3) is that the body receiving the transplai 
(4) are that the body receiving the 

transplant 
(5) is because the body receiving the 

transplant 

29. Sentence 6: it sometimes requires the 
use of strong drugs to prevent this 
rejection. 

If you rewrote sentence 6 beginning with 

The use of strong drugs 

the next words should be 

(1) is sometimes required 
(2) are sometimes required 
(3) were sometimes required 
(4) is, in any case, required 
(5) are, in any case, required 




