
Solution for Homework #1 
 
Chapter 2:  
Multiple Choice Questions (2.5, 2.6, 2.8, 2.11) 
 
2.5 Which of the following bond types are classified as primary bonds (more than one)? (a) 
covalent bonding, (b) hydrogen bonding, (c) ionic bonding, (d) metallic bonding, and (e) van 
der Waals forces. 
Answer. (a), (c), and (d). 
 
2.6 How many atoms are there in the unit cell of the face- centered cubic (FCC) unit cell (one 
answer)? (a) 8, (b) 9, (c) 10, (d) 12, or (e) 14. 
Answer. (e) 
 
2.8 Which one of the following crystal structures has the fewest slip directions and therefore 
the metals with this structure are generally more difficult to deform at room temperature? (a) 
BCC, (b) FCC, or (c) HCP. 
Answer. (c) 
 
2.11 Polymers are characterized by which of the following bonding types (more than one)? (a) 
adhesive, (b) covalent, (c) hydrogen, (d) ionic, (e) metallic, and (f) van der Waals. 
Answer. (b) and (f). 
 
 
Chapter 3:  
Multiple Choice Questions (3.3, 3.4, 3.6, 3.7, 3.10) 
 
3.3 If stress values were measured during a tensile test, which of the following would have 
the higher value? (a) engineering stress, or (b) true stress. 
Answer. (b) 
 
3.4 If strain measurements were made during a tensile test, which of the following would 
have the higher value? (a) engineering stain, or (b) true strain. 
Answer. (a) 
 
3.6 Which one of the following types of stress strain relationship best describes the behavior 
of brittle materials such as ceramics and thermosetting plastics: (a) elastic and perfectly 
plastic, (b) elastic and strain hardening, (c) perfectly elastic, or (d) none of the above. 
Answer. (c) 
 
3.7 Which one of the following types of stress strain relationship best describes the behavior 
of most metals at room temperature: (a) elastic and perfectly plastic, (b) elastic and strain 
hardening, (c)perfectly elastic, or (d) none of the above. 
Answer. (b) 
 
3.10 The shear strength of a metal is usually (a) greater than, or (b) less than its tensile 
strength. 
Answer. (b) 
 



Problems (3.5, 3.10, 3.17, 3.22, 3.24, 3.26, 3.30, 3.34) 
 
3.5 The following data are collected during a tensile test in which the starting gage length = 
125.0 mm and the cross- sectional area = 62.5 mm2: 
Load (N) 0 17,793 23,042 27,579 28,913 27,578 20,462 
Length (mm) 0 125.23 131.25 140.05 147.01 153.00 160.10 
The maximum load is 28,913 N and the final data point occurred immediately prior to failure. 
(a)Plot the engineering stress strain curve. Determine: (b) yield strength Y, (c) modulus of 
elasticity E, (d) tensile strength TS. 
Solution: (a) Student exercise. 
(b) From the plot, Y = 310.27 MPa. 
(c) First data point is prior to yielding. 
Strain e = (125.23 - 125)/125 = 0.00184, E = 310.27/0.00184 = 168,625 MPa. 
(d) From the plot, TS = 426.6 MPa. 
 
3.10 A tensile test for a certain metal provides flow curve parameters: n = 0.3 and K = 600 
MPa. Determine: (a) the flow stress at a true strain = 1.0, and (b) true strain at a flow stress = 
600 MPa. 
Solution: (a) Yf = 600(1.0).3 = 600 MPa 
(b) ε = (600/600)1/.3 = (1.0)3.33 = 1.00 
 
3.17 Based on results of a tensile test, the flow curve has parameters calculated as n = 0.40 
and K =551.6 MPa. Based on this information, calculate the (engineering) tensile strength for 
the metal. 
Solution: Tensile strength occurs at maximum value of load. Necking begins immediately 
thereafter. At necking, n = ε. Therefore, σ = 551.6(.4).4 = 382.3 MPa. This is a true stress. 
TS is defined as an engineering stress. From Problem 3.15, we know that ε = 2 ln(Do/D). 
Therefore, 
0.4 = 2 ln(Do/D) 
ln(Do/D) = .4/2 = 0.2 
Do/D = exp.(.2) = 1.221 
Area ratio = (Do/D)2 = (1.221)2 = 1.4918 
The ratio between true stress and engineering stress would be the same ratio. 
Therefore, TS = 1.4918(382.3) = 570.3 MPa 
 
3.22 A steel test specimen (E = 30 x 106 lb/in2) in a compression test has a starting height = 
2.0 in and diameter = 1.5 in. The metal yields (0.2% offset) at a load = 140,000 lb. At a load 
of 260,000 lb, the height has been reduced to 1.6 in. Determine: (a) yield strength Y, (b) flow 
curve parameters K and 
n. Assume that the cross-sectional area increases uniformly during the test. 
Solution: (a) Starting volume of test specimen V = hπD2/4 = 2π(1.5)2/4 = 3.534 in3. 
Ao = πDo/4 = π(1.5)2/4 = 1.767 in2 

Y = 140,000/1.767 = 79,224 lb/in2 

(b) Elastic strain at Y = 79,224 lb/in2 is e = Y/E = 79,224/30,000,000 = 0.00264 
Strain including offset = 0.00264 + 0.002 = 0.00464 
Height h at strain = 0.00464 is h = 2.0(1 - 0.00464) = 1.9907 in. 
Area A = 3.534/1.9907 = 1.775 in2. 
True strain σ = 140,000/1.775 = 78,862 lb/in2. 



At F = 260,000 lb, A = 3.534/1.6 = 2.209 in2. 
True stress σ = 260,000/2.209 = 117,714 lb/in2. 
True strain ε = ln(2.0/1.6) = 0.223 
Given the two points: (1) σ = 78,862 lb/in2 at ε = 0.00464, and (2) σ = 117,714 lb/in2 at ε = 
0.223. 
117,714/78,862 = (0.223/0.00464)n 

1.493 = (48.06)n 

ln(1.493) = n ln(48.06) 
0.4006 = 3.872 n n = 0.103 
K = 117,714/(0.223).103 = 137,389 lb/in2. 
The flow curve equation is: s = 137,389 e .103 
 
 
3.24 A special ceramic specimen is tested in a bend test. Its cross-sectional dimensions are b 
= 0.50 in and h = 0.25 in. The length of the specimen between supports = 2.0 in. Determine 
the transverse rupture strength if failure occurs at a load = 1700 lb. 
Solution: TRS = 1.5FL/bh2 = 1.5(1700)(2.0)/(0.5 x 0.252) = 163,200 lb/in2. 
 
3.26 A torsion test specimen has a radius = 25 mm, wall thickness = 3 mm, and gage length = 
50 mm. In testing, a torque of 900 N-m results in an angular deflection = 0.3°. Determine: (a) 
the shear stress, (b) shear strain, and (c) shear modulus, assuming the specimen had not yet 
yielded. 
Solution: (a) τ = T/(2πR2t) = (900 x 1000)/(2π(25)2(3)) = 76.39 MPa. 
(b) γ = Rα/L, α = .3(2π/360) = 0.005236 rad. 
γ = 25(0.005236)/50 = 0.002618 
(c) τ = Gγ, G = τ/γ = 76.39/0.002618 = 29,179 MPa. 
 
3.30 In a Brinell hardness test, a 1500 kg load is pressed into a specimen using a 10 mm 
diameter hardened steel ball. The resulting indentation has a diameter = 3.2 mm. Determine 
the BHN for the metal. 
Solution: BHN = 2(1500)/(10π(10 - (102 - 3.22).5) = 3000/(10π x 0.5258) = 182 BHN 
 
3.34 Two flat plates, separated by a space of 4 mm, are moving relative to each other at a 
velocity of 5m/sec. The space between them is occupied by a fluid of unknown viscosity. The 
motion of the plates is resisted by a shear stress of 10 Pa due to the viscosity of the fluid. 
Assuming that the velocity gradient of the fluid is constant, determine the coefficient of 
viscosity of the fluid. 
Solution: Shear rate = (5 m/s x 1000 mm/m)/(4 mm) = 1250 s-1 

η = (10N/m2)/(1250 s-1) = 0.008 N-s/m2. 
 
 
Chapter 4:  
Multiple Choice Questions (4.4, 4.6) 
 
4.4 Which of the following materials has the highest specific heat? (a) aluminum, (b) 
concrete, (c)polyethylene, or (d) water. 
Answer. (d) 
 



4.6 The mass diffusion rate dm/dt across a boundary between two different metals is a 
function of which of the following variables (more than one): (a) concentration gradient 
dc/dx, (b) contact area, (c) density, (d) melting point, (e) temperature, and (f) time. 
Answer. (a), (b), (e), and (f). This is perhaps a trick question. Choices (a) and (b) are 
included in Eq. (4.5). Temperature (e) has a strong influence on the diffusion coefficient. 
Time (f) figures into the process because it affects the concentration gradient; as time elapses, 
the concentration gradient is reduced so that the rate of diffusion is reduced. 
 
Problems (4.2, 4.4) 
 
4.2 Aluminum has a density of 2.70 g/cm3 at room temperature (20°C). Determine its density 
at 650°C, using data in Table 4.1 as a reference. 
Solution: Assume a 1 cm3 cube, 1 cm on each side. 
From Table 4.1, α = 24(10-6) mm/mm/°C 
L2 - L1 = αL1 (T2 - T2). 
L2 = 1.0 + 24(10-6)(1.0)(650 - 20) = 1.01512 cm 
(L2 )3 = (1.01512)3 = 1.04605 cm3 

Assume weight remains the same; thus ρ at 650°C = 2.70/1.04605 = 2.581 g/cm3 
 
4.4 With reference to Table 4.2, determine the quantity of heat required to increase the 
temperature of an aluminum block that is 10 cm x 10 cm x 10 cm from room temperature 
 (21°C) to 300°C. 
Solution. Heat = (0.21 cal/g-°C)(103 cm3)(2.70 g/cm3)(300°C - 21°C) = 158,193 cal. 
Conversion: 1.0 cal = 4.184J, so heat = 662,196 J. 
 
 
Chapter 5:  
Multiple Choice Questions (5.4, 5.6, 5.9) 
 
5.4 Which averaging method generally yields the higher value of surface roughness, (a) AA 
or (b)RMS? 
Answer. (b) 
 
5.6 Thermal energy is normally associated with which of the following changes in the altered 
layer? (a)cracks, (b) hardness variations, (c) heat affected zone, (d) plastic deformation, (e) 
recrystallization,or (f) voids. 
Answer. (b), (c), and (e). 
 
5.9 Which one of the following manufacturing processes will likely result in the best surface 
finish? (a) arc welding, (b) grinding, (c) machining, (d) sand casting, or (e) sawing. 
Answer. (b) 
 
 
Chapter 27:  
Multiple Choice Questions (27.2, 27.4, 27.5, 27.6) 
 
27.2 Of the following quenching media, which one produces the most rapid cooling rate?  
(a) air, (b) brine, (c) oil, or (d) pure water. 



Answer. (b) 
 
27.4 The treatment in which the brittleness of martensite is reduced is called which one of the 
following? (a) aging, (b) annealing, (c) austenitizing, (d) normalizing, (e) quenching, or (f) 
tempering. 
Answer. (f) 
 
27.5 The Jominy end-quench test is designed to indicate which one of the following? 
(a) cooling rate, (b) ductility, (c) hardenability, (d) hardness, or (e) strength. 
Answer. (c) The reader might be tempted to select (d) because the Jominy test indicates 
hardness; however, the reason for measuring hardness in the Jominy test is to measure 
hardenability. 
 
27.6 In precipitation hardening, the hardening and strengthening of the metal occurs in which 
one of the following steps (one answer only)? (a) aging, (b) quenching, or (c) solution 
treatment. 
Answer. (a) 
 


