Chapter 9:Static Equilibrium

Lecture 3
The University of Jordan/Physics Department
Prof. Mahmoud Jaghoub
selall 3 gana A

q-5] Elasticity , Stress and Straip

What effects do forces have on et |
obedts ? oy 80: change
\f l, in lengi-h
Elasﬁc.-\«b aund Heoks Law géfé'::{,?hfh,
metal md changes lenath ynder We fpece SR S |
due to Hle :32-@#;{ SoF e block ¢ IJ__:\T[_
mg
When Dl << Lo > JmL
F=~k D2 (Hooh's low) |

T pmporﬁonahy constant



The above relaton is almost vzlid for any Mmaterm| Crom
ion to Lones

Ultimate strength

las ¢ N i Heok's law appli
E rJ H s e PPI'CS‘ \LProportionullimit Ao
i 1.‘\\C‘c%
E = kDQ cwd O{'jl’d' retuins \ e
Ho i1t origing! lengHh afer . s OElastic  Breakin
. ] 3 astic axking
focce is ftemoved .- £ S limit point
2 L3
Elashe lim:t: maxmum wlue of i

DO 5uch FBIJ +Be ol 'ecf returns Elongation, Af
H its ol@ma) lengal-a w he Qe

foice s eMmoved

Brazking Font: The maximam (orce Bot can be appj,.“l w i Mot
e olgjec+ breakm,j

Elastic teqon: (gqon fom Hhe orgin to the elastic lrm:t

Plastc ;?gjfaﬂ: Regon (om elashe rmif 1o breakws point .
In s 1e9,on tHie cl@'ed- becomes permevwmi\/j
de(ome?.

Youmj'_s Modulus

For a given force (F)  the elogaf'f?m (D) is prpor hoval 1o -
— +he le-j“' o of the o JEL{'

_ cross sechonal area of the objec% (A)



Al & F o
A
-1 E 0
Y =
I constont of Pm‘:br-h‘bnah@ called

Young's Medulug.
The walue of = depends on He +ype of the materral
T+ dozs NOT depend on Hhe clhape or size of e makrial
E has onds of N [m*.

Maderial E (NIm")
Steel 200 7(|Oi
kone (limb) IS x10 1

EXAMPLE 9-10 | Tension in piano wire. A 1.60-m-long steel piano wire has
a diameter of 0.20 cm. How great is the tension in the wire if it stretches 0.25 cm
when tightened?

APPROACH We assume Hooke’s law holds, and use it in the form of Eq. 9-4,
finding E for steel in Table 9-1.

SOLUTION We solve for F in Eq. 9-4 and note that the area of the wire is
A = 7r? = (3.14)(0.0010 m)?> = 3.14 X 10°°m?% Then

Al
F =E—A
£
0.0025 m
= (2.0 x 10" ’(—”) 3.14 X 109 m?
( 10" N/m?) > (3.1 107 m?)

= 980 N.

NOTE The large tension in all the wires in a piano must be supported by a
strong frame.
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In addibon 1o leusile stress, we have compressive stress
and sheoar stress as shown below :
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TABLE 9-2 Ultimate Strengths of Materials (force/area)
Tensile Strength Compressive Strength  Shear Strength

Material (N/m?) (N/m?) (N/m?)

Iron, cast 170 % 10° 550 x 10° 170 x 10°

Steel 500-2500 x 10° 500 x 10° 250 x 10°

Brass 250 x 10° 250 x 10° 200 x 10°

Aluminum 200 x 10° 200 x 10° 200 x 10°

Concrete 2 X 10° 20 x 10° 2 X 10°

Brick 35 x 10°

Marble 80 x 10°

Granite 170 x 10°

Wood (pine) (parallel to grain) 40 x 10° 35 x 10° 5 % 10°
(perpendicular to grain) 10 x 10°

Nylon 500 x 10°

Bone (limb) 130 % 10° 170 x 10°




