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Material ρ (×10-6 Ω·m) comments 

Silver 0.0147 $$ 

Gold 0.0219 $$$$ 

Copper 0.0382 cheapest good conductor 

Aluminum 0.047 

Stainless Steel 0.06–0.12 
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Material κ (W m-1 K-1) comments 

Silver 422 room T metals feel cold 

Copper 391 great for pulling away heat 

Gold 295 

Aluminum 205 

Stainless Steel 10–25 why cookware uses S.S. 

Glass, Concrete,Wood 0.5–3 buildings 

Many Plastics ~0.4 room T plastics feel warm 

G-10 fiberglass 0.29 strongest insulator choice 

Stagnant Air 0.024 but usually moving… 

Styrofoam 0.01–0.03 can be better than air! 
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Material cp (J kg-1 K-1) comments 

water 4184 powerhouse heat capacitor 

alcohol (and most liquids) 2500 

wood, air, aluminum, plastic 1000 most things! 

brass, copper, steel 400 

platinum 130 
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Material α (×10-6 K-1) comments 

Most Plastics ~100 

Aluminum 24 

Copper 20 

Steel 15 

G-10 Fiberglass 9 

Wood 5 

Normal Glass 3–5 

Invar (Nickel/Iron alloy) 1.5 best structural choice 

Fused Silica Glass 0.6 
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Material ρ (kg m-3) comments 

Platinum 21452 

Gold 19320 tell this to Indiana Jones 

Lead 11349 

Copper, Brass, Steels 7500–9200 

Aluminum Alloys 2700–2900 

Glass 2600 glass and aluminum v. similar 

G-10 Fiberglass 1800 

Water 1000 

Air at STP 1.3 
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Tungsten 350 
Steel 190–210 
Brass, Bronze, Copper 100–120 
Aluminum 70 
Glass 50–80 
G-10 fiberglass 16 
Wood 6–15 
most plastics 2–3 
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tension: stretched 

compression 
neutral “plane” 
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dV And we call this “something” 
the moment (balanced) 
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z-direction 
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force per unit length = λ; total force = mg = λL 

Fy = mg = λL 

Mext = λ<z>Δz = λ(L/2)L = ½ λL2 

z-axis 
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force per unit length = λ; total force = mg = λL 

Fy = mg = λL 

Mext = λ<z>Δz = λ(L/2)L = ½ λL2 

z-axis 
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F 

Fy = F 

Mext = FL 

Winter 2012 

UCSD: Physics 121; 2012 

22 

force per unit length = λ; total force = mg = λL 

Fy = mg/2 = λL/2 Fy = mg/2 = λL/2 
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F 

Fy = F/2 Fy = F/2 
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F 

F 

Mext = FL/2 

Mext = FL/2 

“walls” are held vertical; beam flexes in 
“S” shape 

total M(z) = 2Mext - Fz - F(L-z) = 0 for all z 

as it should be 

M(z) = Mext −F (L− z) = Fz −
FL

2
→

d2Y

dz2
=

1

R(z)
=

M(z)

EI
=

F

2EI
(2z −L)
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a 

b 
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radius, R 

inner radius R1, outer radius R2 
or, outer radius R, thickness t 
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a 

b 

and for a square geom.: 
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b 

a 
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10× better than solid form 

func. of assumed 1/20 ratio 
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Tungsten* 1400 0.004 

Steel 280–1600 0.0015–0.0075 

Brass, Bronze, 
Copper 

60–500 0.0005–0.0045 

Aluminum 270–500 0.004–0.007 

Glass* 70 0.001 

Wood 30–60 0.0025–0.005 

most plastics* 40–80 0.01–0.04 

* ultimate stress quoted (see next slide for reason) 
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dA 

F 

huge force, F 

bolt 

wall 

hanging mass 

τ  = F/A, where A is bolt’s 
cross-sectional area 
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Δy is displacement from 
centerline (half-thickness) 
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where h = 2Δy 
is beam thickness 
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cut/grinding lines 

dowel pin 
a diamond pin is a home-made 
modification to a dowel pin: 
sides are removed so that the 
pin effectively is a one-dim. 
constraint rather than 2-d 
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part with holes part with holes part with holes 

two dowel pins 

perfect (lucky) fit 

but over-constrained 

wrong separation 

does not fit 

thermal stress, machining error 

dowel pin 

diamond pin 

constrains only rotation 

diamond pin must be ground on grinder from dowel pin: cannot buy 
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