10220PME 300600 #/ IR} &G Introduction to Material Science

HAh=&— Midterm Exam | AM 10:10-12:00, March 31, 2014

1. & T 71 Answer following questions briefly:  (60%)

(@) 5TE FCC ffiEHYEE - Calculate the density of FCC copper metal. (atomic
radius = 0.128 nm, atomic mass = 63.55 g/mol)

(b) 7E B {ir /A i HH[211] ~ [011] ~ [111]£2(011) ~ (111) - Draw the [211], [011], [111]
directions and the (011), (111) planes in the unit cells.

(c) 51 <101> 5 [ 4H 4E IF 5 &5 B BT E 5 1| - List all directions of <101> in a
tetragonal crystal.

(d) 51 E 4 E BCC gAY E T HEFER T~ - Calculate the atomic packing factor of a
metal BCC crystal structure.

(e) 5TE FCC A8 H[100]E4[110] 5 e 2 J& T4 & FEHYEL{E - Calculate the ratio of
atomic linear density between [100] and [110] directions.

(f) EH#EA T A E Y & JH 25 & - Depict the atomic position indices in a
diamond cubic unit cell.

(9) <2 & (5 1K 50. 128nm) e — {8/ [ i, 57 2 VT 2RI By Lok - RITRA dtofir
7 FfE B4 9 Calculate the angle between two grains in a low-angle tilt
boundary with 1 um edge-dislocation spacing of copper metal (atomic radius =
0.128 nm).

(h) 558t < JB TP Rl 22 iR Pl R Y VS L AE £50.55eV » K300°CHF 22 BRI EL B Ky 2% /b 2
The activation energy to form a vacancy is 0.55 eV for lead metal. Calculate the
ratio of vacancy at 300 °C. (k = 1.38 x 10 J/K = 8.63 x 10~ eV/K)

(i) /#F 0.1wt96C higsl{EFR bR E 1.2wt9%6C Nt LUShR R - 5 AK(E 0.1cm 2E5E
521 0.65wWt%C JEfE » FEENEZL /X ? Calculate the diffusion time to get a 0.65wt
9% C concentration underneath 0.1 cm for a carbonization of 0.1wt%C steel with a
surface 1.2wt9%C concentration. (D = 1.87 x 10™" cm?/s)

() 48 EERIAE TAZ ME ST FESE AR 4R hfmT 5T H ol MR B ~ FRIR58IE ~ F (o -
3% ~ #7]14E - Sketch to explain how to define the elastic modulus, yield strength,

tensile strength, elongation, and toughness in the engineering stress-engineering
strain curve.



(K) fE RIS I 2% ) = R EE 5575 2 List attention items for measuring hardness.
(1) “e & ks st i o380 D N ET BB 522 - Sketch and explain the effect of
test temperature on the fracture impact energy for the Charpy impact test of steel.

. 4B ER BE A B 20 o Sketch and explain the characteristics of the seven
crystal systems.  (10%)

. (2)58HH FCC FHASHY(100) ~ (L10)Ee5IEA{FAE 5 (D)5 FCC SEASHYAT 5 [ESEH
I - (a) Prove that the diffraction peaks of (100) and (110) planes are not found for a
FCC crystal. (b) List the earlier five diffraction peaks of FCC crystals. (10%)

. aTEFE TR FCC il BCC S HSZE[HAE 4N i AR R [ F4K - Calculate the
maximum interstitial atomic radius of the octahedral interstitial in FCC and BCC of
Fe. (atomic radius of Fe = 0.126 nm).  (10%)

. HEEEE TSR —BTE — 7E/E - Derive the Fick’s first and second laws:

dc | dc a dc
—_ = =D == = bl 0,
J= arx_ Ddx’dt_dx(Ddx) (10%)
. ERLIEET o~ TIREE: . HE o~ HIESR e - MRS HEBPIS A
or=0(1+¢), er=In(1+¢) -
Define the engineering stress o, engineering strain &, true stress or, true strain &r, and
prove or = o(1 + €); er =In(1 + &) for the uniform deformation stage.  (10%)
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(@)

FCC: V2a=4r a=2V2r ©

Volume of aunitcell: V=a®=16v2r> ©
4 atoms per unit cell @

63.55

i, o _mass 6.02x10%3 % _ g
Density: p = volume ~ 16v2(0.128x10-7)3 8.898 /cm3 e
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Vunit cell o
2atoms/unit cell ©
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(9)
% B FCC structure . a

FCC & HET7 18] F5<110>

VZa=4R »a=—+

4 g
ﬁR = 5(1.28) = 3.62A0

Hitk & Fy < 110 > @

kSRR A b:% — 2564

£

FCC &HEH [0 F5<110> » 1At e B E AP [FT-HiE 0
HlA 2 EEFH1% =1.28A x2=256A ©

2.56x10~10
o =-——"
1x10~6

0= % — 256 x 10~* = 0.015°@

(h)

_ -19
an = exp (— E—,‘;) O T AHHE =exp (— M) =147 X 107°©

1.38x10723x573

()

Cs = 1.2wt%

Co = 0.1wt%

Cy = 0.65wt%

Cs—Cx _ x g _ 12065 1 ox
Cs—Co erf (Zx/D_t) ® fir ABH = 1.2-01 2 " 2vDt 0.50
x = Dt 7 AEH 1073 = 1.87 x 10~11¢

i

Cx By CoBl Cs 245 ® » Hilx = VDt #% A%{E 1073 =vV1.87 x 10~11t©
~ t=535x10%*(s) @

()
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QAHBRE(UTSTTS) » @IEHE = 100e,> GFDHE = [7ode - BrPh
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SR PRI - HERAIR MBI EGRAYRIRE - 0
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2.
8% B8 15 5y > %5 Btk 8% 0.5 43|
BR REERMNEEA mRiEAT
AT a=b=cia==y=090° a
Nk a=b#c;a=p=y=90° &
. a
c
Rl a*b#*c; a=p=y=90° b
a




B BA RIS ] BT
7718 a=b=c;a=p=y+90°
AVl = b#c ;i a=f=90°> y= 120
B RS a+b#c i a=f= 90°*y ﬁ
P
=RHE a®b*c ; axfEy+90° ’l
el —

3.
(@)

FCC &8 (100) Vi ] (200) - [ A THL O IR TFAE® » 117 (200) )7 5-F i fEEE TS £ (100)F 51
T EEAY — @ > (NI (100) 7 1 D AR 2 R BB & > HII(200) [P i e AR 22 Al Ry =FR
& o BIEESENER - MREE NGRSO - FELHYEH - (110) 1 mHfHHY(220)
FEAELFETFEO - 111(220) Fi1-F E S F(110)F 5P EE Ay —F - Frl Az 46
Hig@ - FCC AeE L SehTiRiy R T s RO A e Ear B i -

(b)

REB(hP+K+ PR IEFEH | & 4 A Bl 2 s

(100)X ;
(110)X ;

(111)5 &5t - @
(200)35 25l ; @

(210)X ;
(211)X ;

(220)%5 =%e5Tl%  ©
(221)X > (300)X :

(310)X ;

(BLI)ZEIULEST I - @



(222)F T8I - @

4.
HE TRy 0.126 nm
(DFCC : JFF18 R > HFCCHEMAGHRA Ry /(G ZE 5 (B0 O L B O) 15 1 AR T r0 > K

x5 2Ar+R) = 2@ > 1= (VZ-1)RO = 0.414R = 0.0522 nm®
(2)BCC : 21K R » H BCC FHGH A Ry /ARG ZE b5 (A1 Lo B O )G AT B4 JE TR r @ > H7f

2 _ AR — (2 _ — _
I z(r+R)_ﬁ0—>r_(ﬁ 1)Ro_0.155R_0.0195nmo



5.

3% P122, 125

BT

Eas Wi IR -~ ek a (£ x J7F L) » i —RFE A N ERERT - S5—ERTE N AEA
BIRT N1> No® © FFELE x TR FRE) - SR BAVRE R r o XREEE A 7S E
AIpkEIEY I3 > BT DASE IR (7 x J7 1A _B)RVAESR B(16)r@ » HF i E) By

J=(1/6)(N. =Ny r......... (1) - O

J Ry BN IR 2 i B T AR AV IR -8 H

W~E I A E R AR ¢ = N/a®

FrLL(L) BT 5 Bk J =(a/6)(c1 —c,) r » @ de/dx = (¢ — c1)/a LA
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Ji1>J; o IR EAHH A - HIE FHEREERIIR S (LERHEO - FrLl00
dc_J,-J3, Jemw " J_ dI_ d (D%]
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E‘ AX AX dx _&

6.

Ao ¢ JFRIAIEEITE O

lo * JRIGIEFERO

li : B REO

A BEEIFEEETR O

B ESE NS ELL D Aox lo=Aix ;@

TFEET] 0= FIA®

THEFESE e =(I; — lo)/lo= Al/lp @

EIEST or=FIA 0= (F/Ag)x( Ad/Ai) = (FIA)x( lillg) = (FIA)x[(lo+ AD/lg) =c (1 + &) O

HESE o= fl’o# = In(li/le) @= In((lo+ Al)/lo) = In(1+¢) @



