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COURSE DESCRIPTION IN ABET FORMAT

ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS
Program Outcomes Assessed in Course

Assessment Summary of Class Semester Averages for Outcomes

End of Semester Course Outcomes Assessment Reports

TESTS

Summary of Topics covered by Test

Original Test Questions & Master Solution/grading scheme used

(Summary of topics can be a separate page or include on the assignment itself)
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

III. QUIZZES
Summary of Topics covered by Quiz
Original Quiz Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

IV. HOMEWORK ASSIGNMENTS
Summary of Topics covered by Homework
Original Homework Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

LABORATORY REPORTS

Summary of Topics covered by lab

Laboratory Handout/Instructions and Grading Scheme
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

VI. PROJECT
Summary of Topics Covered by Project
Project Problem Statement and Grading Scheme
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

[Include any other evaluation used and omit any method above method (Test, Quizzes,
Homework, Laboratory and Project reports) that was not used]
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Course Description in ABET Format

CHEMICAL ENGINEERING DEPARTMENT
CHEG 2301 MATERIALS SCIENCE

Please use the following format for the course syllabi (2 pages maximum in Times New Roman 12 point font)

Course number and name:

Credits and contact hours:

Instructor’s or course
coordinator’s name:

Text book: Title:
Author:

Publisher, Year & Edition:

a. Other Supplemental material

Specific course information
a. Brief description of the content of the
course (catalog description)

b. Prerequisites or
Co-requisites

c. *Indicate whether a required, elective, or
selected elective (as per definition
provided) course in the program

a. Specific goals for the course specific
outcomes of instruction (e.g. The student
will be able to explain the significance of
current research about a particular topic.)

Students will be able to:

1. An ability to apply conservation laws.

2. An ability to present and report basic

CHEG 2301 MATERIALS SCIENCE

3 credit hours; 3 contact hours

Dr. Keisha Antoine

Materials Science and Engineering, An Introduction
William D. Callister, Jr., David G. Rethwisch

Wiley, 2019 10™ Edition

“The Science and Engineering of Materials”, Askeland,
Donald R. and Pradeep Phule, Fifth Edition, 2005,
Brooks/Cole-Thompson Learning, Inc.

CHEG 2301 Materials Science: 3 semester hours.
Chemical bonding, atomic order and disorder, transport
properties, single phase and multiphase materials, heat
treatment, corrosion, and composites.

CHEM 1304 General Chemistry II or CHEM 1403
Chemistry for Engineers

Required

b. Explicitly indicate which of the student outcomes
listed in Criterion 3 or any other outcomes are
addressed by the course.

The specific goals for the course specific outcomes listed
on the left column will address the following student
learning outcomes:



engineering information.

3. An ability to analyze, formulate and solve
mass balances with and without
chemical reactions. Outcome D1
An ability to identify, formulate, and solve fundamental
4. An ability to analyze, formulate and solve engineering problems by applying principles of
energy balances. engineering, science, and mathematics.

Structure, Property and Processing (3 hours)
Atomic Structure and Interatomic Bonding (9 hours)
The Structure of Crystalline Solids (9 hours)
Imperfections in solids (6 hours)

Diffusion (8 hours)

Mechanical Properties of Metals (7 hours)
Mechanisms of Failure (6 hours)

Brief list of topics to be covered

NNk W=

*Required courses are required of all students in the program, elective courses (often referred to as
open or free electives) are optional for students, and selected elective courses are those for which
students must take one or more courses from a specified group



IT ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

Outcome D1:
An ability to identify, formulate, and solve fundamental engineering problems (CEP) by applying

principles of engineering, science, and mathematics.

Assessment Summary of Class Semester Averages for Outcomes
(Should be provided for Fall 2019 through Spring 2022 Assessment Period)

Outcomes D1
Semester Class
Average (%)

Fall 2021 67.2
Spring 2021 78.7
Spring 2020 74.5

Fall 2019 71
Comments

on Trend of | The class average for
Data this outcome has been

(Improving or consistently increasing.
deteriorating)

*Expected Semester Class Average = 75% (or as defined by the program)
Ideal Semester Class Average =75% (or as defined by the program)

Semester




End of Semester Course Assessment Reports
Fall 2021 and Last Three Assessment Periods.

Each summary contains the following Information

1. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course
outcome assessed in this class and the two previous times course
was assessed.

e The acceptable class average for the class in each outcome area as
set by your Department.

e Percentage of students who scored below the expected average in
each outcome.

2. Implementation Summary
e Brief summary of plans implemented during the semester based
on last assessment report

3. Perceived Problems
e Instructor’s critical evaluation of perceived problems that
affected students’ performance. Realistic problems should be
identified throughout the semester and summarized in this section
of the report.

4. New Plans for Addressing Problems
e Instructor’s plans for addressing the perceived problems the next
time the class is taught. These should be specific enough for
another instructor to implement. Most of these should be things
that, you, the instructor can implement to help students to
improve. Be creative.

5. Overall Trend over last three assessment periods
e Instructors summary of overall performance trend for each
outcome measured over the last three periods.

5. Were Expectations Met?
e Answer YES if the class average was above the expected average
and the stated percentage of students scored at or above the
expected average, else answer NO.



END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT

CHEG 2301 P01 MATERIAL SCIENCE and ENGINEERING: FALL 2021 SEMESTER

Report Prepared by: Dr. KEISHA ANTOINE

Report Date: December 17, 2021

Number
Analysis of Outcome D1
Semester Type Students An ability to identify, formulate, and solve fundamental engineering problems by applying
principles of engineering, science, and mathematics.
Expected Class Average Expected Percent of students Class Average % Students meeting Expected Average
at or above avcraﬁc
Fall 2021 Direct 15 75 70 69.4 33.3
Spring 2021 Direct 13 75 70 78.7 69.2
_
Spring 2020 Direct 23 75 70 74.5 56.5
_
Fall 2019 Direct 20 75 70 71 55
Spring 2019 Direct 11 75 70 79 73
_
Fall 2018 Direct 37 75 70 72 74
FALL 2017 Direct 46 75 70 68 38
SPRING 2017 Direct 40 75 70 67 56
FALL 2016 Direct 53 75 70 77 60

Implementation Summary

Items implemented
from previous report
or after meeting

previous instruitor

This semester marked a resumption to in-person classes. The class whiteboard was used
extensively to engage students during formulation and solving problems.

As before, students’ basic concepts on physics and chemistry were tested in the first exam, then
course-specific content was the focus after that exam. Almost every assessment had a question to
strengthen their ability to read graphs (cartesian and logarithmic) to abstract information.
Homework is assigned (although not graded), and homework problems are reviewed in class.
Some iteration of the homework problems appears in the exams to test their understanding of the
course content.

Perceived Problems

Perceived problems
are directly related to
the PC and the sub
items under them

S>>

This cohort of students seemed to move at a slower pace and took longer to understand the
material when compared to previous cohorts. They struggled with problem identification and
formulation, so additional time was allocated to in-class, instructor-led problem-solving on the
whiteboard. Perhaps this is due to many of the students experiencing in-person college courses for
the first time.

Plans for Addressing
Problems

Plans for address
specific measures to
address PC and their

sub areas::

The instructor spent more contact hours to emphasize general knowledge concepts and to relate
them to crystal structure, bonding and their effects on material properties.

Many homework problems are worked in class. The tests are reflective of the homework assigned.
Students have begun to pay attention to the homework as a result.

Overall Trend over Periods

Ascertain if there
were improvements
over previous

semesterf

Students’ performance fell below expected class average.

Were Expectations Met?

Class Average >75%
and >70% of
Students Performed
at or Above Expected
Average.

— >

Class average =» no
% of students =» no




MATERIALS SCIENCE
FALL 2021
Title of Assignment: TEST 1
TOPICS COVERED IN TEST 1

Test 1 covered the following topics:

1. Structure, Property and Processing
2. Atomic Structure and Interatomic Bonding
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MATERIALS SCIENCE
SPRING 2021

SAMPLE TEST QUESTIONS, SOLUTIONS,
AND GRADING SCHEME FOR TEST 1

Page T2




1. Match the terms to the correct concepts. [20 points]

No. | Term No. | Concept

1 Atomic mass The chemical make-up of a material

2 Composition The mass of an atom expressed as 1/12 the
mass of a carbon atom

3 Physical properties Generally has good ductility, strength and
electrical conductivity

4 Metal The energy required to separate two atoms
from their equilibrium spacing to an infinite
distance apart.

5 Structure The sum of the protons and neutrons

6 Atomic mass unit Electrons that participate in bonding or
chemical reactions

7 Binding energy Atoms are arranged in a periodic fashion
exhibiting long-range order

8 Crystalline materials A relative distance or range of distances
used to describe materials-related structure,
properties or phenomena

9 Length-scale Description of the arrangements of atoms or
ions in a material

10 | valence electrons Describe characteristics such as color,
elasticity, electrical or thermal conductivity,
magnetism and optical behavior

2. Using the periodic table attached, calculate the percent ionic character of the interatomic
bonds for MgCl; [10 points]



3. Your client is looking for some material recommendations for weights that can potentially 4, What type(s) of bonding would be expected for nichrome (an alloy containing nickel and

keep an object submerged in water, i.e., it must be heavier than water (r = 1000 kg/m3). chromium)? [5 points]

The materials must be mechanically strong, having a stiffness (i.e., Young’'s modulus) 1. lonic bonding

greater than 500 GPa. List three (3) materials that you would recommend to the cli- 2. Metallic bonding

ent. The Ashby chart below has been provided for your reference. [15 points] 3. Covalent bonding with some van der Waals bonding

4. Van der Waals bonding

5. What type(s) of bonding would be expected for rubber? [5 points]
1. lonic bonding
2. Metallic bonding

ol Techmea Sl::%;m\;.ﬂm;m N,g,,g,;m - 3. Covalent bonding with some van der Waals bonding
MM J . 4. Van der Waals bonding
Composites._CFrP P
100 Pt S cualops
_ s - __—Metals
S s ) . . .
&’ 10+ Natural e i 6. What type(s) of bonding would be expected for a) calcium fluoride (CaF:)? [5 points]
w e Non-technical 1. lonic bonding
. e seons
é 1 S —"= WO-W 2. Metallic bonding
s polymer ¢ e (L
é » o bﬂ ~— Polymers 3. Covalent bonding with some van der Waals bonding
0 E e H
B Foame 4. Van der Waals bonding
5 >~ / l .
3 7 end Sicons
Rl Sle i
cork Forethane
o e '—_NMW 7. What type(s) of bonding would be expected for silicon oxide single crystal (Si02)? [5 points]
O-—A aame ™™ Butyl ™~ Elastomers 1. lonic bonding
o] . S B i G DasaLe) 2. Metallic bonding
1o 100 ) 1000 10,000 3. Covalent bonding with some van der Waals bonding
Density, p (kg/m?)

4, Van der Waals bonding



8. Calculate the radius of an iridium (Ir) atom, given that Ir has an FCC crystal structure, a den- 9. Construct a unit cell showing the (111) plane and the [1 % 1] direction. [10 points]
sity of 22.4 g/cm3 and an atomic weight of 192.2 g/mol. [25 points]
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CHEG 2301 PO1 Materials Science & Engineering Dr. Antoine
10/11/2021 Test1

Student Na"'E:M_&bﬂg_ﬂaum Qdmm-

1. Match the terms to the correct concepts. [20 points]

No. | Term No. | Concept

1 | Compaosition J The chemical make-up of a material

2 Atomic mass The mass of an atom expressed as 1/12 the
mass of a carbon atom

Generally has good ductility, strength and
electrical conductivity

The energy required to separate two atoms
from their equilibrium spacing to an infinite
distance apart,

The sum of the protons and neutrons
Electrons that participate in bonding or
chemical reactions

Atoms are arranged in a periodic fashion
exhibiting long-range order

8 Structure y A relative distance or range of distances

4 ¢ | used to describe materials-related structure,
properties or phenomena

Description of the arrangements of atoms or
ions in a material

10 | Length-scale o Describe characteristics such as color,
elasticity, electrical or thermal conductivity,
magnetism and optical behavier

3 Physical properties ¢

a Metal v

5 Crystalline materials v
E Atomic mass unit

Ed Binding energy v

U | o = || w

9 Valence electrons v

R

CHEG 2301 POL Materials Science & Engineering Dr. Antoine
10/11/2021 Test 1

A ”am'f_:];_“n_@.m_a&aa;h%ulm_ Qamn

2. Using the periodic tablle attached, calculate the percent ionic character of the interatomic bonds for
MgBr; [10 points]

¢ la-Xet
My = L2 ) % inic chawdn = [1- &
=28 (n) g
inic choucn . [ (28125
le e JK (t00+4) -

o ek g

1s¢

-

1' e J/?ﬁ{{m-fij =) 1‘; lewit thmmi'm = lﬁ”’ 3 ?{ ;




CHEG 2301 PO1 e
M "
10/11/2021 s s“i:i: f‘ Englneering

Student Name :—LELM@%_W;DW“*

3 \'ou_.u client is looking for some material recommendatians for weights that can potentially keep an
object submerged in water, i.e, it must be heavier than water (2= 1000 kg/m’). The materials must
be mechanically strong, having a stiffness [i.2., Young's modulus) greater than 500 GPa. List three

13) materials that you would recommend to the client. The Ashby chart below has been provided
for your reference. [15 points]

e

Dr. Antoine

Technical ”’°’ e 4 aaays
] 10004 . WM |

| = e relachniedl %2{* Ww»\:m
' A-i__

Composites CF”

__Metals
'&‘ S s millyd
o & Natural el
o materials _Pa
r Non-technical
o Euo-n coramics
] d e
'§ g e
; 2 s
- 10 ?
Foams
g iy /o] Jimme
= 102 " =3
Caik Patyureitars
i O\ liggrani
| 'Ua_ ‘____.lhwm
| Floiie potymer
| Ot Sary. Buryl “ Elastomers
1 Cl!hnine!-uﬂ-uwuj
104 . y T
10 100 1000 10,000

Density, p {kg/m?)

CHEG 2301 PO1 Materials Science & Engineering
10/11/2021 Test 1
Student Name: e

4,

ﬂymm
Wihat type(s) of bonding would be expected for nichrame (an alloy containing nickel and
chromium|? [5 points)
1. lonic bonding
(2. Metaliic banding

3. Covalent bonding with some van der Waals bonding
4. Wan der Waals bonding

. What type{s) of bonding would be expected for rubber? [5 points]

1. lenic bonding
1 ME'taIIn: bonding

“3. Covalent bonding with some van der Waals bonding
4. Van der Waals bonding = =

What bppe[s] of bonding would be expected for a) calcium fluoride {CaFz)? [5 peints]
lenic baol m
 Metallic bonding
3 Covalent bonding with some van der Waals bonding
4. Van der Waals bonding

. What typels) of bonding would be expected for silicon oxide single crystal (Si02)? [5 points]

1. lonic bonding
2. Metallic bonding
3. Covalent bonding with some van der Waals bonding

Dr. Antoine



CHEG 2301 PO

101112001 Materials Science & Engineering

Test1

Dr. Antoine

Student MName:
ey

B Calculate t’he radius of an iridium (Ir) atom, Biven that Ir has an FCC crystal structure, 8 density of
22.4g/cm® and an atomic weight of 192.2 g/mal. [25 points]

li=y P’ 2o =2 ez ._Ej
For Fec i e - Mg F ha =
s gl ) (mzamgy
f= 224  fon (22.4 Hlem? ) [G-ozs x40t “3";"'«4)
g
A= 1922 gJug Vez S.618x 0%,
Tt o /el

a= QRHE_
3
Ve= a’ = fiﬁﬁ)g )
5. 68x 000 8 = (2R E) -

2RE . 3 pusxp?, g, S 2w

2
1R= 1.36x03, | "

CHEG 2301 PO1 Materials Science & Engineering
10/11/2021 Test 1

Student Nam:.Jm_@LL&uﬁa_wyW‘ ;

9. Censtruct a unit cell showing the {111) plane and the [1 % 1) direction. [10 points]

ET w) h k ?
B4l (4 &9
iﬂ-m..'n; 0
XL g 0N
h
=% ¥ Bamb
K
P T
) 4
x ¢
h [a v w3

U n (a=X4)jo = 4
VEn D9 -4y
W= n (f-2 )/c - 1

Dr. Antoine
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CHEG 2301 PO1 ’
10/11/2021 Materials Sdfr:ns: i& Engineering Dr. Antoine

———
Student Name:

Dr. Antoine

CHEG 2301 PO1 Materials Science & Engineering
Jo/11/2021 Test 1

suwentrame NAONes oy

1.

2. Using the periadic table attached, calculate the percent lonic character of the interatomic bonds for

f2 10 points] I \.. U{)[(_’ 095:)(()%4 -)(6-3]} 10

infinite

from their equilibrium spacing to an
distance apa

The sum of the protons and neutrons
Electrons that participate in bonding or
chemical reactions ;
Atoms are 1ged ina p
exhibiting long-range order
A relative distance or range of distances
)| used to describe materials-related structure,

properties or phenomena
‘Description of the arrangements of atoms or

\;

ibe characteristics such as coler,
city, electrical or thermal conductivity,
m and optical behavior




Dr. Antoine § § §
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CHEG 2301 PO1 Materials Science
! Test

10/11/2021
Student Name: )
oy containing nicke! and

of bonding wauld be expected far nichrames {an al

CHEG 2301 PO1 h
20/11/2021 Materials su?r"m & Engineering Sk A
st 1 >

Studant Mame-

3. Your client is lookin, i
object submerged |: ::t::r:e mftenal recommendations far welights that can potentially keep an s
be mechanically strong, haq.u;f., it must be heavier than water [o= 1000 kg/m’). The materials must - Chmr“?:nl? ik
g a stiffness (i.e., Young's modulus| greater than 500 GPa. List three R ks
with some van der Waals bonding

(3) materials that you
that you would recommend to the client. The Ashby chiart below has been provided
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CHEG 2301 po1 _
10/11/2021 Materials Sd*_!r:::.: Engineering
Student Name:

I:Ir.An‘LD‘I'nE.

8, Calculate the radius of an iridium {Ir) atom, given that Ir has an FCC Grystal structure, a density of

224 g/em’ and an atomic weight of 152.2 g/mol. [25 points]

e et e

CHEG 2301 P01
10/11/2021

Student Name:

Materials Science & Engineering
Test 1

showing the (111} plane and the [1 % ﬂul_'réul:uc?t_n-(i.qui_l_‘ft_‘l
z X o) i

Dr. Antoing
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MATERIALS SCIENCE
SPRING 2021

Title of Assignment: FINAL EXAM
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N:Ni‘l'Tf'I'% Vsphere:

concentration gradient =

3

dc _ AC _ Ca—Cp

dx ~ Ax  xz—xp

Cx—Co
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tar® D=Duexp(—%) J=5=-

zlferf(ﬁ

dc
Do

x

)

1. What is the composition in weight percent of an alloy that consists of 94.1 at% Ag and 5.9 at% Cu?
The atomic weights of Ag and Cu are 107.87 g/mol and 63.55 g/mol, respectively:
a. 9.6 wt% Ag and 90.4 wt% Cu
b. 3.6 wt% Ag and 96.4 wt% Cu
c. 90.4 wt% Ag and 9.6 wt% Cu
d. 96.4 wt% Ag and 3.6 wt% Cu

2. What factor affects the number of vacancies in a metal? Choose the correct answer. [5 points]
a. Time
b. Light intensity
c. Temperature
d. pH

3. A pristine ingot of gold at room temperature has vacancies. TRUE or FALSE [5 points]
4. Diffusion has a linear relationship with temperature. TRUE  FALSE [5 points]

5. Which of the following is a crystalline solid?
a. Copper wire
b. Glass bottle
c. Polythene bag
d. Rubber ball

6. What type(s) of bonding would be expected for a) calcium fluoride (CaF,)? [5 points]
a. lonic bonding
b. Metallic bonding
c. Covalent bonding with some van der Waals bonding
d. Van der Waals bonding

7. A table showing the dependence of diffusivity on temperature is shown below. What is the value of
temperature for D = 2.315 x 10 m?¥/s? [5 points]



T(K | D(m2/s)
1300 |1.075€-11
1400 |1.4146-11
1500 |1.794E-11
1600 |2.208E-11
1700 |2.653E-11
1800 |3.1236-11

a. 1632
b. 1599
c. 1620
d. 1624

8. The stress strain curves of two materials are given in the sketch below
higher ductility (i) or (ii). [5 points]

A
Engineering | )/
tensile /
stress, o /

. Choose which material has

Engineering tensile strain,

a. (i)
b. (ii)

€

9. A specimen of steel has a rectangular cross-section 20 mm wide and 40 mm thick, an elastic modu-

lus of 207 GPa, and a Poisson’s ratio of 0.30. If this specimen is pulled in tension with a force of

60,000 N, what is the change in width if deformation is totally elastic? [5 points]

a. Increase in width of 7.24 x 10* m
b. Decrease in width of 2.18 x 105 m
c. Increase in width of 7.24 x 10 m
d. Decrease in width of 2.18 x 10 m



10. The Ashby Chart is a tool that can be used in the Material Selection process; it compares two or 11. An unspecified alloy specimen of square cross-section (0.175 in. on a side) exhibits the stress-strain

more properties of many materials or classes of materials. The Ashby Chart below compares behavior shown in Fig. 1. The specimenis 12 in. long. NOTE: the strain is given in units of 0.001
Young's Modulus against density for different materials. From the Ashby Chart shown below, state in/in. Therefore “8” is 8 x 0.001 in./in. or 0.008 in./in.
which of the materials you think is stronger — 200 S0
(i) rigid polymer foams or
(i) silicone elastomers? [5 points] 180 75F 24 °C) 1260
160 200 °F (93 °C)— 1120
" Diamond a0, Steels 400 °F (204 °C)
Technical SiC Mi alloys.
4000 e e CRFAMICS. i o/,wc - 140 //{':wr e a0
o atoys /wo F (427 °C)
= con 120 //7 = o
-] a
R _ Motals % 100 900 °F (482 °C) 00
© ] H
% 5= Lead alloys. @ 5'1
E 80 1000 “F (538 ‘C)—1 560
@
) 60 420
3 ; 0,
£ T Polymers P 280
E
: o - o
2 asiomers
Polyurethane
C“Tmm % 2 4 6 ] 10 17
oy q '__Nmm (a) Strain, 0.001 in/in
Flexible polymer
O—‘d fooms Bul ~~ Elastomers a) Recall that the technical definition for yield strength, G,, is the value of the engineering stress where
10 L i g the engineering strain, &, = 0.002. Using this definition, what is the yield strength of the metal alloy
10 1 10,000

1000 .
Density, p (kg/m?) at 200°F? [10 points]



11. An unspecified alloy specimen of square cross-section (0.175 in. on a side) exhibits the stress-strain
behavior shown in Fig. 1. The specimenis 12 in. long. NOTE: the strain is given in units of 0.001
infin. Therefore “8” is 8 x 0.001 in./in. or 0.008 in./in.

200 1400
180 1260
75 °F (24 °C)
160 200 °F (93 °C)— 1120
400 °F (204 °C)
140 // 7 B0°F 316°C) | o0
800 °F (427 °C)
120 —a 840 _
3 g
; 900 °F (482 °C) 2
§ 100 . 700 &
3 &
80 1000 °F (538 *C)—1 560
60 /// 420
0 280
20 140
% 2 I ] ] 10 12

(a)

Stran, 0.001 m./in

a) Recall that the technical definition for yield strength, G, is the value of the engineering stress where

the engineering strain, g, = 0.002. Using this definition, what is the yield strength of the metal alloy

at 200°F? [10 points]

b) Compute the Young's modulus of this alloy at 200°F. Report units in US Customary units or English
units. [10 points]



c) Compute the magnitude of the load necessary to produce an elongation of 0.018 in. [10 points]

d) Using the concept of safe stress or working stress, ., we know that the safe stress is based on the
yield strength of the material and is defined by:
[z
Ow =7 (6.24)
Where N is the factor of safety.

For a factor of safety equal to five (5), compute the working stress corresponding to the yield stress
you found in part a. [10 points]

e) For a nail to be driven into the metal with a hammer, what is the force that must be applied? As-

sume that the tip of a nail has an area of 0.01 in’. [10 points]
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1. What is the composition in weight percent of an alloy that consists of 94.1 at% Ag and 5.9 at% Cu?
The atomic weights of Ag and Cu are 107.87 g/mol and 63.55 g/mol, respectively:

a. 9.6 wt% Agand 90.4 wt% Cu AG =5 ‘MLMM

b. 3.6 wt% Ag and 96.4 wt% Cu 35412 ,g.j,'
fj?"‘ (5) 90.8 wt% Ag and 5.6 wtt Cu Qi (63 ) LIy )
d. 96.4 wi% Ag and 3.6 wt% Cu = a.f %
(uw = g6 41
2. What factor affects the number of vacancies in a metal? Choose the correct answer. [5 points]
Time

b. Light intensity

L]/ (€) Temperature

d. pH

3. A pristine ingot of gold at room temperature has vacancies. TRUE or FALSE [5 points] e
TYue
4. Diffusion has a linear relationship with temperature. TRUE FALSE [5 points] -~
Fal Se G
5. Which of the following is a crystalline solid?
(3.) Copper wire
b. Glass bottle
c. Polythene bag
d. Rubber ball

/g

@ lonic bonding

b. Metallic bonding

(©) Covalent bonding with some van der Waals bonding
d. Van der Waals bonding

6. What type(s) of bonding would be expected for a) alclty {CaF:)? [5 points]
/

7. Atable showing the dependence of diffusivity on temperature is shown below. What is the value of
T(K) | D(m2fs)
1300 |1.075E-11

temperature for D = 2.315 x 10" m?/s? [5 points]
| ir 4 ;
a. 1632 J
b 1509 \_/
1400 |1.414E-11 c {

1500 |1.794E-11 (d) 1624
1600 |2.208E-11
1700 |2.653E-11
1800 |3.123E-11

, T= lioo + (2315 2208

=qo-4 %

[}
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8. The stress strain curves of two materials are given in the sketch below. Choose which material has
higher ductility (i) or (ii). [S points]

A
Engineering | ()/
tensile / (ii)
stress, o I

&

Engineering tensile strain,

o
0 / "

9. Aspecimen of steel has a rectangular cross-section 20 mm wide and 40 mm thick, an elastic
modulus of 207 GPa, and a Poisson's ratio of 0.30. if this specimen is pulled in tension with a force
of 60,000 N, what is the change in width if defarmation is totally elastic? [S points]

a. Increase in width of 7.24 x 10° m " = D-‘f
o b Decrease in width of 2.18 % 10° m E =3 é 22X
‘}i @ increase in width of 7.24 x 10% m

. Decrease in width of 2,18 x 10°% m % = ;’t—\_“._L—'
Find AL it —_ L.
C'\r\.r{’ﬂ'l t‘Z-QUM\M, V'L?E'E" :ﬂLﬂfdch.
W= 4o haan rz 1
E=20}GPa £y =Vez = 3:6¢5X¢ /205
V=020 g =6° 000N = 01001 2% mag
F= (oOJ,[)OOM gxm"”m‘ —p.00}2
. |00 O rmpm
" . | e xf()?-'&'- "
Ao — (QOMM:](J'-,[DP\"W‘): G oome 5 o

1 e = P2y
Ei_f?_mﬁ,}ﬂ_“_"f_..-f; — &X10 m? £ =0 ¥ 3

(IC{"UMW‘.)- (Z

l=1-t. 0=5 S0 Pd_

¢ O _#5x10" Pa
E 20104
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10. The Ashby Chart is a tool that can be used in the Material Selection process; it compares two or
more properties of many materials or classes of materials. The Ashby Chart below compares Young's
Modulus against density for different materials. From the Ashby Chart shown below, state which of
the materials you think is stronger

: \q' S modudus
rigid polymer faams or -HAVE 5“"1"‘?5 ﬂou'f_‘,_ 8

(i} silicane elastomers? [S points]

Technical

G -

Young's modulus, E (GPa)

10,000

10 T oo

1000
Density, » (kg/m?)
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11. An unspecified alloy specimen of sguare cross-section (0.175 in. on a side) exhibits the stress-strain
behavior shown in Fig. 1. The specimen is 12 in. long. NOTE: the strain is given in units of 0.001
infin. Therefore “8” is 8 x 0.001 in./in. or 0.008 in./in.

'l

Recall that the technical definition for yield strength, o, is the value of the engineering stress where
the engineering strain, £, = 0.002. Using this definition, what is the yield strength of the metal alloy
at 200°F? [10 points] el

160 Koi y
5 10

Compute the Young's modulus of this alloy at 200°F. Report units in US Customary units or English
units. [10 points]

b

E=0g - 40 — #0-0 - T 29 200 Ks\
c s (#'?*0)(9-009

0
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c) Compute the magnitude of the load necessary to produce an elongation of 0.018 in. [10 points]

Elonqation =AL=b.pIE 1N O".:J;-—
o = ' - ]
]0 B _r_LL: =0:01gi0_-0.00F 12 Aone at tue

FH -
) ) o aci< Page
d) Using the concept of safe stress or working stress, 6., we know that the safe stféss is based on the
yield strength of the material and is defined by:

0, =2 (6.24)
Where N is the factor of safety.

For a factor of safety equal to five (5), compute the working stress corresponding to the yield stress you

found in part a. [10 points] ) 5
0 = 160 K5I Cw = _ )
,,S: S = 1b0KOl — 2R K&
5 y
Cw="1

e

|

e) For a nail to be driven into the metal with a hammer, what is the force that must be applied?
Assume that the tip of a nail has an area of 0.01 in’. [10 points] \OQ
f*‘/'/ v \ﬂ—C.A;S’ !

= g -y
. . ~CA
A, = O:0l1N" = o)

. 5
0 = 22K8) A 32X10 B j/
wo

o=k |V

i
: A 200254
F o goa =3x8 Bex 0ol (20248

1..-_‘)f'~—'k
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o

= 00015 'J—’;Lq

)2 in
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o e SR £ z g
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g
.'rr What is the composition in weight percent of an alloy that consists of 94.1 at% Ag and 5.9 at% Cu?
The atomic weights of Ag and Cu are 107.87 g/mol and 63.55 g/maol, respectively: A
a. 9.6wtd% Ag and 90.4 wt% Cu £ f0 \apwewt | (e-¥  Le
-~ b. 3.6 wtd% Ag and 96.4 wt% Cu I —
‘.L_) - i {1

256

VOHER \ y y ISP L
\ SFu.Aq4¢

/rfs 90.4 wt% Ag and 9.6 wi% Cu v 5.9
- Td) 96.4 wt% Ag and 3.6 wt% Cu
2. What factor affects the number of vacancies in a metal? Choose the correct answer. |5 points]
s Time
~a_ Light intensity
g ,é @ Temperature

~d._pH

J \

3. A pristine ingot of gold at room temperature has vacamies.@or FALSE [5 points] —
4 Diffusion has a linear relationship with temperature. (TRUE FALSE [5 points] f/ >

5. Which of the following is a crystalline solid?
Copper wire

Glass bottle )
Polythene bag >< (_?
» Rubber ball
6. What mng{s] of bonding would be expected for a) calcium fluoride (CaFs)? [5 points]
Y lonic bonding R -
b Metallic banding E ,gz

&~ Covalent bonding with some van der Waals bonding
“#@~ Van der Waals bonding =

Q A table showing the dependence of diffusivity on temperature is shown below. What is the value of
temperature for D = 2.315 x 10" mé/s? [5 points]

T ] Dme/s) A

o 1300 | LO75E-11 b7 1599
- 1400 |1.414E-11 /&) 1620 / ()
5 7 1500 |1.794E-11 / 1624

F 1600 |2.208E-11))
1700 [2.8536-11 ~

o [_1800 [3323E-11 X .

)07 245 %x\0 m /s
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B. The stress strain curves of two materials are given in the sketch below. Choose which material has
higher ductility (i) or (ii). [5 points]

A
Engineering | ()
tensile
stress, o
> i
7 Engineering tensile strain, ¢

3. Aspecimen of steel has a rectangular cross-section 20 mm wide and 40 mm thick, an elastic
meodulus of 207 GPa, and a Poisson’s ratio of 0.20. If this specimen is pulled in tension with a force
of 60,000 N, what is the change inwidth if deformation is totally elastic? [5 points]

r Increase in width of 7.24 x 10*m
- Decrease in width of 2.18 x 10*m

L/{ D Increase inwidthof 724x10°m 6~ { 2 Ao 100 x Y0 bam

"Hnu( We L

Decrease in width of 2.18 x 10 m
¥= Lo, 000m

4 r'\‘uun - Hacies gu r leps S (TiU l|'-_-1r.._L Wy Vs 0.3
L amp, widu E  (fe
1\ P0mm Thick
3 P laehn e medulul OF 127 6iFe
— l'.-u' Bl aaal & 3. - g 17,
— W foksons Vi 0.7 =12
‘ o ,roond ' L b3
"N= we,00p F.Cw [ - 0
p 1 o Di00lA = =3 calpF
) T Tl Loppogo= .,Illll
Ho tl'ﬂ e Y L }(_ m_ ) /]
# Y i YU )

&
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10. The Ashby Chart is a tool that can be used In the Material Selection process; it compares two or
maore properties of many materials or classes of materials. The Ashby Chart below compares Young's
Modulus against density for different materials. From the Ashby Chart shown below,. state which o[

the materials you think is stronger —
N

i rigid polymer foams or
{ii) silicone elastomers? [5 points]

Young's modulus, E (GPa)

ity. p (kg/m?)
- — >

(!\l‘“'-"“ﬁ

= hwesier % thonegor
< 4

Linid . US‘llutu!"( 'Q"it%‘ill"llir\\"{
l‘{fl o
ii‘l.l U&b [

D € -[‘u”"‘lt-g (juma\'f"-" fhun 100 ¥g/m3
s funaty Jure . h LL].E
fhan 100 g Im Lt
(e pefwsen
- w07
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11. An unspecified alloy specimen of square cross-section (0.175 in. on a side) exhibits the stress-strain
behavior shown in-Fig-1-—The specimen is 12 in, long. NOTE: the strain s given in units of 0.001

infin. Therefore|"8" is 8 x 0.001 in./in. or 0.008 in.fin. '\\

« 1w 'Iuh.j
¢ Qx 02201 Or D.obg

a) Recall that the technical definition for yield strength, o,, is the value of the engineering stress where
the engineering strain, g, = 0.002. Using this definition, what is the yield strength of the metal alloy

:tlzluu—nluopoints] ok iaall Whnbtring (Pagn @ ¢= ﬂ\“u(mu— )

Hien . hie 7 0.002= Al 0.00%(|pp-0. Do")
gy BGEN S Sy 0,002 0.002=4A1/.F9993¢ :
'“{U » papanld q\lfb’U} bt lpo-F l'}_001t Faq 'S)ll?] - L\i -

@‘,_.‘E:-” Mo g = Ef' , A= 001 S«
q!lllo b) Compute the Young's modulus of this alloy at 200°F. Report units in US Customary units or English
units. [10 points] 6 .
200°§ 6 W7
64 VMR ok Yo bt usey vn his cal e
Tol Calenlodt sloge o Nuicar reggo

D'- II Y '\Dr‘.c]

Lk

Bl -

"flLf,a .

N Qe

Y
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€) Compute the magnitude of the load necessary to produce an elongation of 0.018 in. [10 points]
&

d) Using the concept of safe stress or working stress, o., we know that the safe stress is based on the
yield strength of the material and is defined by:

o =2 (6.24)
Where N is the factor of safety.

For a factor of safety equal to five (S), compute the working stress corresponding to the yield stress you
found in part a. [10 points]

= 10 M4y
64 : o
6 N .'?w E —'—5:"' T = l_lzg "M‘P““L
) ' =
//
) O

e) For a nail to be driven into the metal with a hammer, what is the force that must be applied?
Assume that the tip of a nail has an area of 0.01 in’. [10 points)

I\

-
|V
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