DEPARTMENT OF MECHANICAL ENUINEERING]

3 MEbL 4o% - ENGUNEERINGT MATERALS AAND
METALLURGHY

UNIT X [ MECHANICAL PRofERTIES Arip DEFoRmaTon]
MECHANISMS

e iy

% i M e clhanipi oé P?M‘HC dlééormaﬁo@ sy and
| ' o ma,&ew‘

1 ’h,uinm‘f?@ — TYped 06 61(&@{:“(6 /’wa}'m@ 6 ¥
| ComP@d)Qn ano‘ /fhea( ’OJLA/J-‘HOW n

= ﬂochwellj- 1mfaab +er?

nel), \ickeld an
dnJ @ gQ}? ég\”d(é

reys [ B 5
E IZaﬁt Glﬂa. C,frm\f[’ijj/F‘a'}-ra

e chansm? -
" ENe ¢ mea ke r(a,@ .
properties % Nl TEEE
W o

':) 'TL,‘p:j ave fH’\OMﬂﬂAJ 06 Gl;ébz(grr} e:ma i
ma}@nd@ a\/a}]dblﬂ A'Da\aj ‘ BH—E fhey gay,w‘n
Plaae\z) L Hiloas: | G ofher  of, the lgolla i

Caira@m?w .
L m?)a-Q)

2 Po[jmﬂva
D o\na\

ineerin 5

i inofaa,nif, @la/»@
By Ay
Y. (/on‘F"/M@'

l = mQ,C,L\ﬂﬂTCU-Q fDFé’J‘H@J
| ) 'H'la,& d@cv;b-é ) bebaviouY

(96 m@terf é ()
unob.z" e acBon @(9 cutern o :

0 /)o;«nJ l—’—mwl&igé °4 mﬁclvém;(ap properties
u very We_nﬁaQ ber an ena.'nzer o Helect
Y i medbend) o R

PuLPd/M '

are Thode c havact=ristic)

Scanned by CamScanner



—

MCC]’EU’);CK‘IQ Pl’o,Pey.H@ | Lol

| Elapticihg: |
ATl MR propeity oh « ma}en'a.o ’Z_‘j i

Vittwe of, which it i cble 4o refaio iy ovigin

/Yhafe_ and’ S;Z“- Ooé'fﬁ/ Hao- Y-ermowbo 06 flo Iaaao. ‘
Evarples: siool) and vaber i A

Thit property Aevvable Ma g wred

tooly cind machines.

2. pPlawticity -
W:LL— e ?h[’&'ﬁ f, i ”ﬂon‘er?a._o' 4
Vi O{) quqic/’) A P—eimanan')" o{ma.}-{:;o LE‘M |
* neve
houk hre) deke Place,  wha
; :r;ct ngchv Neo | cction ob @Wrema-o éovca. L
Su) e |
EW’: Clo:j and lead -

T PVDP&!B L 06 :'mPN"fWCQ 1A 60”"’""8, /VLafma

ana\ @uh’ud ?no o Fem,ﬁory) 4

‘ ucxl:””ﬂ‘.f'

n into wire? }’Lof-e_

Vigue o which if can be. daw
qu\'w-e Yukce plee -

; b b=l ed
: =) Vuc,l’—‘”"t‘j 06 ma}ef,a_o Can | ‘ h |
f—erceﬂh@a 06 -Qlonaq AN
06 vzduc,h’b nl 06 arefq ';ffl‘\ ‘
| f o a‘f\d' _‘_Iﬁ‘;lj ‘

Scanned by CamScanner



%

' @
b mallaablity -
A A A

Tt fue Popeny of o mateid) b
Virtkee  of which b can w}%»»}owd Jééoyma#m
undeY com[){mfon W‘lﬁnod-& YuPl’we.

Exampld: =~ criald andead.
TLy  propedy O of  mpotffance
O/Yera»}{om-

S - Butkleney: - *
Viytue oé el et will 6Yac§;ure uuH’ho;.uﬂ: any

Q'FP ve ciallo daéonmd‘HO“'

£ wamples:  Cedt 1¥0 O and %IQ/D
W;\/{?\:Paljj Ly desable 1~ rechial
w g

M Ay be S'u{;jé(zbed

e 69‘(3-’08 awroo Yo”n‘ﬂa

Fa{{w w[ﬂ‘Cb

Jo gualcben loa(,LJ, m

|
i

) W:ib Lt ek of, alma'a}ériap by

virtfuz ©of which (it w able @ .\@A)d} clbrapion,
{~dentakion C O
A¢{a+clrnff'a- o

> 1k Y mecwurec{ l::j flea yegg,{-anv@e[% r

ik ohbers to Ao(af\:ch)na )

Penefhaﬁm) maclmﬂmial.m?{. y g

E namp les: D lamen c‘ ’ ﬁ/l»@w,}z a
W ' i r

=

Scanned by CamScanner



% * 9-”6(7“%-” | .
Tk D e PmFé'"L:j ol a ma+¢r?a.9 l”j R

viy e op which 1+ ety Jééorrna%rom b\

|

> nodul of, elapbicdidy (1.2 yabio ol strew fo fla
Sheain below Eetic imb ) L o Mmeaure ok L‘

S ikbrew) ae a ma,terrc{,o.
Vis enece .
% p.ff’_,\',\,\,w iE b e me&ft‘j oh a mal-erfap kj

vichue o) which 1+ A energy and  Yeriyf Ahock

v Impact: |
5 by mearured by e Gmeunt o enegy
thal can be Aored per unit Volums =ffof ;72;-,,8
Mrened Fo  aeldHc |imit:
=) Thas PYO?@@ O desvable 10 mﬁerrq_@ M
éo,. A/)?n‘nz/). e
=) The AU W’@j whith  coan be /M—or-eaf )
(n o J’O%ﬂ cpye flea elarsic [imit ‘L!n‘ C‘all—eéé
fe ool verliencaand e Preof, yeHilicnee
per Uik Volume U Called fhe moa@ %

\fw ence .
|0 - C,nze,f?: - A 3
iy o e prpedy ©f @ medediak
Oé Ud\n!dq " d-eécum conti ouou{fﬁ u,,;[” )
4y b contidered indesige

\

‘ \I'u_,‘" __'1\"' L

al |!x'.

Sl repe cord
bolevs, tarbing, ete -

L

- endurance.:
W

Scanned by CamScanner



2. S}Ier‘ %

Tt O Ao PfDPelb oé a matgy;a_g I’J
vivhe of, wineh W can withpand 0¥ support an
DR RN withouk yaphure
9 —tus  propety U very impoffant while Aewgning

vatows  Myruckure) and Componzrrb)-
e Llayfic Aher Eh 'R A |

r\(\/a/ :[’:' ) *bx__o_ va e % 10%0 er@Ponolsna
+D 'l’raM'lHOﬁ éYom ZPM: "’D PIM«H'[__ YQnaé 5
b) Pleatic Hrength:
il Mj} L Al I\b!fotﬂ— o, ‘loa
}o PlMH(_ Yomae amd *(MP‘}W("Q'I

J corres FO"A:"O

mpack Shren E b

L onidh B iSER veridk Y akierh Mhock
\/‘y\:u_,a © wwhi €
€enzgy beéore_ 4 ﬁ‘(ac{:uv@ 2

—ig ue -
.IH-% 5 i Pm?@ﬂy of, « ry,\a_q,e',,{-q;Q by

it b
Vivkae oh cwhich s d%afrﬂd unol@r Migl“CEu“Ha
oy WeE Pea,@e,() |oacj-l | i
p%ofmﬂ}iaﬂ ’Ob Meﬁ‘@ " A SE A *!' 1 2
AV P ‘ b g . |
=) Wher éorce 2 aP?""Z‘J o 'fP“@f?t;rO'-‘-‘”ecﬂa/ ~
Clze awl}af Shape woil) e ‘dvl-lre\ﬁé% ANy | C .

1y : : ' - STEST) S

¢ T2 aml/af Qhafze 06 o mefet o
atééofmaﬁan 06 A me.{—«a__o'
2 The Aebarmafﬁoﬁ can be
~{—e-m‘|7omg. |
= ,Permmnﬂ-n" 4%3 2]

%

-

Scanned by CamScanner



cPaM'-é,‘m,B;.‘on_'-
o Y
| gl Rgeo TR
/\M/' !

ElectHc Glzzéovmaﬁ-r'ao I o
alzgormah’oo of a bedy whch completely Ofd‘JaPPeaV’A
y Aoon af (%=} gu,}—ema,o load U vemoved érorn
o hody .

2. Pleanhkc cleborrm—ﬁar\: | ,
wa .rv—\/\/\/\/Plawh_C Aeéormaﬁj—i‘or) R (CT-N a‘eéorma’l—vbn

o, ' Thody Ul e e After yemovicg fle
00T i et b

' EFOR MAT on
MECHRAISM OF PLASDC PEFORMATIC

- S—

— e

E FOPMA TioN
| oo b AR HREEE

Tlhe fwe mad@ 06 PlaJ«Hc_ 'Dletéorma-}fon are’

| SLp
D fru_)'lﬁﬂ:na

Pa(jovm aboO b:j S IFF

|
!
|
!
\
! TV Ve L o
|
|
|
|

‘ o Slip Mmay b dpeé;wﬂf ay e sndma 'oé' Llocks oé

Ao vad,LaD ovel one Onotlhioy d[on@ a[eéml-}-e
cvwranoampm planey called  glip P]an@-ﬂ’“hqll fae
Péfeéembla diveckioo L Cal{‘eo? tha  Alip _dffequon.

9. )
:—)ln other wordy, the /\HF L de‘igrnaa} ay _‘_-";'-
de(jarmolﬁo‘n,u)laréh moves Ahe cheny  dh

0

Aistemnce) velah K fo deh N
1y 3 e | | 1 )

- Jheay

indevatemic

Postio” .

Scanned by CamScanner



| 2 Lk meand pek He diplocation ]"C'V*”a

Fiechan/in BLidte] &

v S
=) =2 me chaniim  of J/}P W actua—ﬁﬂj Ao 1o 1
ma\/()w/t@w/e (®Y) A;/)IOCCH)—FOO 10 tee C’:_‘jJ/a,O
l[akkice .
5 e Al a2
mede o many  cTypals «t  elevakted
A-QMPera’rur@-
By Ee-waminaton ol the /Nfé)ace_ o a c:peéorméov
Cﬂ/“’ﬁ\p under microdcope Aho wh ﬂrcuﬁu& Oé

?amllao liaey which Cayr@Po’d to glepy ©7

A Mrbacé. Thzay ave called < JI;P |Yne)

e Shear AkNew vecVu‘Fv‘éJ 604 Pmdua‘n@ a Slp
Ao fo M2 MmeoVEncaa o dvlocatiory o a Snal

é)’&c{;}bfl &G ’H"‘Q M@Y@HCQ,O \/a(u.n) C‘JQ)
CU‘/b) ind T matchey +le calc/),zflfepf Shoay

Ahemaﬁ‘w 06 et -
o vchaniam |4 Hip g L S e
dr\o' m&\/eQOJr‘ oé OQ;GIOCQHO/\ IS

=) «r]/uzré_éoré fle enara:j r@(/ufféc.d 60( W movaplrnt
Oé Aiglocation |ja2 Y ai\/en by the yelation .

i

Fol R.ob%
[,L}[/Lﬁ\fd E = Yaunaf& fngcluh.d
KE Ie”ﬁf‘“ O(D' Aoy locakion [in2

Cn = Shear MQGJJM
L - urd Blip vector @V p,qvaew vecior

= e -@Hé—'@j \reabuiréo# will be minimaen whenr
L (vechb B o ae hav"n@ fe lows) Valuo |
e

Sherkesr <lip yector U the | Saglest " dileation

4o 56?0@&‘?— anc, Qw?ﬂrr\c‘ éox‘r PLDMHC

def ovmation by p.
Scanned by CamScanner



e vesoed  Ahear 4+.fw,¢

T —————— o .

(.v:~H Cu-o Ve-«ml\léc—b slq.eaf 4}1’@0‘&9/ ]

The 4-}@{4 a./E which ship SYart) in A cg/)f}aa@',
deperds ©0 the YEWdivE ovieptation?  of e N
eye W v peck Yo e A[F P\a,,_g OLM]

Shen) anig N % .1
e Al dicection. o "-,
PNQVMD_Q b 7 ‘ ri

\ / \

i aye dwvedwen

T -0 Cos Alosd

‘ l ' ‘ '\NQ\&V@_ o= %

) R

wWhicl, U110 the

acl:uap Hreer) opem%na on fe /Hp Systenr “I”@-uh"‘ff:’
Erom fhe CIFPhCa«HO/) 06 A.mPLa Yewile Hress -

O.T:-—_— [ " R i l i
23 i i

7o ey aPPhﬁ"o ébi"ce ‘ F@vaefd)c.
¢ ro)M - deckion ﬁr@ch) b e

- RArea 06 /l\na[_p_ Cj!d&’l"‘vo

his yepolved /»lem gy
Valubo- Cal(eq' a4 c;r(»h&-, i,

Scanned by CamScanner



F= ppplied foce aleqy de cyatad aviy. &
p- prea of the dwc& CcYoX) —dectonoid)
B pesgle petween nomal) to Aip plane and

F

e ﬂ,\CdLQ beltween NormuQ to fle /)“P-— d:rec-h'on
ard) SET
{Fovcé operaHnZ) 1N e ~F CQ/))
sip  divection
Sup Plang €0 o e = gk
{ ar\/e,q AYE A C‘MCP
Ay a @ult, tha Fedolved  Shoar Hheny 4 4 Iiven by
1~ Feedx
A ) co)®

= coA X' C“MCP

i

A

Lo o C{PPL\@J Fensile ey .

| A - value of 1 to produce  S)ip by diglocation

| motion 4 CC«"”QJ &y Cff'chg_,O Y@o\uec, Shoay
d{}_ﬂ&ﬁ L/C Q%j Adnd Cd?ven ‘7:9

WO& > o P

| ) The ANey V%u"fﬂ:’ at « ‘6Weh mpera—}uve_f)—o

mmaﬁ;e Slip 1n A ?ME O‘lr’o\ perbect gma?_e .
bo\f qul:eﬁ 7] C@M'}'ﬂﬂ’}w L =ro

@
Wy Sthmid?

S 1 equaten e dem copcosk b Erown as
Ao gd,,mwbw [Qacf""

| awo

Scanned by CamScanner



Dﬁéofma'h'on Iaj wlﬂﬂ|09 -1'1

The newxk I|MPortant mec hanym \9& which fhée);a@
a&eb maticO ©ccul. 4 Enown aj Twlnnma ;
> .-r-w.nmna L the P,M in which Ha ecdond 10 a

(K== Ob & Cf’:jA%a.Q W’@ecteﬂ’ to Atess, veonrfatnoe
seormelves  So fhall 0ne pate oh Hea ey phed)
Iaewv’”@ a miYror :maxae o.é,n,_g Oty -FQ’H‘/

|

o Twinnieg b fua Plaptic def ormatio0 which takey
fw o Plamw dua o a e} obéc‘fc@
yven meMQv The fwo Pbme}

ore Ictally Parq”d) ho’eadq other and are—.
Ly e Wit planey . lihere M B
oy aémc{—:on aéan inkerafomic didtance

veldive J'DIM ne\ahl,oum

Plac.-@ 0[10!\8

actia L0 A

2 Like Alip, '*"’“‘”"'”6 GJMOA!)' take P?ar_e Tndf-eda-O
Planes c,«n»ecl hwinnicg Planes.

\

5l ok Dl (o IR
lh/},,ﬂn,b[c_anﬂtrbuﬁ: IEs maa anve Co

«né[qgnce_ wn the +D+6¢Q amount ©

Scanned by CamScanner



o

Ob A@mme'hf_'j ' érom where  fle kw.‘nnlaa %ﬁfﬁb
M "'Uﬁ“n‘ﬁ(g 'P\a{ﬂ@l

) (P C:CP (\,Q 20— o9 : =
L N W W q ‘ |
vl ‘ | )
C———0—0-HH—H—O B—P—p
N ’: ’)
(RS W, X W N N ) b
B ~5-9
‘ D
“* I . ! . ! ! i
(0) Valore  \inmin @

l\'\ﬂe\r\amsm 3 T‘-‘-*-‘“\'\)h
= 14 ha) heen o)a/)grv-dcﬁ rH,,,_,,Q ,)’hcz Ua/)'} )
dkou.@, e .{fwmﬂf“ F)ame/) A r[’LuQ atJ‘:OW 10 tha

YeD'OM & W I .‘L ‘96 Hoo | ERIGERNA Piges Be
and fte \('"ﬂhf} OEM J'wmf‘?f‘a P\qn—Q C.D YEmain
un di /J}ubbéa‘ "

cfom movey
A f}'MJ\nnEJ region Each o
% Méw‘mot m(:ti propertora’ e 1) a“*’*‘meémm
P cdnapacind
e 0 4o
70 A Cp);e- Y new’ FM'HOH 3¢ M :@l nﬂﬁy

2 The r)’lﬂinnm6 Kr
MOVZM’D& 06 A,‘J[ocq,ﬁiﬂo * i1

BeTween SLIP Qﬁ{?' B
Yo\ V‘l/' ‘ '."-[

eccurs)

oM Apisor
£ ihgd

Scanned by CamScanner




5 Tle 44‘0"‘”1 movenent? Tlhe af omic ﬁygm&ﬂ’b
ave over lafge dutances | o sver a Lreckion

oL edomic /yﬁaatna '

L. | Tuere M no by cl\anae_ ~winned et UﬂaQoofaa
Vo il oviemdation of the |4 C—I"ﬂ"‘af_ Lo el

AR A@"e( Mip e ovientznio O and be'w:j
OCLufPfO‘ oy 06M unkwina
AL
S| Slip dake) Place when Tlere U no yole box
Hhear Hrem Yeached Y';gjo\\l‘-é'a‘ criticdd ¢leav
yejolved c_r?h'ca,o Sheay Aher)

Shiey

i vl

Eracbuwe v the pechan Cdo é W = 4 1t
makeraQ cwhich will Poduce fle Aepovation or)

(ﬂdafwﬂﬂ—f—dr)ﬂon oh a el 4 m'hﬂ Jwe Cot/ Moré-
par) ueder  ylns ation 0{7 Miene -

|

s ‘o W | =

The [our .m)%(ian’r TYype) 0& éracl:w@ é« |

) pertle {ractive {5

/-f) cneep i veichio=" AR

-
T

BRITTEE WE

Scanned by CamScanner



i

{

techuial % itiaibactue s gD BT <

v

[ ot r?Hy‘l Hy, Cracle Huwz oty

Tk W vaéap el the e ab which
A maf}-cria/Q éracLurw L fay Lelow e |ower valwe
06 (0 i’ o(e’ac,o b(éa/ﬁf'na /J/Fﬂzr:a{/h Caﬂc«.paﬁhecp értm’)

E ,}—om; (£ A/P ‘@’Tj;’h '
g ey wWords the frackere Arrengfh

lfm[’ﬂ)
(.,_enw@ b bat low N
0{5 wjap r;:(a.o A (O MY VW KO( Al |
Tro oY ;
> P ccording ‘o Crbbith, the M crepancy  potueen

Ao /‘Hér\ﬁ)m Oé Y‘@,O d/ﬂo} |4 W‘G('/eﬂa_@ 4 [, e0
to &y ém"z e e F) which acts o Concentraie
e ey @b el Fipo ©y erd.

Mr;éb‘,!’h Hazory ! ~
|/v—\/‘/

L

a bitdle mar)er?ap;d’buerze are prangy

in

flo

L7
Fia fRl-=
é?q.a Cracks, These cycuicky coneerlrglo

e C;}QPHQC/ e 'a/’; '}’L"Qi‘/ H P27 oy tflmd!.zj

»o When  tlee Mey ak the +ip2 ©of a crack
6%&2% flie MDF&HC«Q /}/‘f'f% \/a[u@,m
@Mpd”CIJ d”‘C’ érac&ure @ Cceyr)) .
Crack

£ < pPlanation a, mechanijm 513\(_9 Ja_f\r/’lfﬂ_e éYaCEure -

W L
oy @ Crack ShielipHiietaiczdectic?

Condl
g2 bféa{'anlz)@@u/ )/F"Zcf"'@"? ) Shown ia 6}8‘4,(.@.
o4 ‘,
i

S —‘@—c_\“’!

Lo

Scanned by CamScanner



o L

U1 12{96:
o

2 It 1 OJ/;MNQJ; Ha !
at,?P).‘eJ o e Apecien fer taz apf

ey b distrib

5 ANeped, perent

crec [ .
mail-er’ ‘ bzéme . 0 Lrati ™ enerd Y
energyq Y Lnow?

When o Crack begin?
enoqy U &) ecyed

PVOFQ%
- N
nutlace

e L e ey gacen gt
Chﬁ“p;iof‘ op fle new Auilpce -

g = Tenile Mey QFFI;{J Yo flia Apecinen -
T e, SR at W’HP ob e cyact="
¢ 2 Ha,oé lengfh IOBM Ctacle ’
$ . Padin of carvatue akfte end) ob e

ellipye |
g wher & tewsileo e v

clloul difac ieracEaie Such

mnimur\f’/}/}.(w R L)
e ol fee Hp o6
,HP/) —T e Mmayiirmum /H_r% )

e T given 9
O-m = 2O ?
J - 4

il roed il NelliEn N Sl i SR

=S ULE MEaT e

D enogy b dfor= Y Ao
¢ | yedacli| Tl AfeT

preo pe 344—?:\ % elastic

s Cyacle
abio unJlar:'ﬁvjj ’6:3@ are c_rea,&ecﬁ i
&), Ne

in amount 26 enerQd caltec)
eneqY /f’"‘"JJr he

)

o %
hoo bragtwe s Ui

i gu[;;)@d r)’lnu_g e cyacle Propaaq,@ when
celecoed Mhain €249 5 Jwit  Supbicient 4o

Scanned by CamScanner



flesoeting ol Slarie | ieeery, I RN
The 44‘-{6‘(‘1’(\ mfdfj Pe{ a0 LS o 1;‘ '

where k= \fao(nald madup@ ob
tlhe rhahleff’ap-

o Llotic Main E2HY velewed hy M;ven 5

S S
APrMoD.’na 0!9 c | Ckaclk Ob unip A g ?
UE = J‘Q' v H—(éﬁix Wi'ﬂh’h NF
2 E

-l 7
- q__——- 7(\_16'»)(\
2

- cllekioo Ahews 114;(,@ e
o cal gy

3}\/&”

4 larger and
s oo Veldete ) ‘ 0
o e Wil be Jwice MV"["&
hen 2200 ECEE

4
e
/)@";Wfﬂﬂ rele o

Wa ZJZ/Y) @‘

Scanned by CamScanner



The dotad ch oy &N F”"""”““Q Cuergy Tm'mﬂrh'f?]
érom e Crealtor 0[) e  crael / D(ONPA ij -

+ Y c

ﬂCtOb\ff’a o C/‘"‘é()’h’“” , e cCrack il Pr’u{)mﬁa‘ﬁ;,

bfld'{ LQ G{OCA’I:UFQ— u)lfl@n (ZLg] | AC Y mée e

dnd F‘ba{uco Aoe) net C}anae e fota

in 1ty Fena Hn

(NCYE a2 OJO
ener)Y the  Aystem
MQ‘}’[/LE!’WG{J'RCa”y/
Auv
— - O
dc
' o iy o
'O{“ ’30’[ 2 e
PR :
’LrCL
o) " 2 R s,
E

pove Equaton U catled el 2 fracture
T b apo L

é&LUmﬁOn' /
3 haeyverionr) Com »2e
flae 60”0(4{)1“0 (2
F(Dﬂ" QCDN@ /
wade
) The ) ey necedhary fo cawie bntile 6~rachre
vaii-é/ foversely o [l Square (oo} 06

o Cracke et
n) The c.s/ih"cap tenaile Ahrew reg v :D
e F“Oaﬁe e ciocie dfor’)"’cmeow(j >3
Symaller tan e ({0”"8’/) ol AR
materiadV”
0 ke Cﬂvi[36}q\+, Wwﬁ U valid ©n éoy'
o petbect lodtfle rarerial like Glay .-

Scanned by CamScanner

1
s ¥4




5 when g ducti Lo

PUC TILY W @

P T T

DUC‘;;LQ éYGC'['UYZ )’YIC!:‘j ke deéinQ' A ’}M

6YGC\L/UY_Z U)L"CJ" " ckel l9 zC(CQ b& (= JIOW F{DFaaah'orj

C Yacle with GFVYQ ciable P(C'M'Hc cjé’éovmaf'f'on,

%
A/[)egin/u?n 1 /[/J%J'@C{e‘c} 4o
ile Aher, e M vess - Hvain curve  car e

Aend
ipained v dheunic figure,
94 E
S S
%
&
P e _px
Ctvon
Vuckila Véwg\'q’cn_wg

> Yo 65@(,((2, ﬂ,@ [703""!' F Tue é\/acfune takes
= n

'F ,ace '

= —(uqre y
wgehaniym % ducle Qe ey
VO O LY /})ma@ In e develofw 6G
cu r—aﬂd’ Cone
duclile {Dmc%uwé/ a,g)o cé(/l.ec' P

‘ ouJ? I\ﬂ éf e o
lradure 0 dhde i

fi i 1]

Y

C)-k? - 0nd "C.O\—\_Q_
Trockuve

Qhvess

Scanned by CamScanner



= F;au"@ ;nCli(C‘/p'@ ']k@ 6orma4‘fm 06 a neck, wihen
A AUCL"LZ /}/Fé’_c"nrt.ﬂ?l’) 4 Sul?:}'ec{;e,:. r”'{j J’QM;LZ »’)—Y% ¢
wher Hxe tewile MMrew o :'ncreau;ec:) loey‘pu;’cl
e uldinare - fesile ey Dok point k£ in 6;"(—’]“@
4 rece U bomed infle specwen.

‘:)‘Tu,o_ wm“fn”“)’:’ op 0b fle pleutic de ovmadi on
?mdqc@ mainy) é;‘nz cavities o the 3pec’no, i
ad Ao ;(7 6;8(,{% |

= undes Cpnh'nuecf )h’m’m’na fledie caviey
jfbt/u Gndl éorm a c:@rfh’okD Cracl ,  A) Chowwn
o bigeve -

2 The Cack gYowl o dicedfion Perpendice o,
fo tue aws of ftw APedren untl/ |f
approachey flee Aurface A fte Apecimen . Jf
fleh  prepegarey b e ISU’féaCQ o4 frua
Apecinen Ho Lorm feo cone pait

‘ b flca
é)’acturﬁ/ a) Ahown 10 é?’raw‘e-

ol i) \cc,fp’ Yeap’Oa o ém y
& r<

itz W very éfbro% OPFGQY@”CQ A
SIPNEe)

e é);aUrQ.
il éo//ouuff“a obsevwahond coap be meade durﬁn@
e ductile ém)rwe.

) A ductile frachure oceurd by a glow feard
o the m@)ﬁp LWift I(’Lu; eupendipre of
CWCIQMIOLQ -emrcdy

2 unlice lerthe Lrachve, o ductilo bracture
()Y@J@ty a Y‘ac«%lf, dFKB 'arg_j Sulhace -

Scanned by CamScanner



—

g '_NO

N

Ly

L

CoMmar 1son
| P P P ¥

évac):ur’
apf!

[2L TWE EA
o \ \

)J-‘lh TURE S

e

”__BPlJTTL L } ‘{’f]( T U E 4|

|- |10 occursy with l’l-(‘Uln‘(Ji),[Q

R AR
[fcuﬁc C’Lﬂ’éorn-tcrh'un

J bt OoCetid al_ Jle {1» 'nd
(v Iheve yvw lere C Vetck l‘#
P Oy e

T2 \'(TL.p_-(’ 06 c vy CE

P H.’.)’ ’G\aﬁ'ﬂ\)h 14 yet l'-) ’*C',
?:(_—f\, l.{(f& \L/j {:'(\LQ h:' }(-‘“1 L'A't il’f C’{
Abven
Hed

i c harac Lerl

A
by Sé‘?}?t:lrcfl'ﬁc)(" 06
mo{max,o g pem 2
ey

Fff(CLuréc@ SL’”&QCQ’.
Chowo a charp P\cma{

(et

Tl portle f yacture
can he ?Y’Cve'cuj@cl by

alec,rﬁ@ ‘c, kempena ture
o crea)i o] Afrei o val-e
and cuork horeieng

The 6¢,,,L;aup éracbu re
o which fakes P lace
éc) éal:l‘aufa Atvewmes

[RATTTL
™"

(i

Al Poet)id
(P ) \ \

Poe Tk F¥'Ae TUL

B ocluwd Wwith lf”('jt'
/W‘U'“c' f'ft‘étwrhnlr'nn .
ali | A oare
!U((a.().',;(‘p!
o Leta cle ’.{Durmrru’,n LA
vie Yy lerraye

€ (\ﬂ"j ;(\

Y‘-‘f)-"'? WV Il b
(

“The ru,ﬂ'(‘ U() C Yack
I[))c:[’(t{)‘"r,/a'on [ Cloeuw

f'/(’l”urp b eduo O Jle
Maver  AMye

(e harae [eviae c]

Je &
L/j }tw {DUY merdion
O() (& uyﬁ c-\"r\cl coe

Ft(’-(Cl';u'({cp S‘*Héﬂtc:-‘ 1
A -vou@!n 0\’:“5— (C)rc:j
Conftouy '
e Acelile 6Y6?C")'W"
—ariie incrc«'wé by

Ailocakions  ard
& Jie cioéac.g 2]

e -

by de ét‘n@v‘ cy fe
uhelen = P -eofheal‘j

Scanned by CamScanner



S cle) !
e e
Figjure lwtatey  fne dif leyent SYrang enwal

O(] (Dahc(]u’e l@&cl;ﬁ?),
@), Fige () Show fre ammaemem- ob e

vevewes e
(@]
> Fqure Cb) Shouw e NGV CEE b ttee
uc tu H e
pluctuatify ovrarﬁewd—, ob Huo

=) r’—T&dur@ Cc) ghow& '}'(/LZ
l‘we%ulw AHeys

2 F?='+r\auﬂ (jracl'ufcf }7@%;@ al
éu(éacg imp@geaﬁom Shah

er‘f/(xl:::riﬁ@ o e
@) machin®

‘e ‘o Jleps The nu cleation

e 6 Qn&? /M’de{ﬁ th? e Mp novenment?

P
bero

06 m‘.c_mlcra cle ’ o
-l ShF rho\/@mﬁzww S}c:fft@ ) i
cycled ob {oaAFna Tl nnicre Cmcjj: »
os e o point2 ofy Mren Concentration,
conHnue, e

=) pAI e C_Bd@ ob )aacﬂ}ﬂ@ T
nierecyack \Omfaaarl-@ &‘ﬂcp ‘amuu/) A ¥
Lo itle wmﬁaﬁ e Lrac
Jizo very beutly- RBud
W , fba Craclke eeeps

. \ Maf,'_ér}
o Aductilz i

i 1nla
Wi o Untile Ko Siierie 6
6}0 a 99}701’1’ H""Q Ioaol' C o Hoeo 60-1—[8(,01
ey E)

6 Lure Lo aluc,[;)l_,e mcf}‘eﬁ 23 oCcuy
yceC U ) ‘

/g.,{p!clemi:j -
=) "T'Lul L\:ﬂj’) ,)-—éh/i{?é?/rc:m(e inc reases n—"-ﬂ-
of, etfons 60&“*@“08 clip Sind]

okt 1Ty
e e §akigue frocture .

gj2-€ - Wiy
o a C\/a‘ﬁc

: -
il |
Scanned by CamScanner



é ~-N pragram: @
? R e
g W B A;aa rewryy  Can be @b'{'ﬁ’"""’qd b_'j

PJO'H"’B e nurlbey Oé cycles og) Sthreqy )@VQMQL(N)
vec,/u%reafj o caudl érac]:urﬁ Q‘Z’J ainf  The
OPFI.'EEC' Ahrew level €s) , @) Shown ja 6"5“{6'

T 4

£
S \L«s'/o & C Sasd
I

7
c?‘ 900 |
S
ki \ S (% o' Q\\O

c@ \00 I \\\\i\uwm j
D
i ar : I ! l I »

\o® PE o pr

Nurnlaest S Q%Q%J)N —

) Lz A e Ceen éro’)’) s é;au{e f}'ﬁaﬁ' Ll
otigus Ah=ngf o mere Lo Areel tar Gor

hon/éew’ow meer,@ CSuch cy) o‘([um¥n,’um) Ginc;’
AT2)Y Giliocad . |

s ek ;’ 5
» Forigus Ay COD T sl

Lo \Atey ok cbieh e e éc-,;“ 9
y : W”‘—ZA’ ) éG{‘rL’?tauQ Jhchjm
R lrmH L/(g{) end urance “mfg'.
e ’ﬂ‘ Ael) oy fie valas oy hrem below)
16 v 10

‘ (| ever w e
,[—e(ra.,o will ney 6a
which e 74

v l&aclﬁd ()or ?nb?nuﬁé Nnumber aé Cgc[@.

yque lige’
qu\/_‘ﬂ“ ;‘%10_ 4—,;@9 numbey o), cycles veq uired
€
lb g abeut pircd) fractove wrdlr 2 Give,
ezl
condifion of wie -

Scanned by CamScanner



C REEP!

AN |
Tle creef U 9(6’6 r'nc?cJ a) e P"’f"”hlj (-,(,)
& Yaeues by Vivtee of «which It defor s’
ﬁOWH ﬁUOMb UWGLQY A &J—&ac:{ﬂ /OC‘A’

=) j_ 7] OWY L/UOYCP-J/ CYC-e:[’ Can e J'eé;neof 2 W

Permemank ‘feéowfmaﬁoﬁ Oéo maéen‘qp cacloy
o %eaalj load < a  punchos of Hme,
Wually  of fm'alaef tremperature;.
e propery O, creez L ronporiert e
) Tl /)DG{ et LUJQGI at crhout  Yoon,
} empevature cuch ) fjjocl bc,wt/er-“n?d O0n telephono
caplor and White rmes . -k

53 Tluo mc?z#oo@ e ck L—;:ah -l—éﬂdﬁ@ra‘]uﬁe
b bing. blaa@/ Prepvuce

Uy nace PQ{*A’
uch e b d meile. cupernonic

V-&i/je/o [)cnﬂM, rocr.g-_[;—_ cAn

Jeﬁ) 723 o el ‘ |
A

= Jhen
: IUU dia Heon dhe er,Q,c:beFengn# Itvaio
J 6‘f undey thue 6 nAtent A3 e eho
OCCUv‘Jha
Crée
. : P c:[nc:{ /o

oo, e maqL@f;d-/& Juch o Zince lece]
1 eef mmore a& Yyead™ “"@P'YJFejfa-f‘q{‘Q v So &
v

mor’r-ef?obg) Such a/ [0, W‘IC(:A) Ov‘v'
oty
c,g\oper Crae_P YNnore- Q,& —‘Q‘LQVQ—'{‘GC;P J”Q’Vlr)e"dhw@

@n_(j ;
= p ceep cuive  Show) "HAQ Gaviatro 2 of
n 9 a noke Witt, Hawe UndoA

A .jypf Ccreep curve
and Cordteny

2

tte cutennie

dlf'gééremf I revres -
W ox con)tant Vlomr‘no\_o/yffw

,}e,mpevc«Lune ) Shownio étaaﬂe it

Scanned by CamScanner



Scanned by CamScanner



b Q""“P-L e @

¥ |
3 SEalBT /9[/ ;

.&J) f«:\mo&r}ﬁ ﬂil e Javkiovy };
AR &

& / LSQQonAQ\/j J I'
AT & l.

t'n sta n t&v&bu g é&'@ax rﬁ'S)«E (Ve

|
Time, t ty 3

s ) N o areef EIVE
pigherer D2 HENE S

}

1 \ ’
| Jipyiopary cre&f. i)
Al e

S
(/7’5 AL o) dilocation WOVZ/’M,Q/H' i
izl ' ‘ |
rake Aecreases ) o H a2 |
& |
: fepl Z) vy, s}aae e vecevE @ééga[; &
=) DM{'\A

f L e oo Y e Lord@r)‘/ma eéééab - HFernce
el an |
ye e vale Jdecrease) !D@ar;‘i’b /WCaIB~

tleo &
Elmce e
| ! Hais J,}Z{ﬂé e vate 06 ol £ lﬂaﬁ’cf—esgj
| =) Puria ; ;
| g d@yem\/@i‘j are @ua,o, So ft1a rnat-er
Ah
:; CIYQQVA OL/QS g'J’e‘iGEj rate - |
;- 2 =14 flie Abeve recson, ﬁeco,,\glqﬁj Cfe-@FM

t u)uﬂb J—&f"”‘ﬂ"’ ) 4#&4@ ~ e creep.
;c) ¢heady ra%nl'ée creep:
34~) sready - srele  creep may be Vidcow ©0
| plevhic o chavac key, oLeFen(JmO wpon e
Al © le\fap cand e mbPerature -
) ¢ o Creep curve
5 I+ D e impertent [t ol e
which, 4 wyed fo enole [l Jerviece [be

ob | e NERHE A
Scanned by CamScanner



2 Teyd lary ¢ YC).-EF \
— e P g

ln ﬂ'l/l)i/,\ /)}ﬂ@e/ Cyeelo Yat-e
A cveade) with H o2 vt 6rac(:we OCcurs .

=) (ﬂenem@ ttre rFefHary creeta OCec Urd cluul o
s ectm@ Ob {’{/uz ﬁfe,c‘m/@n ©v) 3 Y i fvouncﬂotﬁj
9(?0’ in@ ;

P Gl

mcanicar TEETS OF LETLS

= T@””’\“‘U (‘4 v éy,j)eryh'cmp [)m{'f 06 OII\J @na ;0%‘/'@
achviy + Testic 0 qﬂ;/.‘ec} o meleri )
Cfom[)@""g"”4 , aAnd  ewpernblies:

= i CorMiity @l) "V‘Z@U"‘?”@Q"’Lﬁ' Oé 6(.400{ 'ameAfuJ'a__Q
Pra‘?evfﬁéy (o) S cy Uve nwent 06 Y@Pomﬁb@ 1o
Pm(ﬁéu,Da‘f’ imé[ué’ﬂCQ al load|, *em,ﬂwaff'urez;
cincl Coffoola“k%
clemificodion: ~
/\/\_/\/‘/\/

). pedfruckive 429k
> .. Non - datvaclHve tesry,

N Pghuckive ES -
cam(imeﬂb (0y) Specinten | he W
d ’h"oj‘zd O\mo' cannet be rwed ‘

g

le:
[ ylam .
/_Y;ﬂi/\f&/, tensile Loy}, impact ESY Lered fept,

éagﬂuy, LapF , Foveion dep ,Creep 281, Sfc .

r '
| ) HW“"@/@M—

intis HPe b 1oy,
Qfeckmn io be e Jlod 7

comp=nent ©f/
i F Le r&w&d O“é#@f fles

nes A@Hoyec} and cen

eyt ‘ | ‘
Crample . Yyad o graphy, uldvosorie lpPectivn. ete -

Scanned by CamScanner



“l
‘ r;J'

L

Temsle +éit!

. e P P

widely wied @ macl\ammz—oi—éwm.

':) ﬁ4€m}m +-est 06 o thr}e"/fca.Q Q'Peréar/ngql on
ductile nnaJeriotQ to cletermine | ewsile pro perHey
shch a»:

) Limit 06 ,F(of)orﬁa/)a“i’j
2) \/;elc{ poiat oy yfeb) Jﬂ'(enah,,
2) memioum tewlle %&5%
<) |%veae::~a Afvength
<) Perc.en'l'aae & lon o
6) Peft:é‘n*a@e yeduction crea
% g, Cleyticity -
=y The Leamile Loyl by ddally c_:q'(n“éa/ oul  With fue
help o a Unfwﬂédp +é%HQa aehs ACRCO AP

gy el

> e mari»e.rlaQ t» e +€/}‘)’€C)‘/wbo k nowin ¢4

\ : e Mendaisl ed

2 /)fadw 1) mackmac} /Ma a RQJ, 'y
‘ A P dypicel ApecinEr
Sincenmon? a) Shown !N 6@ e \r:}y)?m_ : r _ ‘

heo) o diameter  0f I2smm ancon S
3 Y Y ¥ Il'l F:"I‘“:'\\ e, i

L IhI
leha(/b Ob comm ¥ i 'I.J"' m'-'l"l,,ll-i rl
;'D‘\s’tmmg \asluiean a 4'\‘ L
| %\mugé.mxb Sl gy 12
L J \@F

L '|) : == =
T i 1
! II v " ’ I-'I : :l el
r Nl

Scanned by CamScanner



._jﬂ SC)'\E’MHt Uu.ov(c?n@ Gyfwaemzq-j— 06 G c}ﬂ}\/?i’/iﬂ.p
"r@%’ﬁf‘) machm@ & chown Io 6[‘0 1

t Fovea
Moweella
VoS han
Sgotinnmny . : ,
e Extensermdest
b o~
+ Gwip

) 'T[AJ— APecrm.Qr) L ,Qiof‘@:l'f"eﬁ} }?_‘j}‘LL_Q_ MOVr'f\O
CVO/& l/Lanl lOaa, C.é—fow’?c( Cutenjornelp y

mecdure b ma@n?ma/_z 06 'F(A_Q C;{FP”.QC{
lockl lound s Kekerriedis respechbively .

S, ,,,,edmen o (LR LR hedferod +

Hio  fwo encJ—Jawa of e VT, vew

load & appred Hradually  onfte sp
by rmeaw of o meovabla c_m : ”
YR O erc‘f en brac&ur@ \ "‘Il.r

punn@ Yo fest; [he W@”U'Male " ol I'-.

A Moo C(’] a uae (oy)
Mejure  Hio & lonc
172:{14)9@,) -

Scanned by CamScanner



Co MPrewion dejt i
g ciien , _
D The Compremion de b coaduclal o a rmanner

Siailat 1o fua  tewsile tept, ewcepf thad the
éorce %] C»Ofmpfadfwfé -

Nengon tert, flarefore ey are fesred

6'6{ comprenion ,
=) paftle qufeﬁa_@ Such @y cad 1von, Concyete,
mofpl, brick lalne ce e AR Covmmonly
teed o conpragion,

o compremion 1€+ b adse conducted o0

=)
A un‘.veMouO . J—tha yinalhiae -

Tertioq) precedure .
AN AN

I “ A
i ' = ) are  precle
=) FO( wmq)VW| on ey, Sfacrm% Vh

o, .whYCa_Q (v cyl r’ndaf?c'aQ 41"&[)@_

&2 ceentric lcoa?l;"a ; _ 4 A

P

between C—OMPW?OO Pl ‘."
rerion maching -

loc

Now fue co mprenivn i

Onm »PeC}MQr) dVBj ".
. _ "

ye duction 00 ‘6”8”’7%.-&& op 1

colre YQC@I@LQC{ Al IM'!"'I" 14

= Tlhe A’F@Q\M‘Z"? Lo be I}-—&»,!—Q:::}"t ‘IA

\\L

Scanned by CamScanner



TESTS o
Wardness may he Aeé ,’ncza{ a) the c:rlﬂ”fj aiﬁb a
e en ~Ao  yes )y Scra»l-cl—.lna ,abyadion , Cutt ﬁa

CO') FQVLQ,WQHO/) '

‘ o
= Le herdney +&t+ Y perb ‘ ,
¥, yesicince aa ar At ladentabon

mzal‘ N A ﬂda-(-erﬁa.,o

7

fo  lenow IE>)
anrd  ahveion, | '
TYpe o Madrep 29

o Hree Mot commonly wied hardney et
s |

i :,) Rrell herdnen t+ert

2) Ve kbevs haro{nefd 4‘@"'
=) pockwel  lardnes +est

T ‘ J
Conmoen W" | €y .
vl N oy N ;

—Tue hardney e ajured 6(0,,,, a4
e N o i
conyrant load ©7 9 A»Pea_',é;c f
w/ﬁ—ao[_-_ Wt e M’féace of -
for 6?;(.Qg’ fron2 -
pencw Uaggess TETL (U
> one of fue eailier J'}",”d"‘."é‘"‘*-“jfff
maﬂuun‘na hardnew Way }7,
2 1n fiae byt nell tejr. a ' I
| o O‘G?n'l'_gf I‘A 60»{49% rqmr’ 7

| fo be tepree . Tha 5

%660 dla .
<
) v

Scanned by CamScanner



ety ermnere anl REso RN

7
| Plunges
— Ball
i ———— SPecimen
| \E;‘\———"F)nv?l
]
=
: y b=
=
== hond wheel
F
. O B 0 )
ﬂ-—) The Ryinell's }Iara’n% ,;_@4—- ' feVEOV’m.a_o‘ L

Prm"’a ct JJ’Q.-QI [9"‘“/ Cbbo L hrown ab ma’et’r\ef,
Lnko HA.Q /)/P-Qch/l’lﬂn- \ 04 QHOUU-’IT ‘v a ép‘% dyre .

Y D | ,
Indenies | | V)
specimen || = |

i T
=D Eio a‘ﬁama}\e‘v oé
@éfduv’@d with m'{ I

Al cmﬁaafe \ T8

Scanned by CamScanner



BHN = Load o0 tue ball

/

Arec 06 ‘o demntation 06 4’)66{) pallons.

ZHre = %

_ﬁ_% EP-— \J p?—___cj'z:l

w heve |
/P—_ LOqa{‘ aPPHe_d o rna{_en;..e,f ) ):6

D - piamet-er 06 /;,)-2@0 ball tadenter 10 s
d~ plemerer of bal) Ympremior o mm, |
)—.»’coher,men’fbm Ma+€m-.o .J

4

2 MLt iR ALt 2
b cod to b= hader 26 gdn » (e flen
die r\me'}a/o L 506:"-

poponess TERT: -

Ly S laf to |
Y Yowd nem e 2 { a
2 e b =k $6buave Jfa&é_d -a\r.qm.ono\: |

] \Il

; (1 eyt with < S ,gzlgy,-,hev. J

)7; ”YQ- id P2ing wed (S 1
pyyam

5 o e L
| e s suibree €6 T g
Matic load bor

VICEER S
LAl

acfen ob o
o The /lé-mnalﬂvd L ~denter Dﬁ.q egcp =
| with Gn gl of 1%6° 1/64'::—4' r)
T ar\cau_ W) CJLLoA,zn:.,-:” ca
oAy gle/vivqbl_:z e I@
Niameker Ao ball

Scanned by CamScanner



A o‘a-}—é(r‘m‘ﬂrﬂa [gox-s d"aa Oﬂln_Q 96 a Jq/uave P)
oﬂ”o/}ﬂ—él fo e d}ameJ‘O‘f 060 C.}VCLZ,OJ Show »

. Nick
Lo 6‘8‘”‘@ : Benel \I?ﬂ;@aﬁi&‘
i inAcntes o

Comfonpm , Jﬁ

Sus{oc?,

? l
RN R

— = L R e

)"j\famfo] hardn@;o numb.efc DPH) |
©Y) vyicker hordnen numbevC Vi N @7 VRSN
A jnad e appliad 1eed  divided by
prvezi Sclihac & (iR Oé ‘aclondabion,

ypne Applied oad

:9 - o&fan"ﬂﬂo’ o

Surfac o area of l'MPﬂé'/V)F‘b'o "

2 p sind
2

PN ] &

Scanned by CamScanner



PockWELL HARPNESs TEST
AN il | g

= T2 'yockiLvell harelnew ‘)‘9/" ) Pmbabb "’LLQ ,m;¢}
Udiole\j wied  niefed 06 hafralne” ,}-@,ﬁna ‘ y

=) The P,:nc;,rle of tua tockwel) teyr a{:%e,,) évom
,}fp‘a& ob e o©fthevd vo »'Hﬂougi Ha g{gdpﬂq 96 e

\

[ npresion M retebal gpifthe g, e SRR
Fhan e didmener Ser 0““30"‘@0 °6 he

lnpremio” s cshon in @8 :

¥

£ canets

ot
/ inqenigs

4

DePih of | DePih of ’
IMPTESSION O RBSTEN |
i & L7 by ed (o Indwie e
2 WC we ‘GHU ! iln

Ll ) ond vepidity . L7
fo gy Qecurasdy Q\:f | _?d@ a direck

TR SR

fs oA

AG meter o/
(VLthYUJ C@‘f‘e 7

There are A Y)

e
AN ; -',"'-'. e

yockwell -

Scanned by CamScanner



1MppcT TESTS:
N L

= mhe impact Je 1 Fev(.)ormoa] fo A’h"_d,'j Ao,
Jye LlQV?OU'l‘ Oe Mq"—evfa_,a) u‘“O‘-@V Gljﬂdnld"fc 'OC\C’
e suddenly qu)\'-&) load .

»

1 mpact Mrengfh - | |
o h MIS/'T"L@ capa<ify of a mefaao fo

EWF'f'k/}r)arGl Jylowo L}J'J'Hnau.,& 6Yucbure/
Tmpack  Atrength ©1) Yanfack yemstance .
| The (M'racl: e ?ﬂolfca,&a e flﬂbual«m% 96

=
|

' vb€4
1 O\,GDQY?“\O .2 . tle gmowrt 0,6 W@g 2o
ki n;,,,m o Lo OLH-'/\CO Playdic Aol ormation,

l?-j |
D Tue Impack +en m,@o wdicedey 2 ,w+c}., .
| LepARVi op g rhaA—efraD.’T"Lm notch M.ZS;.B
| Yeéer& yo fhe 4’9"'0’9"&1 of, Aok nom H—LL
w\oll:eﬁa@ to behave e & Jori

Auckile |
h ence () HO”'CJ’L@ .
rr\ob@/eﬁd‘/&‘ tey el S L,q 6 ‘ o
/’/ \“ ; ’I' !
Ay rarnagement i %»’ : If
{ /\/\,a/\/‘/ :) ’)- \‘\ 3! “ LTI.. IIJ:II:_I‘IH
; b : o
Scace Wit (Y " : \ PENOULUM ”f::_‘
POINTER I" : |

& mu |
| ] W
OO AT VIS VA ST
’rjfej‘ob (M,’ac[; T.D_Jnj»*b

Scanned by CamScanner



-
i

! DIt can he noted el o impPacl. ,,L@;H,,
;mac_l,,ma/) ave oben‘anecl o bom Jyfea QAO

| ey canbe Perbormed onfha Jdane machine iy,
: @n_‘j i ey DIGBLM’)W

|

o Ifff} tart

; ?IZOA (}Fd} el 2 an+;]QV€Y gFec?an 06
lormm U Shown in b?aure,
and Ao aley»)‘p, 06

/6PZ£2 TEmm x o rnmna <

o v—noteh anal@ ) YG°

tue nokch v 2mm.

?;mkwm

AMMER.

) T M
22,00

r3

N\
7{:

“THrmm

Vi /////,§

LSS L P s

I

| 7777
| it L

|Omm
i —l

? -D | |0rom (b

@) specimen b Pacad M e Vide S
i ‘I’W‘J&Q PP (o canblever ~a) Shown o) ()‘Taf'fﬂe A

Al i
chorpy ek uled A rep Spectnwern

" R\ O o, N Sl1OCAj0 20 ESE“J

> TUs
S < Jom

J - notch anged BT and tte ==

: Lt L
neych b Tmm, b R

Scanned by CamScanner



o, [N
™ EEhul - —qromm-.i
I.. 40mMm —_]
M /
b)
AW / /
i
’@Jﬂqu ProCQduve 5/;_"%'@"4&'_”07
) Tweé Afec.'r nen U P[acec} ‘n e Viee 06 o
anvi |-

2) The Penalulum hammev L vabed o Enown
€+6\no\arc' h«@”ﬂ[ﬂ* o(epernc(ma on e ype 06

emneryy t conu@f‘fed 1nitD l:'ﬂQf'hC enerdy Jgp
lfﬁéof—ell’} Avikey dlhe APecimen -
) oW yue. fena{a.(cmn Ahieey MAF'QQKKQJﬂ;
e may e noted fed  Elue 1zod erc.fw,?

+ < : I i
; hWe ochove fins V—no
1 will be  h Lehincl 4/(,._1 Vono

SPE cimen

c) —Tle PQMOJUIuM ,wé,f.g_( (UP”V
yig&s 00 {tie  Ofliat e of fia
[ The energy aborbed
Glu rma Wﬁﬂkfﬁa l)i , ;:7‘

Pen dalur Ho M
(3 Vit 06 F.engo(l ar

Scanned by CamScanner



7. Now s eu,ev’ajj e ']'Lm fLP')'C"'-a—‘:F -_GCE
Mf'eha‘ﬁﬂ r’\n 6004_, f;gur,cb or) ,
"/3 ru_,@@b(fed 6!“59’7’ diia /)c_a-aa—a 96 goe-
| mpack  F@2Hiog ynechlog -

Scanned by CamScanner



