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Purpose

The purpose of this exercise is to illustrate how 
science and mathematics can drive an 
engineering problem, with constraints, for the 
purposes of a human need. 



Problem
An engineer needs to determine which metal 
will be most useful for the construction of an 
unyielding bicycle frame for a tall, heavy rider. 



Background
Pure metals are often times incredibly strong, but 
could be too brittle, bendable, or easily crack under 
great shear force/pressure when applied during 
some form of engineering application – such as a 
bicycle frame. Given a large shear force, using 
inappropriate material(s) could lead to some type 
of structural failure. For example, pure aluminum is 
quite brittle despite how light and durable it may 
appear. Instead, one would be inclined to prefer a 
metallic alloy, or metals that are combined with 
other metals to make them stronger, harder, 
lighter and better for a variety of purposes.



Key Terms
(1) main, based or parent metal

(2) alloying agents

(3) solid solution

(4) substitution alloys

(5) Interstitial alloys

(6) Various properties of metals: bendability, 
malleability, rigidity, ability to conduct 
electricity in varying degrees, or varied abilities 
to conduct heat 

(7) powder metallurgy 

(8) ion implantation            



QUESTION

Which raw material will be most 
suitable for melting and being 
combined with another metal for 
the development of a rigid and 
durable alloy? 



RANK

RANK each numbered sample from: 

____lightest

____light

____middle

____great

____greatest 



PREDICTION:
Based on your ranking, which metal do you 
believe is a suitable sample for use in a bicycle 
design for a rider wishing to have the actual 
bike frame designed to be less than 15 pounds; 
what about a bike frame greater than 40 
pounds?



DATA COLLECTION: 
(1) Use the small digital scale to determine the 

mass of each cube. 

(2) Using a ruler, verify the calculated volume as 
shown in Table 1. 

(3) Discuss the qualitative characteristics.



Table 1: Data Collection
Sample 
metal

Mass (g) Width (cm) Length (cm) Height (cm) Volume (V) 
W x L x H = 

cm3

(D) 
m ÷ v = 
g/cm3

Metal

1 2.5 2.5 2.5

2 2.5 2.5 2.5

3 2.5 2.5 2.5

4 2.5 2.5 2.5

5 2.5 2.5 2.5



Discussion

1. Explain what is found in the (D) column? 
What is the significance of having the same 
“volume” for all samples?



Discussion 
1. Density is mass per unit of volume. In this case 
that means for every cubic centimeter of volume, 
there is X amount of matter (mass) found in that 
particular sample of metal. Density depends on how 
compacted the material is, given its atomic structure. 
The significance of having the same volume for all 
samples is that this variable remains constant, while 
only the mass changes based on material type. 
Hence, both mass and volume are extensive 
properties, whose values can change given size of the 
sample. On the other hand, density is an intensive 
property, meaning that regardless of the sample size, 
the value will remain the same. 



Table 2: Processing Data: 2. Use Table 2 to determine the 
difference in mass between the metals in their “purest” form from 
the observed “sample.” 

Metal (D) of 
purest 
g/cm3

Mass of metal at 15.625 g/cm3

(Purest,  g/cm3 * 15.625 g/cm3 )

Sample 
metal

(D) of 
sample 
g/cm3

Mass of metal at 15.625 g/cm3

(Sample,  g/cm3 * 15.625 g/cm3 )

Difference

 (>mass -< mass)

Copper

8.96 8.96 *15.625 = 140.00g 1 9.08 9.08 *15.625 = 141.88g 141.88 - 140.00 =

1.88g (difference)

Iron*

7.85 7.85 *15.625 = 122.66g 2

Brass*

8.64 8.64 *15.625 = 135.00g 3

Zinc*

7.13 7.13 *15.625 = 111.41g 4

Aluminum

2.70 2.70 *15.625 = 42.19g 5



Table 2: Processing Data: 2. Use Table 2 to determine the 
difference in mass between the metals in their “purest” 
form from the observed “sample.” 



Discussion: 

3. Based on your calculated density (D) for all 
sample the metals, explain possible reasons 
why the values for your sample do/do not 
closely match with the values for each metal in 
its purest form. How can this information be 
helpful in answering the initial question? 



Discussion:

3. Masses do not match because the sample 
metals are impure, meaning that they are a 
solid solution mixture of two different metals 
(make up an alloy). We can better evaluate the 
purity of the sample metals because the 
density of the alloying agents might affect the 
overall mass in the positive or negative 
direction. Sample metals that are close in the 
range of the pure metals are better samples for 
applied use in the bike frame.  



Table 3: Fractions, Percentages and 
Ratios Related to Various Alloys

4. Use Table 3 to calculate various percentages, 
fractions, and ratios for your “samples” of brass, 
iron and zinc. Use the mass values you found 
with the digital scale. Discuss the patterns in 
each of these calculations. 



Steps to complete Table 3
▪ Step 1: Calculate fraction per 100. Percentage of metal in sample in second 

column goes in the numerators place and 100 goes into denominators place.

▪ Step 2: Reduce fraction to determine “Fraction of Total.”

▪ Step 3: Determine grams in sample by multiplying total sample in grams X %

▪ Step 4: Calculate ratio of metal in each row to remaining metals (sum of) as 
a ratio of 1 to ? For example, for every 1 part of aluminum, are 7.33 parts of 
iron, nickel and cobalt. To find second number in ratio: 

▪ Step 5: DEN ÷ NUM ⁼ 8.33 ; Then, 8.33 – 1 ⁼ 7.33

▪ Step 6: To verify: NUM ÷ DEN ⁼ 0.12 ;  Then, 8.33 X 0.12 ⁼ 1



Alloy Components Fraction of 
Total

Fraction per 100 Grams in 15.625 cm3 sample Ratio to remaining metals

Alnico 
(120.00g)

Magnets in 
loudspeakers and 
pickups in electric 

guitars. 

Iron (50%) 𝟏

𝟐

𝟓𝟎

𝟏𝟎𝟎

60.00g 1 : 1
(2*0.5)=1

Aluminum (12%) 𝟑

𝟐𝟓

𝟏𝟐

𝟏𝟎𝟎

14.40g 1 : 7.33
(8.33*0.12)=1

Nickel (25%) 𝟏

𝟒

𝟐𝟓

𝟏𝟎𝟎

30.00g 1 : 3
(4*0.25)=1

Cobalt (13%) 𝟏𝟑

𝟏𝟎𝟎

𝟏𝟑

𝟏𝟎𝟎

15.60g 1 : 6.69
(7.69*0.13)=1

TOTAL 1 1 120.00g

Sample Brass*
(135.00g)

Doors, locks, 
musical 

instruments, 
heating pipes

Copper (75%) 𝟑

𝟒

𝟕𝟓

𝟏𝟎𝟎

101.25g 1 : .33
(1.33*0.75)=1

Zinc (25%) 𝟏

𝟒

𝟐𝟓

𝟏𝟎𝟎

33.75g 1 : 3
(4*0.25)=1

TOTAL 1 1 135.00g

Sample Iron*
(127.66g)

Metal structures 
and heavy duty 

cookware

Iron (96%) 𝟐𝟒

𝟐𝟓

𝟗𝟔

𝟏𝟎𝟎

122.55g 1 : 0.04
(1.04*0.96)=1

Carbon, silicon & 
unknowns (4%)

𝟏

𝟐𝟓

𝟒

𝟏𝟎𝟎

5.11g 1 : 24
(25*0.04)=1

TOTAL 1 1 127.66g

Stainless Steel
(128.59g)

Metal structures, 
car and airplane 

parts, bicycle 
frames.

Iron (50%) 1

2

50

100

64.30 g 1 : 1
(2*0.5)=1

Chromium (25%)  
    

1

4

25

100

32.15 g 1 : 3
(4*0.25)=1

Carbon (5%) 1

20

5

100

6.43 g 1 : 19
(20*0.05)=1 

Nickel (12%) 3

25

12

100

15.43g 1 : 7.33
(8.33*0.12)=1

Manganese (8%) 2

25

8

100

10.29g 1 : 11.50
(12.50*0.08)=1

TOTAL 1 1 128.59 g



Duralumin
(43.59g)

Automobile 
and aircraft 
body parts, 

military 
equipment.

Aluminum 
(94%)

47

50

94

100

40.97g 1 : 0.064
(1.064*0.94)=1

Copper (4%) 1

25

4

100

1.74g 1 : 24.05
(25.05*0.04)=1

Magnesium 
(1%)

1

100

1

100

0.44g 1 : 98.07
(99.07*0.01)=1

Manganese 
(1%)

1

100

1

100

0.44g 1 : 98.07
(99.07*0.01)=1

TOTAL 1 1 43.59g

Sample 
Zinc*

(92.50g)
Die casting 

products for 
cars, power 

tools, or bike 
parts

Zinc (84%) 𝟐𝟏

𝟐𝟓

𝟖𝟒

𝟏𝟎𝟎

77.70g 1 : 0.19
(1.19*0.84)=1

Aluminum 
(16%)

𝟒

𝟐𝟓

𝟏𝟔

𝟏𝟎𝟎

14.8g 1 : 5.25
(6.25*0.16)=1

TOTAL 1 1 92.50g

5. Discussion: After completing Table 3, explain which metal is most suitable for use in a bicycle 
design for a rider wishing to have the actual frame designed to be less than 15 pounds or greater 
than 40 pounds, respectively. 







Graphic Example of Coherence: 
Structure and properties of matter (5)
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