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CHAPTER 12
Properties of Matter (52l (2l 3)
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Structure of matter
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DENSITY
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The SI unit of density is the kilogram per cubic meter (1 kg/m3). The cgs
unit, the gram per cubic centimeter (1 g/cm?), is also widely used:

1 g/cm® = 1000 kg/m’
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Densities of some common substances
Material Density (kg/ m’)* Material Density (kg/ m*)H
Air (1 atm, 20°C) 1.20 Iron, steel 7.8 % 103
Ethanol 0.81 x 103 Brass 8.6 X 10°
Benzene 0.90 x 103 Copper 8.9 x 10°
Iee 0.92 X 10° Silver 10.5 % 10°
Water 1.00 x 10° Lead 11.3 % 10°
Seawater 1.03 x 10° Mercury 13.6 X 10°
Blood 1.06 % 103 Gold 19.3 x 10°
Glycerine 1.26 X 10° Platinum 21.4 X 10°
Concrete 2 % 107 White dwarf star 1010
Aluminum 2.7 % 10° Neutron star 1018
*To obtain the densities in grams per cubic centimeter, simply divide by 10°,
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Example:
Find the mass and weight of the air at 20°C in a living room with a 4.0 mx 5.0 m floor and a
ceiling 3.0 m high, and the mass and weight of an equal volume of water.

Pu =12 kgm® , p,,,, =1000 kg/m’

V =4x5x3=60 m’
M, =p,. V=1.2x60=72 kg
W, =M,g=72x9.8=700 N
M. =0,V =1000x60=6x10" kg
W, =M __g=59x10°N

water
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Elastic Properties of Solids
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Shear stress and strain gad)! Jladilg slg=>]
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Bulk stress and strain x>l Jladilg slg=>]
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Hooke’s Law Jg» 3938

Table 11.3 Approximate Breaking

Material
Aluminum
Brass
Glass

Iron

Phosphor
bronze

Steel

Hooke's law of elasticity
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Stresses

Breaking Stress
(Pa or N/m?)

2.2 X 10°
47 x 10°
10 X 10°
3.0 X 10°

5.6 < 10°
5 —20 X% 10

stress oc strain
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Elasticity Modulus 439l &Melas
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Table 10.1

Some Elastic Constants

Substance Young's Shear Bulk Elastic Ultimate

Modulus Modulus Modulus Limit Tensile Stress

N/m? X Ibfin.2 X | Nfm? X Ibjin.2 X | N/m? X Ib/in.2 X | Nfm? X Ibjin.2 X | N/m? X 1bjin.2 X
107° 10¢ 107° 10° 107 10° 107° 106 102 o 1107

Aluminum 7.0 10 3 3.8 7 10 1.4 1.9 1.4 ) Sl

Bone 15 8.0 1.30

Brass 9.1 14 3.6 5.1 6 8.5 3.5 5.5 45 6.5

Copper 11.0 17 4.2 6.0 14 17 1.6 2.2 /TR s

Iron 9.1 13 7.0 10 15 1.2 25 132 46

Lead 1.6 2.3 0.56 0.77 1.1 02 . 1029

Steel 21 30 8.4 12 16 24 2.4 3.7 4.8 7.0
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Elevator Safty

While working with an engineering company during the summer, you are
assigned to check the safety of an elevator system in a new office building,.
The elevator has a maximum load of 1000 kg including its own mass, and is
supported by asteelcable 3.0 cm in diameter and 300 mlong at full extension.
There will be safety concerns if the steel stretches more than 3.0 cm. Your job is
to determine whether or not the elevator is safe as planned, given a maxi mum
acceleration of the system of 1.5 m/s

L The amount the cable is stretched, AL, is found from y = F/A 6 AL FL

Young's modulus: T ALJL AY

2. To find the force acting on the cable we apply Newton’s  F-mg=ma,
second law to the elevator. There are two forces on the  so
elevator, the force F of the cable and the weight: Fre =M(E +a,,..)
= (1000 kg) (9.81 N/kg + 1.5 N/kg)

=113 x 1°N

B. Substitute into the step 1 result and obtain the maximum
amount of stretch: ET E E
AL="ay =y

(113 X lﬂ_" N)(300 m)

= HO.015 m )220 x 104 N/md)

= 240cm

105 PHYS

Dr. Abdallah M. Azzeer



105 PHYS — CH12

Example

A solid brass sphere is initially under normal atmospheric pressure of 1.0x10°N/m2. The sphere
is lowered into the ocean to a depth at which the pressures is 2.0x10’N/m2. The volume of the
sphere in air is 0.5m3. By how much its volume change once the sphere is submerged?

- i —
Since bulk modulusis B= A%

The amount of volume changeis AV =— AI];V"

From table 12.1, bulk modulus of brass is 6.1x101° N/m?2

The pressure change APis AP =P, — P, =2.0x10"-=1.0x10° ~2.0x10’

Therefore the resulting 2.0x10" x0.5

volume change AVis AV =V, -V, = C6.1x10°

The volume has decreased.

=—1.6x10"*m’
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