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PART A: Vocabulary

Directions: Choose the word or phrase (1), (2), (3), or (4) that best completes each sentence.
Then mark the answer on your answer sheet.

I-  Some vegetarians are not just indifferent to meat; they have a/an --- - toward it.
1) immorality 2) tendency 3) antipathy 4) commitment

2- A recent study shows that the prevalence and sometimes misuse of cell phones and
computers has led to a/an ----------- in some people about the benefits of technology.
1) ambivalence 2) distinction 3) encouragement  4) compromise

3- My niece has a ------ imagination. She can turn a tree and a stick into a castle and a
wand and spend hours in her fairy kingdom.

1) vacuous 2) vivid 3) cyclical 4) careless
4-  The singer's mellifluous voice kept the audience --—-----—--- for two hours.
1) disputed 2) disregarded 3) frustrated 4) enchanted

5-  His family, relatives, and friends still cling to the hope that Jeff will someday --veeev -
himself from the destructive hole he now finds himself in.

1) evade 2) prevent 3) deprive 4) extricate

6- Logan has been working long hours, but that is no excuse for him to be —-—--eeeev to
customers.
I) ingenious 2) intimate 3) discourteous 4) redundant

7-  Although he was found -------nnnn- , he continued to assert that he was innocent and had
been falsely indicted.
1) critical 2) guilty 3) problematic 4) gloomy

8-  The old sailor's skin had become wrinkled and --
sun and the wind.

--- from years of being out in the

1) desiccated 2) emerged 3) intensified 4) exposed

9-  The promoters conducted a survey to study the ----------— of the project before investing
their money in it.
1) impression 2) visibility 3) feasibility 4) preparation

10- That is to0 ------------ an explanation for this strange phenomenon—I am sure there's
something more complex at work.
1) simplistic 2) lengthy 3) profound 4) initial
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PART B: Cloze Test
Directions: Read the following passage and decide which choice (1), (2), (3), or (4) best fits

each space. Then mark the correct choice on your answer sheet.

Some researchers investigated the effect of listening to music by Mozart (11) ~==eeemeem-
spatial reasoning, and the results were published in Nature. They gave research
participants one of three standard tests of abstract spatial reasoning (12) ~—=-eeeeeeee
each of three listening conditions: the Sonata for Two Pianos in D major, K. 448 by
Mozart, verbal relaxation instructions, and (13) ----- . They found a temporary

enhancement of spatial-reasoning, (14) ----------—- spatial-reasoning subtasks of the
Stanford-Binet 1Q test. Rauscher et al. show that (15) ~=—=eeeeeeem the music condition is
only temporary.

11- 1)in 2) for 3)of 4) on

12- 1) having experienced 2) after they had experienced
3) to be experiencing 4) to experience

13- 1) silence 2) was silent 3) there was silent  4) of silence

14- 1) then measured 2) that was measured
3) as measured by 4) to be measuring

15- 1) the effect of the enhancement of
2) the enhancing effect of
3) enhances the effect of
4) is enhanced by

PART C: Reading Comprehension

Directions: Read the following three passages and answer the questions by choosing the best

choice (1), (2), (3), or (4). Then mark the correct choice on your answer sheet.

PASSAGE I:

We study statics to obtain a quantitative description of forces which act on engineering
structures in equilibrium. Mathematics establishes the relations between the various
quantities involved and enables us to predict effects from these relations. We use a
dual thought process in solving statics problems: We think about both the physical
situation and the corresponding mathematical description. In the analysis of every
problem, we make a transition between the physical and the mathematical. One of the
most important goals for the student is to develop the ability to make this transition
freely.

We should recognize that the mathematical formulation of a physical problem
represents an ideal description, or model, which approximates but never quite matches
the actual physical situation. When we construct an idealized mathematical model for
a given engineering problem, certain approximations will always be involved. Some of
these approximations may be mathematical. whereas others will be physical. For
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16-

17-

18-

19-

20-

instance. it is often necessary to neglect small distances, angles, or forces compared
with large distances. angles. or forces. Suppose a force is distributed over a small area
of the body on which it acts. We may consider it to be a concentrated force if the
dimensions of the area involved are small compared with other pertinent dimensions.
We may neglect the weight of a steel cable if the tension in the cable is many times
greater than its total weight. However, if we must calculate the deflection or sag of a
suspended cable under the action of its weight, we may not ignore the cable weight.
Thus, what we may assume depends on what information is desired and on the
accuracy required. We must be constantly alert to the various assumptions called for in
the formulation of real problems. The ability to understand and make use of the
appropriate assumptions in the formulation and solution of engineering problems is
certainly one of the most important characteristics of a successful engineer. Successful
engineers should seize the opportunities to develop this ability through the formulation
and analysis of many practical problems involving the principles of statics.

This passage is mainly about ——-—eeeeeeev .

1) physical situation

2) mathematical description

3) solving problems in statics

4) predicting the effects of physical relationships

Engineers should learn to make --——---ceeeeeeee,

1) a physical description

2) a mathematical model

3) assumptions depending on the required information and precision

4) a transition between the physical description and a mathematical description

The word “approximations™ in paragraph 2 is closest in meaning to --—-—--eeeeeeeee,

1) calculus 2) estimations 3) expressions 4) mastications

The sentence “it is often necessary to neglect small distances, angles, or forces compared
with large distances, angles, or forces” in paragraph 2 lines 14-15 is used to prove

1) mathematical models rarely match physical descriptions
2) approximations match physical descriptions precisely
3) the benefit of mathematical models

4) the benefit of physical description
Formulation and analysis of practical problems
1) involve the principles of statics

2) is one important characteristic of all engineers

3) help engineers to solve engineering problems appropriately
4) make an engineer capable of seizing various opportunities

PASSAGE 2:

Ultrasonic testing offers immediate results and a high degree of accuracy for cracks
and internal faults such as gas porosity. The test is suitable for metals, plastics, glass.
concrete and ceramics. Components that are thin, small, have complex shapes or have
rough surfaces are difficult to test.
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Ultrasonic testing involves sending high frequency vibrations (100 kHz to 200
kHz) through a material and sensing their reflections. The high frequency vibrations
are produced by a transducer, which uses a piezoelectric crystal to convert electrical
oscillations into mechanical vibrations. The transducer is placed on the surface of the
material to be tested. Vibrations penetrate the material and are refracted and reflected
at discontinuities within the material. Another transducer picks up the reflected signal
which is displayed on an oscilloscope. The resulting reflection indicates the internal
integrity of the test specimen. Flaws are shown as a peak. the size of which indicates
the size of the fault.

Ultrasonic signals can be recorded if a permanent record is needed. Ultrasonic
testing is also used in high-speed automated productions e.g.. railway tracks.

Industrial faults such as gas porosity can be detected through —-——-eeeeeeeeee,

1) ultrasonic testing 2) acoustic monitoring

3) transducer reflections 4) gas penetrating testing

According to the passage, in ultrasonic testing, the transducer converts electrical
oscillations into --- .

1) ultrasonic vibrations 2) mechanical vibrations

3) discontinuous flaws 4) continuous oscillations

The word "which" in paragraph 2 refers to --—-eeeeeeeeeee,

1) flaws 2) fault 3) integrity 4) peak

We understand from the last paragraph that a permanent recording is ——---—eeeeeee
needed.

1) seldom 2) always 3) not always 4) never
In ultrasonic testing ------—ceeeeeen is/are used.

1) one transducer 2) two transducers

3) three transducers 4) a number of transducers
PASSAGE 3:

Industrial robots are programmable multifunctional mechanical devices designed to
move material, parts, tools, or specialized devices through variable programmed
motions to perform a variety of tasks. An industrial robot system includes not only
industrial robots but also any devices and/or sensors required for the robot to perform
its tasks as well as sequencing or monitoring communication interfaces.

Robots are generally used to perform unsafe. hazardous, highly repetitive, and
unpleasant tasks. They have many different functions such as material handling.
assembly. arc welding, resistance welding, machine tool load and unload functions,
painting, spraying. etc. Most robots are set up for an operation by the teach-and-repeat
technique. In this mode, a trained operator (programmer) typically uses a portable
control device (a teach pendant) to teach a robot its task manually. Robot speeds
during these programming sessions are slow,

This instruction includes safety considerations necessary to operate the robot
properly and use it automatically in conjunction with other peripheral equipment. This
instruction applies to fixed industrial robots and robot systems only.

The word "peripheral” in the last paragraph is closest in meaning to —--—--—e=eeees,
1) online 2) central 3) irrelevant 4) not central
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We understand from the passage that industrial robots are programmed to do
~memmemneneeeae Unsafe tasks.

1) designed 2) technical 3) repetitive 4) multifunctional

In order to provide connection between users and industrial robots, the robots are
equipped with ——--eeemcmmaeas,

1) tools 2) devices 3) sensors 4) interfaces

Painting and spraying are mentioned in paragraph 2 as examples of -——--eeeeeeeeee,

1) unpleasant tasks

2) robot functions

3) what is done after welding

4) what can be taught by the teach-and-repeat technique

We understand from the passage that during the programming sessions, robot speeds
are slow because —----—-—-—-- -

1) of safety considerations 2) of unpleasant tasks

3) they are highly unsafe 4) the control device is portable

¢ (pkigeo bl 5 o fusiilydsd SYlao o(Tg)) pogas bl y) ol

el plaf X =0 3 F(X)=(cot X)™" &l cusly o> -

o ()
\ (Y
e (r
2,15 39> (F
@ n
@-c_...,l,.w.j. eV dx g% lade ¥y

o

\
n
\

Y
n! (

n (Y
(n!) (f

o0 n

S=Z Z.—k X" Gl 1S g yrg; (5300 o2l o el il 1| <1 g o 0k o S By Y

n=o k:o

,w",_‘ .)'J&‘ 3.‘-5,0.7.@ (\
[ g V(Y
) g V(Y

\ \
;Slrl(\ ‘.S')'A" [o,\) 5 IFIS; LS‘)‘AJ [—\ 5 o] (f

faS caddly r=Yesel b o dhiiois o r=Y0 ohigo,le -YF

abad ol o (F ahais b (¥ adaiis 4 (Y adai 93 ()



o of Wl Qgﬂ}TMQU o) g S g0

Y axao 845A (YAY) oS = 28 )il g sl pwiiyo
il plAS X — Yy + YZ = 0 Aolao 4y glaxio silec g \‘xv+\iy"+/\z" =1 ,laoiw p wloc dxio go dlold YO
Y
v
v
— (Y
Y
?
v
v
Y
fCuwml ploas Wl Jld x+y+2=Y 9Z=0 Olnio oS xY+yYS\ ny Slgiul )l A e -YF
T (\
Yo (Y
frt (¥
n
— (f
Y
sl (5955 Jaawgd ol plail ,5 TV
- z - z - \ -
F(x,y,2)=(y =—)i +(X-—‘,)l+(—+fl')k
X'y Xy Xy
Towl plas (Y, ),0) dlaii U (1,),) aasti 3
V(Y YQ
-Y (f -\ (¥
KXY XY Y =0 Jaidlid Uslae glp X, =) A Jg> egmimgyd Gpw D)ge 4 Slgx g0 TA
Sl F“‘\S
¥ = Z am(X=V)" 4 yy= _v\]nlx—\|+ z by (x=)™ (A
m=e m=o
a€ a0
Yy = Z a,(x )" s Yy = y\ln|x—\|+me(x—\)m (Y
m=o m=\
0 0
W= Z Ay (X -y 9 ¥ = Z bm(-‘(“)mH (v
m=e m=e
o 20
vy = Z a,(x -y)™ e Yy = me(x —y)™H (¢
m=o m=\
\
Ol ploS y" = xy'"+\+a(y"')r il s Wolas clala b ilss  —¥4
y=Ax"+Bx"+Cx+D (r y:xf+AxY+Bx+C (\
lpaoa ¥y ¥ ds0e 4558 (F y=—x"+Ax"+Bx+C (v



.\&)' @nm)tf Qp}TMQU -9 meﬁ)&w

A axio 845A (YAY) &S = (28 gy ib g (o] owidin

N(X,y) b o1 bl Jols il yisd Wslee Sy (YSiNX+ X'y —xsecy)dx+ N(x,y)dy =o S ¥
Yol plas

\ \ i
N(x,vy) =—x" +—x'secy tany+smx+g(y) ¢
Y Y

Yoowo Vo
N(X,y)=—X +—=X secytany+cosx +g(v) (v
Y Y

\ \ .
N(x.y)=—x" ——x"secytany—sinx +g(y) (¢
Y v
N(X.y)=—X ——X secytany—cosx+g(y) (f
Y Y
Jolo il (=X )Y —YxY +Yoy=o Juuiliss Usles | slaeriia ©ypos sz Y(X) S -F)

\
T ,us.l:j (x" +y(x)Tdx J1,500
-

YA
\‘_o
7% §
pe-
Yf
v
vs
AN

(\
(¥
(¥

(f

D) ¢cut plas (D" +D+F) (D' +¥D" + D) (D— )y = Yfe* Juitiins Uolas jl cogas wla> S5 ~FY
(Sl il JNlos
yrasxe™ (
rexe® (¥
\

—xe™ (v
\R 4

\ X
——xe” (¥
\Yar

F—Ys
foal plas F(5) = ———— &b (wgSan WY Jia -FY
S +Fs+A

e'"(osim‘t-n'cosvt) QO
e ' (asin Yt + YcosYt) (v
e "'(asin¥t —YcosYt) (f

e (asinYt—YcosYt) (f



q axiwo 845A (YAY) 08w (25 s 9 (Fou! (prdign

Sl a8 ¥ +Y=Y0(t—T) g ¥(c)=F g ¥'(c) =0 adgl polic b alius Olg> -FF
Fcost—Ysint . t>m
y(t)= ()
Fcost A<
FCost+rYsint , t>mn
y(t)= (Y
FCcost 5 LR

J\'cosl+ Fsint . t>m

y(t) = (r
| ¥cost <
Ycost—#sint . t>mw
y(t)= (f
Ycost Jt<m
Yol plas T’aa—:'-f-g—::\'u Wdlas  ogos Llga (b puiio SLSE) (0 o g 3l eoliiwl b -FO

u(x,t) ot Ce((k—\')x+fkt) 0O

((\'—k)x+£l)
u(x.t)=Ce r

(k-r)x+X1)
u(x.t)=Ce LA ¢ ¥

u(x‘t):Ce((r—k)xwkt) (f
fal Gy 4 55 plas cu —(a+Vuy, +au,, +Fu, =0 Aol o -FF
Wl 95 @ =) SI(Y ad 5o8 o 8 > SN
el 98 ol s aa> A s gl 4 (F sl 598 Jeda a <) 51 (Y

o o <o .
?WJ&-"‘-‘!‘!l‘anw"a‘)4‘-\'3“9)-!.}0)9“!‘(‘):{““' o & )98 g S -FY

o0
a, +Z(an cosnt + b, sinnt)
\

B0 \
n' —\ Al
\ -\
n#) ,e gly by=—0— s by=— (¥
fn —\ Al
-\
n#) 2 ly by =0 g by=— (¥
Y

\
n#\ o gy by =o Sb\=; (f



Ve axiuo 845A (YAY) &S = (28 gy ib g (o] owidin

flawl plas ») alle -._J',?. un)(gy Jg‘u ‘GJP wliiie L alivwe J= 6',_! ‘,DQY JJJ.J U:',) 3' solaiwl b -FA

du d'u
— ,o<X<) >0
axf

ot
u(e,t) =u(\,t)=o ,u(x,o)=sinnx
U(x.s) = C\(s)c‘/';‘ +(‘,(s)c“*/;x B n:
S+
U(.\'.s)=C,(s)e‘/§‘\ +C(s)e o +w (Y
S—T
U(x.s)=C (s)c‘[;\+(',(s)e s bmm: (Y
S+
U(x,8) = C,(s)e¥™™ +Cy (s)eVSX —&“’: (f
S—T
o
Tam! plus I % z|z|+tan7 dz J1 551 Jol> -F4
> ()
ymi (Y
e (¥
yrei (F
C 5 (v ploie alize slasl b 2;) P(2) = (2—2))e(Z—2Z,,) 51 il ‘.wép(z)dz JLSS Jade  -B-

Sl b 7 wo.»,.!,a,al.....aoau,p&
ynmi ()

nmi (Y

\ g
—ym (¥
n!

—ti (F
n!

O Ylw Sl 9 Soloogo

99 8 33 A5 Wl oo e (5920 4 bl Ayl Lo g Wl Cugi 93 50 Dpteen = pibew O 8 JUwT T -0)
Ty gleoa ool JLid coi b )F o b (T aisld) Jgl cugi 50 b Ty gl glod 9 Ty adgl gl e
sl gz 4y 35 p1AS sy ablgs Ty (slod & Cull e oz Lo ) ol U (HT 0 3) 090 Cugi 53 9 sy 00
AU > Qy (¥ AH; <AHj O
W < Wy (f Q>Qp (¥



$\ aniia 845A (YAY) &S = (28 gy ib g (o] owidin

fow! s 390 pluS .« (Throttling) Lo ui) b 5,90 40
..\Jl»‘_;n <ol O-' d,,:..i (Y ..\Jlaga ol o‘ &ib &5 ()
b ool o1 jLas g Les (F dile o ol o] JLST (Y
e balxa Ty slos e (Jy ey g ol plaa b a8 a8y Ty slod g m py2 b oule (09,51 Ol s
(C) usb e PR ST db; AT (058 Tlww! plas’ ol
L
As =mC ln(T) QO
\

T+T,

i ¢

As =ymC lnLﬁL—TL (r

T,

As=mClIn ﬂ (¥
Y(T\T})

Y el 4 ) cdls 1 PVO =cte (gl wisld oS b ¥ B3y ey Cand B i by Ul 55

As=mC In

Ol s 40y 55 a1 (9,531 Sl 3590 3 139,50

AS= R&yln% (\

\

AS = R(y—\)(S—\)ln%- (v

\
=——6(Y_\) In—Pl (r
(6-y) P

AS

y-) PR
el G0l o lgan 4l 35 S (S) (e 8T g sl
el 5 20 ganld e gl ()
il S =0 Sbbol sl a 6lp (Y
ol 5G =0 pdyinS p bladl aul® a6l (7
ol 8G >0 plcinS y ades 2d anlil s ol (F

-0y

-8y

-oFf

-080



o of Wl Qgﬂ}TMQLﬁ o) g S g0

VY axio 845A (YAY) &S = (28 gy ib g (o] owidin

L oS g0 ) (90 slod) Tio 9 (05 slod) Ty slaled b aio 95 (w935 j9ige 6 dnd ()l jaige S -0F
199 g0 L 15 as yoo b Lo 5 45 ol 05 01y JUAGH w09 Jiiha 559 31 il g0 > 48 81,
1Qc | = kAT
G By 5 b T ol slod o [ W] coll (o295 505 o (g1 Consl JUil el A g 2o S5 K
! pasine iloj 4

T
—==1
Ty
T,
£ = o,/ YO (Y
Ty
T.
£ = o/l (¥
Ty
T
£ —ova (F
Ty

Yol plas 518 ol gl ('g'g')r S P(V—=b)=RT o> Joles 3l oolazuwl b 38 o350 s, -oY

R R
(¥ (\
V-yb V-b
YR YR
(f (¥
V -rb V-b
§ S o0 o0l akuly plus 51 (auiS dlxe Jaulo July, jloslinwl b1 55 oG Cy padles 1 -0A
Cp "Cv =R (\
o'P
dCy =T dV (v
Vv ((‘ﬂ‘v IV, (
) OV
d(v =-l(gr7 )PdP A3

C opP
dS =—Y.dT +(—)ydV (¢
T ( EI‘)V

S ! o 330 (53 39 9 (52 99 ptamans Sy P=X =y Jola jlogei 3,90 y0 4l 3¥ plas -04

Se dP dP 0
™ dy, ? dx,
dp dpP
] e a8 55 (V) —Xy) bog Cudle @8 — o — (Y
dy, dx,
— dx, S dy, ? dx,
y )
dx, dy, ~ dx,



W axio 845A (YAY) &S = (28 gy ib g (o] owidin

YAOC (gled 30 godans LAS 4 g5 590y g g 42hyS Jiisd Yo O M plasdh &g gloyS < yquods il Syld  —Po
39 ui o o ui 8yl 0 wwlfed Olypusi o u'i oylad ey g g9y0 HLiS NS LALL O/OVNm-‘
ol plaS iy o e

cmr

coal VA a3d by 3 (o Jge pam) VI

gmole
Yo,¥

¢« \¥(bar) (\

dof ,
—— « \,¥(bar) (v
RT L

Yo, ¥
—— « Y(bar) (v
RT (bar) (

s g « Y(bar) (¢
RT
O] sz s 3 A0S Sl VEXE Y] = YZK Jolao Jloas S5 Ca oo o0 551 —FY
el 344515 o €F ol 3450515 Jlow O
sl p=ce™ g o3y by by (F sl il Lz Jlow > (¥
st YT Cail b Jlow Sy J5I0 33 5 JS& il B ©yg0 YOOM' Colus 4y A 36 dnio -5

cm
Tl (0 W dxdo (yaulS gl o3V (5900 ASL Yo =

AL ko Al D9 o0 00lS (U =1,Yep )

Vo A ()
IS4 ‘W VP (Y
e e VYE (7
L — VYA (F
A F=?
lerem

fowwla Shgplas Jold  pauesTy slanl > Jalade OV ol (SudS OYLw SO8s jo -PY
oY 5l S Fle e s s wSSLLaT (Y ¥ zle due i saman .&:.”);J;.J (\
o,V 5l ol tL« KXp-Xeerom ..S.:l'l,l.l.s] (f o, 5 );5’)}, C'Lo DAL s GAnSy ..S._.{,]:,'}!i (Y



VF axio 845A (YAY) 08w (25 s 9 (Fou! (prdign

u‘éé; J,aﬂ’ TOVYE R o \Pas alols ‘,1‘ 9 da>as ‘}é’) :L..g_),ﬂ.u_, ) o,\mm ulilib )90 alold )ﬂ ~-7¥
foww! 3L Num s 3 (5,9LiS 4> Nooorpm

\oem T ()

A

o, o FEVE (Y

0/\mm

o, oYYV (¥

o, 0\ (F

3 (Co=0/81) 3 sloadss L0 A Zlygm 3,18 3529 (lusy HhaS b K58 Ey9m 99 I3 ()50 Su &5 0 5O
Foul plaS F1 0 99 3l (29,5 (2O Connnd Sl 3,5 slaaligS s B 7150

v Q-
__________ Qg

—————————— Qa =o,tY (Y

__________ QB
— > g

M o

I| ) I 1 3 I Qa =0 #V
B

-~ w2 . . - - m -
Ol agile 10/ ks e’} sl AN Als) O 09 Slatgifln ) A )ohmiy s 1097 G2t b laes =P

LV
foaw! JSwl wia g w90 LS C3l Ly =ff5'—"— alayly 31 oolazuwl b g pl,f ol adle 0.0,

Yo ()
Ffo (Y
YYoo (Y
Ffoo (F

o . b fit"
i 9 N 6% oy (5993 JLid Sl ABD sy ja8 5 o182 A 0F) ey S 02> o0 -FY
mn

2 b . . . Ibe .

Sy p ) polie jl SUelaS @ Gy ledily il Bo ft': o9y Awild JF1.Cewl Fo 'nf ol =92
1

ftlb¢

(Yhp=2b¢e ) Souwl
148Y (A
120 (Y
IAAAN

TA¥ (F



VA askia 845A (YAY) &S = (28 gy ib g (o] owidin

sm woyuic.h“)'&a&hui 2% 45 Sl o 00ls p=Yooo+o,0th Lh.:')laua,:L_,ﬂui Dils -FA

ol Jwb ol o (500 B oo é.u:,ayi )W.G‘M“% s P Adaails
m

FAAY,A ()
doos (Y
BoVYD (Y
doYd,0 (F
Tl plaS” ol azm 50 2 9)lg (3N (5950 42 S5 llao Aoy (258 b lilginl o) dom po 610 -74
R’
' LLLLLLL Ll L Y
R mR"
Y
yR" (¥
ayR" (f

(\

(Y

30 ey o el 00l o0l \'=\F(\—(%)Y) Oyl o gile 10 Gl 4 glddgd 0 G puje -V
sl 0 VEP gy Sl A2 j95mn g Sl JISly sz algl §jlas
oFF (\
Y4 (Y
&FF (Y
Y4 (F

il 5 S (g y9lle

] gl Sl plaS g1y Cupiisle —YY
HCP (f BCT (v FCC (v BCC

CASS g0 it 1y (o ST Jlacia| o aiiS cpaati (93l plas —VY
Kirkendall Jos 5 (¥ Knoop <s (A
Hume -Rothery s sl, - ssn (f Lever ,5J (¥

Ll LY F ol Cudilow jlaie a5 Jyge0,0 9 ( YYYOC 0g02) A 3 Ay 0w sbed 09 1C =) 0 VY
fogd 0 Jol> o0 ax L g sloole ax (py21) joud (938 5l oolarul
TAoX/f cuanul (F FALR ) GG J 4 o TP /P cusial (Y 1488 cdpy (



.\&)' @nm)tf Qp}TMQU -9 meﬁ)&w

V¥ aod 845A (YAY) U8 o 28 o3l g ] oo

! U ol yly plas S0um0 Lii ¢ 1 5 1000 R3] Hemo 9 SO0 je%o (5 30y k) ol (903 33 —VF
i Sy Olia =X g G Gl =y ()
Slp Ol = X g Sy Jake ugSas =y (Y
askd gletad jlalold =X g S Ylpe =y (V
ankas ol A jlalols = X g (o pia ke usSas =y (F

» X

() 5 55l plas N =YD 5 iitaal Jasd 5 gols ol cole; 5 25 Jauor o285 s b -Va
flaw] LAl il yieS (51510 SO plas g LlS plSainl o Jadin slyle

TABLE 2:9 ASTM grain-size Ranges, N = 2¢~1 eSS N =) g uidon=\o ()
GRAIN SIZE NO. GRAINS PER SQ IN. AT 100x eSS N=8 gepupdon=¢F (¥
MEAN RANGE pyaS N=F geppion=2a (¥
ol N= 1 SteS M=o gty n=) (f
2 2 1.5-3
3 4 3-6
4 8 6-12
5 16 12-24
6 32 24-48
7 64 48-96
8 128 96-192
9 256 192-384
10 512 384-768

el 4l 35 plas S5k ) slogas sla el V93 (10,5 02,8 Sldas jo V7
Lo=C 4 yl; =B . 34 Gac=A (
ole; =C g Lo =B 34 gese =A (Y
Lea =C 4 3485 30 =B . jlo;=A (¥
Sodi 326 =0 3 lei =B L =A (P




W sk 845A (YAY) &S = (28 gy ib g (o] owidin

feaw! plas HRC WXC,B.A‘_,;?'.-»)'J& piPeivase b VY
C=fo¢B=focA=15(

1200 C:F\"ch:frisA:\Q(\'
C:\QGB:F;I‘A:f-:(T’
}’°°° C=18 «B=fo ¢ A=#o (f
Em
4
g 600
400
200
Mortensite R/C 64
oL L N - A 1
051 10 102 0% o
Time -second log scale

TS o patinn |) (5 3a2 42 199,00 ;5w 316 9304 555 slaoYed 5 I 0ea gl aF il jlogai -VA

ol aoyn (Y s S0, ()
S 335 ke deo o (F Lo Cu 8 awys (Y
0 pdy g0 pll Fe—FepC jlogai 3l (ks 42) 4l plas jo (Full Annealing) Jols SOl 5 )l> Oldas VA
Ay b3 YL 80°F (¥ A, Ls YL 8°F (A
A¢ s ,; Yo°F (F A, L3 ,; Yo°F (¥

U S ahiszdaw (Planmetric) oG poidy lea U (Jeffries) s a5 by & gauaild 550500l ;0 A
Fall 2o p0 o glao dizr b0 pls

doo (Y Yoo ()
dooo (f Yooo (Y’
JSG 50 7 30 @ byye jlogei b ge il Cail g ke 30 (S liee S a0 lEIL —A)
900 Sl plas” 3
aick 185 (7) el gl A 5 (@) cuzsjle 2 C (1
; C (7) cuzl 51 C 5 () cozle o1 B (Y
700 460 .

! (7) ezl gy B g () cuzsle sluA (T
%_600: -ssé (v) ."...,.,.;:...Jkslxc,((x') Soiile slp A (F
x 500} 1° 3
el / B 142
§ o {40 %

e - .3_5"‘
£ 300} %%

- :;8

I A
P/
100 F

0 02 04 06 08 10
Weigh! percent carbon



VA axiuo 845A (YAY) &S = (28 gy ib g (o] owidin

sl oo ) (P eg0,i 45 55 AT 105 3,9 pliiady €oue jold» Suy jd —AY
b g Rl €aazma yol o anld oSS S jlisyse ploj e0ye b alS L ()
il oo Sl €oaome oli? anl B a0 g jlisjse plej s )b Rl L (Y
b oo (RalS €ouma yolid Al LSS Sz jlisyge ploj w5 b RIBIL (Y

g Rl €oazme ol i® ald LaSS S jlin e e aaje )b Sl (F
\

\ 2
03l i Gy 0 3 O, =?[(c‘—c‘.)'+(c,—c\.)v+(c‘.-o,)"]7 pedad jlre 3l edlizul b —AY

o, =8oMPa (T=0 2,9 fewI MPa W o )lg i j S50 j0 0uds
G.=\\o (\
G, =\r7 (Y
G.=Y\o (¥

= S
o‘,=\ooMPa o.=YYY? (F

o, =YooMPa
\ _\_
’Uo =—‘/—?'|:(°\_°’Y)T+(UT_°\')‘F+(°\"_°‘\)Y:|Y )-_o—nuou,—’pgl—u;)t__.&nw,)—’)—-hi)él_i ~A¥

(T=0 2,3) ol plas o: Db 2,8 (Plane stress) «ooluw LA» LA Cundg 45 J 90030

Y Y
o, +0,(0,—G,) (¥ o, +o6.(0,+0,) ()
Y Y
o, +06.(0,-0,) (f G, +0,(0,—0,) (¥
Tl 3 S @ lade (A5 Conmidg oS —AD
TA
< >
o
v
oy (F o, (¥ o, (¥ o, ()




1w 845A (YAY) a8 (28 gyl g (S (oo

a4l 35 laS' B ya0 g d09) Jogo 8 390 8 10 (38,5l b -AF

(0y-0,)" |
—+ Ty
o, ()
o, (Y
Gmax (r
tl“ax (f

Pt L g ) SIS 0 0uBo0ld il Carmady )0 § it )F OV ad S (ame)] Wl b wamgi b -AY
ol yio o diz O oy alixd ;0 haid (5 55l a Jlude A=) g KMPas/r;=o,o\omn

Oy =8°oMPa a=o9,0) (\
a=o0,\ (Y
O mig =>MPa ﬁ a=o,0 (¥

a=\ (f

el 1 ol Ly ) £, U o oul alaii plaS 50 40055 5 SV g8 S (igeil slp o) JSD axgi b —AA
S o
A " Y (
) ¥ vy
Y Y (Y
¥ (F

ol plas Qi J:Jé ‘JJJ'UA dlb‘ 23 U:""S" l._p_i -Ad
A, r—— a_r—
=[N ]+=[V]>a,[e0]
Y Y
b S (o255 (550 vl (4
S35 KuuSy 4 b JLsb b (¥

s RIS 555 5551 15 (7
W25l alold o 5l JLa L 5 (F



Y. axio 845A (YAY) &S = (28 gy ib g (o] owidin

ol plas Ty laie (((gamdns 190 0 10) 9 409, IS @ a9l
O, — O,
Y
Ty O, — Oy

(\

(¥

oY

o)

—‘.

"g-ﬂ’))’.' 2 g‘*‘:")‘ﬂ /

Fe\'+
Cel canslin W3 S plas . Fe'™ g Fe'™ Gilica glaciile jo ——— Jolai Jowsiliy (5 55 3100 11
Fe

&35 9 ool (F S35 9 o=l (V oo 5 ool (Y edl)S g 5 ()

Sl cdg wiz (H SO¢ o)\ M g CuSOy o) \M Jolds Jolxs 13 (Cu) o 39 S Jolai'  fnilis
E°cy = +9, YFV

E°y =oV

+0,YA (A

+0,¥Y (¥

+0, TF (F

+o,¥Y (f

2b 9 Wz leang yiSUl (50T bawsgi (C) o 395550 has 5 (Z0) (59, 5L 0,5 AP NP ulyi cupr

Mz, =78,TA fewl 5L

1avave ()

YRAFOA (Y

YAOAF O (¥

AYAR G (F

fadilo oo jlasly aaigf L aigf plus (5318Sn 4 Sn”(o,\M) 5 Sn”(o,\M) Seaied Lol Jolxs yo

Sn"t +ve s Sn™ E°=c)aV
Sn"™" +ve < Sn E®=—0,\fV
Sn 4 Sn™ (f Sn ", Sn"™ o Sn™ (v Sn (\

-4y

-ay

-4y

-aF



Y) axio 845A (YAY) &S = (28 gy ib g (o] owidin

el yralsl IS 51 Jiams oy annaST GlALE s 31 oibiidgi Joli Jammsilsy

oS las (Y Js e pH ()

oyanST Jolas 3yl Jailss (F Jai 355185 cles (¥

Tl yilen 9590 plas 0 VM Jalowa 5l iculid o &35 53 (Jgo culan

FeCl, (f HCI (r NaCl (v NaOH

fomwl yuiz Fe(OH)y g Fe(OH)y slajl suistas (a1 ayy9 5l0g0d 30 Jlail bad ok
—o, VA (F —o/\Y (T —o0y 0 (Y —0)of ()
3,10 0,5 L LS Jamms j0 09 1Sl plus’

Hg/HgSOy (f Hg/HgCl, (v Hg/HgO (v Ag/AgCl ¢
foml el )5 PH plas’ 3o 509 i1 (g & (uSialy) Jals T adgi il 3

Y(f Y (Y ¢ \Wv ()

S5 Jahoma 50 S 99,5801 (S a8l gl 90 5l plas (355 jlade I8 S Jakoe ClilE 50 (Al
B3 o paads |) a5

i1 Fgals (¥ ooz 65 ()
e gl Ko 2SI (gl g3 55 (F 75 lagals (7

) gt 5D it (AT CBli> Con lajed A5 Hlo gl S g cii JUD e p ) sladlg) 5o
0,10 1) (iwgn Esfaay Jloda ! (p yilen 15 S8 59,55 Elgil 5 g9 plas iy (o

Sl (53,0 (F 9 (53,05 (1 o (53,95 (¥ 25 9, ()
1090 50 59y Casly (oail ()59 0ad baiS g widy BT (559,000 U lawgs Wil pod F59y0u8 505 1)

21 St )b gal B9 008 (Y 30 Suda b gy 5B O

ol S el 59,0 (F sl S 590 5 (F

s (@ POEPREITIM JES TR 33300 P I PP T OVed lp by huxe 30 i 5395y
A ol

sl lee - slails oy ls (Y Sl e - (slails; e ()

sl b - (slails; e (F &laild; e~ glails ylee (¥

foggo Joli 1y 25 aal b5 5L plas
Enzyme+H, 22 EnzymeH™ + H*
AH' +Ae > AH
SOf™ +AH > S™ +¥H,0
S 4+YHT > H,S
(SRB) clgw sauSlal o250 (Y (IOB) s> a1 5,251 ()
(SOB) clalges sauSaST 5 250 (F (Nitriding Bacteria) sausol zs 251 (7
£3,18 0923 4l plas ;o Fe'™* s WYed (E-pH) w,e Jbeci v asei b
E<+o,AV.,o<pH <A (¥ E<-9,AV,A<pH <\? (
E>+0,AV,pH<¥ (f E<oV,pH<A (v

-4

Ry

-ay

-3A

-394

..‘oo

e\

-\-Y

~\eY

-\+¥

WY



o of Wl Qgﬂ}TMQLﬁ o) g S g0

YY axio 845A (IYAY) 08 = (28 ()3 3 (el (priies
3905 ooliiul b33 50 LS Cblis> 10 onigd lad Wil plgicas ylai ood 38 plas’ jlemf Jyoz & azgi b Vo7
Cr (f Al (¥ Zn (¥ Pb
E i 3B gelans (595 31 (T G030 LA 50 (age Jole 4 F plas <\eY
o l3jl Lo (¥ SHIPIE (5 Jgaz 43 1 Soadga ()
6 zdas L (F Calg S Canno (T
3 e ol QoL GUET s o sl b bl oo BT pauiuogll SSLIT 51 (3 5 30 (ypman¥ gdunST Sy -1+A
Tl plas’ S3,95
T 59) 2 (eglie Sgalp N By 392g (T JLsbon) o515 Sl )3 o500 Slnio 352 ()
T 53y 2 HBLE Syl M B 3925 (F JESlogy )3 2SS By 3925 (T
Toab o0 o Blis U3 10 GLT plaS &y e o g 38 o3l 5o sl Cbilis slxs! -1e4
gas Y 5 L (Y g = il 3 3wl ()
gt = ol 5 il B3gune 2l3) (¥ g (gheilly B3gazs ul8l (Y
Cde b oo LS oSl baue 30 (i (53,595) SCC Jlain! kil (35855 o¥ed & MO 09381 L -1\
fluwl plas
a3 e bl (39,05 5L > Mo (Y A8 a5l | aails; e Mo (A
S ge S slr Fheen 595 5 Mo (f a3 ge Sl | 0ya> JS25 Lz Mo (F

oy gk slBC i g pllan Cuwglio

Job (Rl ST icul a3y 1,8 UK Gullae P (LUlS (55970 Sl i 59010 plae b gegainegll (slalue
flaw] o o i Hhad  Jals ol alb Y/Fmm L ol 150 al

L=yvom,E=v0GPa,d=Yomm,v =%
l 0,00 oA ()
d

00 oA (Y
0, 00YF (¥

L 0/ OYF (¥
"

~

sl 428 )5 )18 S Billae PS5 5o )b o (59010 adade b pogainegl (glales
sl i gaighss Wiz P (59500 (o3l01) ()3 bl Y/Pmm b ool 51 50 abes Job hal381 51

ld Qo ()

\
L=y6m,E=v3GPa,d= Y’omm.v:-‘:

P P VYV (Y
L Y (¥
& il VAo (F

-

-y



YY axio 845A (YAY) &S = (28 gy ib g (o] owidin

sud 0318 (3Ll cyuzdas) £MSYI s jlei0 S 4 9 9508 518 B 4b cxi ABCD JSb i dalad 51 —)\Y

Ya Sl ol Wi A Al j0 XY dxduo )0 bawgio oy )5 T )0 () JSS 4o
o, oY (
_yfmm ‘ ¢
,’//,1 o o (Y
D Cy opef (¥
/ / 0,0% (f
/ /
foomm / /
/ /
/ w2 rmm
/’
A B »
le N X
Yoomm

25 IS W S 1eass 80 S (5 970 )b i E=r8(1o" )KSi LoVl Jodw g vin' aoio b glal
—_ ,%l'l ! gl wi A ol Al ool Couwl 423 )5 1,8
- —— — — <—<—<—in<—/ J“Y\A(‘
7 VAA (Y

A %
:; 1, 0YYA (¥
4——4—«—4—4——4—4’—4—2 '\\A(f

f it
e »

S1.og,00 )0 T'ooorev/min )90 Cag puw 50 Yo(hp) J&sl sy \'/éin o yad b oV el slalg)
foawl Ib.ft Wi JUEGH joLls alLY oin ag) Aol jhad
Yo
—
T
YYo
—_—
T
ddo
—_ (Y
T

Yooo

(f
T

Jave .Cuwl a8 8 1,3 YPOKN g,LAd g 02 3L Comd o) S 50 00l 0010 Lid olal b g0V 9 dle S
fad anlgs yio s wiz dluo (o3les Caolid el 0/ T ygunl 93 Cannsi 9 YIOGPA oY 98 dunsiua¥!

14, 00F ()

Y7o kN / Y58 kN 14, 0of (Y

\oomm Y 0,00 (¥

Y ) ) 0 O $ (f
Foemm _,/‘l °¢§

A

-\\¥

-1

-\\#



Yf axao

845A (IYAY) 05 0 (28 o yib g oyl oo

STl v=0,Y0 , E=YA0GPa ,81.0,00 )18 5) JSb @illas 5 po s i Coni glamive lall -1V

"“"""‘"P‘J)‘-"ﬂ(Y\y u.u.:_)x_v W)Ouaﬁﬁ

YA Yo%V ()
Froxyo -
axyo’ Pa . FOXVeT (Y
» ddox\e” Pa
£ —8,80%V0 " (¥
i —# %Yo (F
Aroxte” Pa 4
N " Afoxio” Pa
v
«
¥
fYoxie” Pa

9 YooGPa L ply diccw¥l Jado Cuwl 428 ,5 41,5 IS0 Bollas ) 5 po B A i glazmie olall

VA Sl A Y S 53 (o o S adlge oYY b Jlas (igulsy

fYoMPa \’",-\'x\f--"r Q
> AdoMPa f;."l‘lx\o'r (Y
A ol
o, 0AX Yo (Y
~FAx\e" (¥
—_— —— A;OMPa _"
\4
<
\4

daii 51 .Cowl ol Al 1OMM  Cooldus 4 5oV e 349 3l 9 009 yhad YOM gl )l 59,5 ,Lid Cxi 350
3 Y0 1y glaabl cu o Yl el Wi jlae A1 HLAS o pidoy (abl YPo MPa oVed audud

S i
10 ()
Yro (Y
fro (¥
oy o (F

-A

-4



YO axiwo 845A (YAY) &S = (28 gy ib g (o] owidin

e b WS s S (5 5e ST 580 I 0 1) (5l S SiU e (33 (A1 8,90 (59 sladadi
Tl jaiar aladi (o e oon Lo Al 4Bl 5

s ()

e 85 LYA (Y

shaaa 235 700 (Y

saeme A5 1VO (F

(09 g0 gyl B0 39 cazgn pj Il 51 SO plas W Sgul jT (59051 4
it Bole EalS _ Sy 2S5 Aovias sl taliil (1

ot Bole o138l L S 2Slg 5 domio Caales 1581 (Y

ity Bole LRl oS5 iy Aovis ualis talS (Y

=y Bole Rl G Sl dmie Cualid falS (T

Sl oo Cowd @ adaly ol 51 laels 50 oS5 Zlgel s g
\ \
G.v o Ka -
(—)" «v (—)" o
P P
) )
E(\—v s Ep(y—v A
(\—-v) f pi—v) .
(+v)(\=Yv)p (\+v)(\—=YV)
Sl 3y slp 1) ol 9 4z ©yge o )0 3 90,5 0 Slah Casly 15,5 gladils b by, U
faapd o0 Slpidny yiS2 95
Dgd salazul YL aely 5o o (Y Bed oslaiu! Sl dely 5l 5 ()
Sed saliul YL dalis 5= 5,1 (F S solizwl 5yl dabuy 5l- (5,1 (Y

518 odliiul 390 53V g8 dalad S0 (gl B (il (gl el 00D jlgan (S 895 G (59, 45 (5,151, 51

Tl 4z yo Wz Jol (12w 49l iy MM? oSl Z g0 a8 v 9 "“’0? il Zgo Sas p 9.9 55
d=Y°° (

¢, = £0° (¥

Gy =#0° (7

¢, =20° (f

el U dods dlold g o o B (359 Conlitd) punr U pled dlold < o oo & ol dam po yhad 551001 51
Tl o oo aixr (5,005 5 2 9l ((owihid T9d9 pis) Ll i Jgbo (ABb o uo B oo

ufu\ (\

0,08 (Y

0 f\ ("'

o/ (¥

-\Y.

-7

-\YY

-\ry

-\r¥

-1Yd



.}.’b)' ww)lf Q,n}TMQLw T fé«nﬁ)&w

Y5 amio 845A (IYAY) a5 o b a3 9 (oot] gwitigen

RVEA U \'; Mo oE oYed yo .AIRMHZ ey S (Near Field) SHop dilaio Job W gol u")i 3o
Ny s

S 2y Yomm 1) oy Had ol yio

Xe

VO (Y

Yo (Y

Yo (f

P8y oSS pallBl Lds ) il (Sl allBU Joll 4S5 g0V g dakad S B S sl (yge) 4o

Y98 Aol pguai jl il Lallal Jold Aol pguad (Sl Y98 LA u 3 )

! (6 i Al Dol gyl (Y ol (5205 S Fedg pae 1)L ()

el o3 (F e S, (F

il oo yd aly ¥ plas

b oo Al (Fouge 55,00 52T e )0 ()

sl gllas (FaisS 5 pllys )3) S a8 led Ayl 5 0L (ordaw 225380 e 3 (Y

Sl (o BU pls oy (A2S @) Ladd g Jadd Lno i 4 99,9 3 e (59, 36 e SO (2L (L LB (T

Ot (g (S9ye 42 8 g S phaw SAS J Ceold il fle (e (Saies 9y 42 (F
Wl i SouS J Cools waldly iy s JeSge

foal plas (ET) (13,5 by 903l 39 3985 30k (oaati 30 30 (pumblitng 2SI Jalge

dakad bl olgly 5 askd (S S0 Culas e K62 55 ()

aakad (S 2SI Colan g dalad @) o o ey b S o oy (S005 (liee (F

Eora S0 20 il g ankal glaad 4 i (S005 5 andad ol (T

A sladal> (o0 dlaai g 0di S Ao plad oSG o0 Ao plad (F

& > 1aS 50 YU ol b a3k 51y (SFD) ol U aeides wigllas &lols (RT) 31,5931, ;9051 50

faul o Cowd

g5 fSlax ((J5) Jolas 425 pas ()

Ay =0, 0YiIN 348 mul 0, 0F (IS) Joles zgog pac (Y

g =Up Lgd plp owdid zadg pae g pld S5 zg2g pac (7

D38 (Ug) owiid zobg poe 5l 25,5 (L3 (Up) old SIS 7905 pae (¥

-\r¥

-\Yy

-\YA

-1Y4

-\y.



o f @nm)lf Qy}TMQU -9 meﬁ)M

YY axio 845A (IYAY) uS = 28 w3l g oy i




o f @nm)lf Qy}TMQU -9 meﬁ)M

YA axio 845A (IYAY) uS = 28 w3l g oy i




