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Solution 1.1 

Problem Statement 

 

Electric current is the fundamental SI electrical dimension, with the ampere (A) as its unit. Determine units for the 

following quantities as combinations of fundamental SI units. 

(a) Electric power  

(b) Electric charge  

(c) Electric potential difference  

(d) Electric resistance  

(e) Electric capacitance 

 

Solution 

 

(a) Power is power, whether it is electrical, mechanical, or otherwise. Thus, electric power has the usual units of 

power: 

 
2

3

energy J N m kg m
power

time s s s
= = = =  

(b) Electric current is by definition the time rate of transfer of electrical charge. Thus 

 
charge

current
time

=  

or charge current*time A s= =  

(you probably recall that the Coulomb is the usual derived unit of charge, defined as 1 A s) 

 

Solution continued on next page…  
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(c) Because power is given by the product of current and electric potential,  

 
energy

power current*electric potential
time

= =  

or 
2

3

energy kg m
electrical potential

current*time A s
= =  

(you probably recall that this is defined as the volt) 

 

(d) Because (by Ohm’s Law) current is electric potential divided by resistance, 

or 
2

2 3

electrical potential kg m
resistance

current A  s
= =  

(this is defined as the ohm) 

 

(e) Because electric potential is electric charge divided by electric capacitance, 

charge
electrical potential

electrical capacitance
=  

or 
2 4

2 2

3

charge A s A  s
electrical capacitance

electrical potential kg m kg m

A s

= = =  

 
 
Solution 1.2 

Problem Statement 

Liquid/vapor saturation pressure Psat is often represented as a function of temperature by the Antoine equation, 

which can be written in the form:  
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log / tor( r
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Here, parameters a, b, and c are substance-specific constants. Suppose this equation is to be rewritten in the equivalent 

form:  

satln /
/

B
P kPa A

T K C
= -

+
  

Show how the parameters in the two equations are related. 

 
 
Solution 
 

We must convert both the units and the logarithm (between base 10 and natural logarithm). We know that t in 

degrees Celsius is equal to T in Kelvins minus 273.15. Also 1 kPa is equal to 7.50 torr (we might have to look up this 

conversion factor). So, we have 

/
/ torr 10 7.5• / kPa 7.5exp

/

b
a

t C csat sat B
P P A

T K C

æ ö÷ç ÷-ç ÷ç ÷÷ç ° +è ø
æ ö÷ç= = = - ÷ç ÷ç ÷+è ø

 

Next, we might recognize that 10 can be written as exp(ln(10)) or exp(2.303). That is how we convert from base 10 

log to natural log in general. So, 

exp 2.303 7.5exp
/ K 273.15 /

b B
a A

T c T K C

æ öæ ö æ ö÷ç ÷ ÷ç ç÷- = -÷ ÷ç ç ç÷÷ ÷ç ç ç÷ ÷÷ç - + +è ø è øè ø
 

Here, I have also substituted T − 273.15 for t. Taking the natural log of both sides gives 

 ( )2.303 ln 7.5
/ K 273.15 / K

b B
a A

T c T C

æ ö÷ç - = + -÷ç ÷ç ÷- + +è ø
 

For the two functions to be equal for all values of T, each part of the functions must be the same, so we must have 

 A = 2.303a −ln(7.5) or A = ln(10)*a − ln(7.5) 

 B = 2.303b or B = ln(10)*b 

 C = c − 273.15 
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Solution 1.3 

Problem Statement 

 

Table B.2 in Appendix B provides parameters for computing the vapor pressure of many substances by the Antoine 

equation (see Prob. 1.2). For one of these substances, prepare two plots of Psat versus T over the range of 

temperature for which the parameters are valid. One plot should present Psat on a linear scale and the other should 

present Psat on a log scale. 

 

Problem 1.2 

Liquid/vapor saturation pressure Psat is often represented as a function of temperature by the Antoine equation, 

which can be written in the form:  

sat

10
log / tor( r

/
)

b
P a

t C c
= -

° +
 

Here, parameters a, b, and c are substance-specific constants. Suppose this equation is to be rewritten in the equivalent 

form:  

satln /
/

B
P kPa A

T K C
= -

+
  

Show how the parameters in the two equations are related. 

 

Solution 

The point of this problem is just for you to practice evaluating and plotting a simple function. You will do many 

problems over the course of the semester (and many more over the course of your career) in which the results are 

best presented in graphical form. The only thing to be careful of in plotting the Antoine equation is to pay attention to 

the units of T and Psat and to whether the constants are given for use with the base 10 logarithm or the natural 

logarithm.  

Solution continued on next page…  
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The parameters in Table B.2 are for use with T in °C, P in kPa, and the natural logarithm. Note that plotting Psat vs. T 

means that we treat Psat as the dependent variable and plot it on the vertical axis and treat T as the independent 

variable and plot it on the horizontal axis. Note also that to put the vertical axis on a log scale, we do not actually 

compute the logarithm of Psat, but change the scaling of the axis, historically by using log-scale graphing paper, but 

now by changing an option in the plotting software. 

I used MS Excel to prepare the plots for diethyl ether. A portion of the spreadsheet (containing the plots) is shown 

below: 

 

 

 

  

A 13.9891 B 2463.93 C 223.24

T (deg C) Psat (kPa)

-30 3.450361508

-29 3.684455127

-28 3.931786307

-27 4.192943086

-26 4.468531566

-25 4.759176154

-24 5.065519787

-23 5.388224158

-22 5.727969934

-21 6.085456959

-20 6.461404464

-19 6.856551255

-18 7.271655907

-17 7.707496937

-16 8.16487298

-15 8.644602953

-14 9.147526209

-13 9.674502686

-12 10.22641305

-11 10.80415881

-10 11.40866246

-9 12.0408676

-8 12.70173902

-7 13.39226279

-6 14.11344639

-5 14.86631874

-4 15.65193033

-3 16.4713532

-2 17.3256811

-1 18.21602942

0 19.14353533

1 20.10935774
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Solution 1.4 

Problem Statement 

 

At what absolute temperature do the Celsius and Fahrenheit temperature scales give the same numerical value? What 

is the value? 

 

Solution 

 

One way to solve this problem is to write both the Celsius and Fahrenheit temperatures in terms of the absolute 

temperature in Kelvin, then set these equal to each other and solve for the temperature in Kelvin. The Celsius 

temperature is T (°C) = T (K) – 273.15. The Fahrenheit temperature is T (°F) = 1.8*T (K) – 459.67. If we plot these 

two lines, they look like: 

 

What we are asked to find is the point where these two lines cross. That is, where  

T (K) – 273.15 = 1.8*T (K) – 459.67 

Solving this for T (K) gives T (K) = (459.67 – 273.15) / 0.8 = 233.15 K. At this temperature (in K) the Fahrenheit 

temperature is 1.8 * 233.15 – 459.67 = −40 °F. Likewise, the Celsius temperature is 233.15 – 273.15 = −40 °C. 

Solution 1.5 

Problem Statement 
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The SI unit of luminous intensity is the candela (abbreviated cd), which is a primary unit. The derived SI unit of 

luminous flux is the lumen (abbreviated lm). These are based on the sensitivity of the human eye to light. Light 

sources are often evaluated based on their luminous efficacy, which is defined as the luminous flux divided by the 

power consumed and is measured in lm⋅W−1. In a physical or online store, find manufacturer’s specifications for 

representative incandescent, halogen, high-temperature-discharge, LED, and fluorescent lamps of similar luminous 

flux and compare their luminous efficacy. 

 

Solution 

 

I found the following on www.bulbs.com in 2016. I chose all lamps that could be screwed into a regular medium-

base socket 

Type Watts Used Lumens Produced Luminous Efficacy 

Incandescent 150 W 1735 lm 12 lm W−1 

Halogen  120 W 1850 lm 15 lm W−1 

High Pressure Sodium 35 W 2300 lm 66 lm W−1 

Compact Fluorescent 23 W 1650 lm 72 lm W−1 

LED 19 W 1680 lm 88 lm W−1 

 

Solution continued on next page…  

http://www.bulbs.com/
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In this light-output range, the high pressure sodium lamp, compact fluorescent, and LED are comparable. All three 

high-efficiency options are about a factor of 4 better than incandescent or halogen bulbs. Eventually, LED’s have the 

potential to be much more efficient than fluorescents, but what is on the market now is not there yet. They are 

improving rapidly – 2016 was the first year in which the LED lamp was the most efficient when I did this exercise. 

Previously, the high-pressure sodium lamp was most efficient. 

 
 

Solution 1.6 

Problem Statement 

 

Pressures up to 3000 bar are measured with a dead-weight gauge. The piston diameter is 4 mm. What is the 

approximate mass in kg of the weights required? 

 

Solution 

 

Pressure is force divided by area. So, the maximum force required (to be applied by the weights) is the maximum 

pressure to be measured times the area of the piston. The area of the piston is  

A = d2/4 = 4 mm2 = 12.57 mm2 = 1.257  10−5 m2 

The maximum pressure to be measured is 3000 bar = 3  108 Pa = 3  108 N m−2. Thus, the maximum force to be 

applied by the weights is F = 1.257  10−5 m2 * 3  108 N m−2 = 3770 N. If this force is to be applied by weights, and 

the acceleration of gravity is 9.8 m s−2, then we have 

 F = mg = 9.8 m s−2 * m = 3770 N = 3770 kg m s−2 

So, the mass of weights needed is approximately 3770/9.8 = 385 kg 

Solution 1.7 

Problem Statement 

 

Pressures up to 3000(atm) are measured with a dead-weight gauge. The piston diameter is 0.17(in). What is the 

approximate mass in (lbm) of the weights required? 

 

Solution 
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Pressure is force divided by area. So, the maximum force required (to be applied by the weights) is the maximum 

pressure to be measured times the area of the piston. The piston area is  

A = d2/4 = *0.172/4 in2 = 0.0227 in2 

The maximum pressure to be applied is 3000 atm = 3000 * 14.7 psi/atm = 44090 psi = 44090 lbf in−2. For the 

standard acceleration of gravity (g numerically equal to gc) one lbm imparts one lbf to the piston. Thus, the mass of 

weights required is 0.0227 in2 * 44090 lbf in−2 * (g/gc = 1 lbf/lbm)−1 = 1001 lbm. 

 

 

Solution 1.8 

Problem Statement 

 

The reading on a mercury manometer at 25°C (open to the atmosphere at one end) is 56.38 cm. The local 

acceleration of gravity is 9.832 m·s−2. Atmospheric pressure is 101.78 kPa. What is the absolute pressure in kPa 

being measured? The density of mercury at 25°C is 13.534 g·cm−3. 

 

Solution 

 

The total pressure is equal to atmospheric pressure plus the weight per area (gh) of the mercury column. This is, in 

SI units, p = 101780 Pa + 13534 kg/m3 * 9.832 m s−2 * 0.5638 m = 176800 Pa = 176.8 kPa. 

 

 

Solution 1.9 

Problem Statement 

 

The reading on a mercury manometer at 70(°F) (open to the atmosphere at one end) is 25.62(in). The local 

acceleration of gravity is 32.243(ft)·(s)−2. Atmospheric pressure is 29.86(in Hg). What is the absolute pressure in 

(psia) being measured? The density of mercury at 70(°F) is 13.543 g·cm−3. 
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Solution 

 

The total pressure is equal to atmospheric pressure plus the weight per area ((g/gc)h) of the mercury column. The 

only trick is to do this in the non-SI units given. Let us compute the pressure in psia (pounds-force per square inch, 

absolute). To do so, we should convert the density of mercury from g cm−3 to lbm in−3.  

Thus,  = 13.543 g cm−3 * (2.54 cm/in)3 / 453.59 g/lb = 0.4893 lbm in−3. We also need to convert atmospheric 

pressure from in Hg to psia by multiplying by 0.4912 psi/(in Hg).  

 So, p = 29.86 in Hg * 0.4912 lbf in−2 (in Hg)−1 + 0.4893 lbm in−3 * 32.243 ft s−2 / (32.1740 lbm ft lbf−1 s−2) * 25.62 in 

= 

 27.2 lbf in−2 = 27.2 psia. 

 

Solution 1.10 

Problem Statement 

 

An absolute pressure gauge is submerged 50 m (1979 inches) below the surface of the ocean and reads P = 6.064 

bar. This is P = 2434(inches of H2O), according to the unit conversions built into a particular calculator. Explain the 

apparent discrepancy between the pressure measurement and the actual depth of submersion. 

 

Solution 

 

The pressure unit “inches of water” is defined as the pressure exerted by one inch of water under standard 

gravitational conditions (density of water = 1 g/cm3, g = 9.8 m/s2). The pressure exerted on the gauge is given by  

 P = Patm + ρgh 

Here P is the absolute pressure at the position of the gauge, ρ is the density of the water, g is the acceleration of 

gravity (~9.8 m/s2), and h is the depth of the water (50 m). We can take Patm = 1.013 bar = 1.013×105 Pa. The 

pressure difference caused by the mass of the column of water above the pressure gauge (excluding atmospheric 

pressure) is then P – Patm = 6.064 – 1.013 = 5.051 bar = 5.051×105 Pa. Converting that value to inches of water using 

my calculator gives 2028 inches of water. This is much closer to the actual depth, but still about 2.5% higher. This 

remaining discrepancy can be attributed to the density of seawater. If we take h = 50 m and g = 9.8 m/s2, then we 

can use our pressure measurement to estimate the density of the seawater: ρ = (P – Patm)/(gh) = 5.051×105 
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