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PREFACE 
 
The Fundamentals of Engineering (FE) Supplied-Reference Handbook is the only reference material allowed in 
the FE examination. Many examinees find that it is helpful to review this book before exam day to become 
familiar with the reference material it contains. If you have purchased or downloaded the Reference Handbook 
before the examination, you will not be allowed to take it with you into the exam room. Instead, the 
examination proctor will issue a new copy to each examinee shortly before testing begins. During the exam, you 
are allowed to write only on your answer sheet and in your exam book; you may not write in the Reference 
Handbook since it is often retained by universities and used for study purposes. 
 
The Reference Handbook contains only reference formulas and tables; it does not contain sample examination 
questions. Many commercially available books contain worked examples and sample questions to help you 
prepare for the examination. NCEES provides sample questions and solutions in various formats to help you 
become familiar with the types of exam questions and the level of difficulty of the examination.  
 
The Reference Handbook is not designed to assist in all parts of the FE examination. For example, some of the 
basic theories, conversion, formulas, and definitions that examinees are expected to know are not included. 
Special material required for the solution of a particular examination question will be included in the question 
statement itself. 
 
In no event will NCEES be liable for not providing reference material to support all the questions in the FE 
examination. In the interest of constant improvement, NCEES reserves the right to revise and update the FE 
Supplied-Reference Handbook as it deems appropriate without informing interested parties. Each NCEES FE 
examination will be administered using the latest version of the FE Supplied-Reference Handbook.  
 
To report suspected errata for this book, please e-mail your correction using our online feedback form. Errata 
will be posted on our Web site. Examinees are not penalized for any errors in the Reference Handbook that 
affect an examination question.  
 
 
 
 
 
 
 

UPDATES TO EXAMINATION INFORMATION 
For current exam specifications, study materials and errata, a list of 
calculators that may be used at the exam, guidelines for requesting special 
testing accommodations, and other information about exams and licensure, 
visit the NCEES Web site at www.ncees.org or call us at 800-250-3196. 
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UNITS 
This handbook uses the metric system of units. Ultimately, the FE examination will be entirely metric. However, currently some 
of the problems use both metric and U.S. Customary System (USCS). In the USCS system of units, both force and mass are 
called pounds. Therefore, one must distinguish the pound-force (lbf) from the pound-mass (lbm). 
The pound-force is that force which accelerates one pound-mass at 32.174 ft/s2. Thus, 1 lbf = 32.174 lbm-ft/s2. The expression 
32.174 lbm-ft/(lbf-s2) is designated as gc and is used to resolve expressions involving both mass and force expressed as pounds. 
For instance, in writing Newton's second law, the equation would be written as F = ma/gc, where F is in lbf, m in lbm, and a is 
in ft/s2. 
Similar expressions exist for other quantities. Kinetic Energy: KE = mv2/2gc, with KE in (ft-lbf); Potential Energy: PE = mgh/gc, 
with PE in (ft-lbf); Fluid Pressure: p = ρgh/gc, with p in (lbf/ft2); Specific Weight: SW = ρg/gc, in (lbf/ft3); Shear Stress: τ = 
(µ/gc)(dv/dy), with shear stress in (lbf/ft2). In all these examples, gc should be regarded as a unit conversion factor. It is 
frequently not written explicitly in engineering equations. However, its use is required to produce a consistent set of units. 
Note that the conversion factor gc [lbm-ft/(lbf-s2)] should not be confused with the local acceleration of gravity g, which has 
different units (m/s2 or ft/s2)and may be either its standard value (9.807 m/s2 or 32.174 ft/s2) or some other local value. 
If the problem is presented in USCS units, it may be necessary to use the constant gc in the equation to have a consistent set of 
units. 
 

METRIC PREFIXES 
Multiple Prefix Symbol COMMONLY USED EQUIVALENTS 

1 gallon of water weighs 8.34 lbf 
1 cubic foot of water weighs  62.4 lbf 
1 cubic inch of mercury weighs  0.491 lbf 
The mass of one cubic meter of water is 1,000 kilograms 
 

TEMPERATURE CONVERSIONS 

10–18 
10–15 
10–12 
10–9 
10–6 
10–3 
10–2 
10–1 
101 
102 
103 
106 
109 
1012 
1015 
1018 

atto 
femto 
pico 
nano 

micro 
milli 
centi 
deci 
deka 
hecto 
kilo 

mega 
giga 
tera 
peta 
exa 

a 
f 
p 
n 
µ 
m 
c 
d 
da 
h 
k 
M 
G 
T 
P 
E 

ºF = 1.8 (ºC) + 32 
ºC = (ºF – 32)/1.8 
ºR = ºF + 459.69 
K = ºC + 273.15 

FUNDAMENTAL CONSTANTS 
Quantity  Symbol Value Units 
electron charge  e 1.6022 × 10−19 C (coulombs) 
Faraday constant   96,485 coulombs/(mol) 
gas constant  metric R  8,314 J/(kmol·K) 
gas constant  metric R  8.314 kPa·m3/(kmol·K) 
gas constant  USCS R  1,545 ft-lbf/(lb mole-ºR) 
  R  0.08206 L-atm/mole-K 
gravitation - newtonian constant  G 6.673 × 10–11 m3/(kg·s2) 
gravitation - newtonian constant  G 6.673 × 10–11 N·m2/kg2 
gravity acceleration (standard)  metric g 9.807 m/s2 
gravity acceleration (standard)  USCS g 32.174 ft/s2 
molar volume (ideal gas), T = 273.15K, p = 101.3 kPa Vm 22,414 L/kmol 
speed of light in vacuum  c 299,792,000 m/s 
Stephan-Boltzmann constant  σ 5.67 × 10–8 W/(m2·K4)
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CONVERSION FACTORS 
Multiply By To Obtain Multiply By To Obtain 

acre 43,560 square feet (ft2) joule (J) 9.478×10–4 Btu 
ampere-hr (A-hr) 3,600 coulomb (C) J 0.7376 ft-lbf 
ångström (Å) 1×10–10 meter (m) J 1 newton·m (N·m) 
atmosphere (atm) 76.0 cm, mercury (Hg) J/s 1 watt (W) 
atm, std 29.92 in, mercury (Hg)    
atm, std 14.70 lbf/in2 abs (psia) kilogram (kg) 2.205 pound (lbm) 
atm, std 33.90 ft, water kgf 9.8066 newton (N) 
atm, std 1.013×105 pascal (Pa) kilometer (km) 3,281 feet (ft) 
   km/hr 0.621 mph 
bar 1×105 Pa kilopascal (kPa) 0.145 lbf/in2 (psi) 
barrels–oil 42 gallons–oil kilowatt (kW) 1.341 horsepower (hp) 
Btu 1,055 joule (J) kW 3,413 Btu/hr 
Btu 2.928×10–4 kilowatt-hr (kWh) kW 737.6 (ft-lbf )/sec 
Btu 778 ft-lbf kW-hour (kWh) 3,413 Btu 
Btu/hr 3.930×10–4 horsepower (hp) kWh 1.341 hp-hr 
Btu/hr 0.293 watt (W) kWh 3.6×106 joule (J) 
Btu/hr 0.216 ft-lbf/sec kip (K) 1,000 lbf 
   K 4,448 newton (N) 
calorie (g-cal) 3.968×10–3 Btu    
cal 1.560×10–6 hp-hr liter (L) 61.02 in3 
cal 4.186 joule (J) L 0.264 gal (US Liq) 
cal/sec 4.186 watt (W) L 10–3 m3 

centimeter (cm) 3.281×10–2 foot (ft) L/second (L/s) 2.119 ft3/min (cfm) 
cm 0.394 inch (in) L/s 15.85 gal (US)/min (gpm) 
centipoise (cP) 0.001 pascal·sec (Pa·s)    
centistokes (cSt) 1×10–6 m2/sec (m2/s) meter (m) 3.281 feet (ft) 
cubic feet/second (cfs) 0.646317 million gallons/day (mgd) m 1.094 yard 
cubic foot (ft3) 7.481 gallon metric ton 1,000 kilogram (kg) 
cubic meters (m3) 1,000 Liters m/second (m/s) 196.8 feet/min (ft/min) 
electronvolt (eV) 1.602×10–19 joule (J) mile (statute) 5,280 feet (ft) 
   mile (statute) 1.609 kilometer (km) 
foot (ft) 30.48 cm mile/hour (mph) 88.0 ft/min (fpm) 
ft 0.3048 meter (m) mph 1.609 km/h 
ft-pound (ft-lbf) 1.285×10–3 Btu mm of Hg 1.316×10–3 atm 
ft-lbf 3.766×10–7 kilowatt-hr (kWh) mm of H2O 9.678×10–5 atm 
ft-lbf 0.324 calorie (g-cal)    
ft-lbf 1.356 joule (J) newton (N) 0.225 lbf 
ft-lbf/sec 1.818×10–3 horsepower (hp) N·m 0.7376 ft-lbf 
   N·m 1 joule (J) 
gallon (US Liq) 3.785 liter (L)    
gallon (US Liq) 0.134 ft3 pascal (Pa) 9.869×10–6 atmosphere (atm) 
gallons of water 8.3453 pounds of water Pa 1 newton/m2 (N/m2) 
gamma (γ, Γ) 1×10–9 tesla (T) Pa·sec (Pa·s) 10 poise (P) 
gauss 1×10–4 T pound (lbm,avdp) 0.454 kilogram (kg) 
gram (g) 2.205×10–3 pound (lbm) lbf 4.448 N 
   lbf-ft 1.356 N·m 
hectare 1×104 square meters (m2) lbf/in2 (psi) 0.068 atm 
hectare 2.47104 acres psi 2.307 ft of H2O 
horsepower (hp) 42.4 Btu/min psi 2.036 in of Hg 
hp 745.7 watt (W) psi 6,895 Pa 
hp 33,000 (ft-lbf)/min    
hp 550 (ft-lbf)/sec radian 180/π degree 
hp-hr 2,544 Btu    
hp-hr 1.98×106 ft-lbf stokes 1×10–4 m2/s 
hp-hr 2.68×106 joule (J)    
hp-hr 0.746 kWh therm 1×105 Btu 
      
inch (in) 2.540 centimeter (cm) watt (W) 3.413 Btu/hr 
in of Hg 0.0334 atm W 1.341×10–3 horsepower (hp) 
in of Hg 13.60 in of H2O W 1 joule/sec (J/s) 
in of H2O 0.0361 lbf/in2 (psi) weber/m2 (Wb/m2) 10,000 gauss 
in of H2O 0.002458 atm    





















HEAT TRANSFER (continued) 
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Shape Factor Relations 
Reciprocity relations: 

AiFij = AjFji 
Summation rule: 

∑ =
=

N

j
ijF

1
1  

Reradiating Surface 
Reradiating surfaces are considered to be insulated, or 
adiabatic ).Q( R 0=�   

 
 
 
 
 
 
 
 

( )

22

2
1

2211
121

11

1

4
2

4
1

12

111

11

AFAFA
FA

A

TTQ

RR ε
ε−

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

+
ε

ε−
−σ

=

−

�  

 
 
 
 
 



 

73 

TRANSPORT PHENOMENA 
MOMENTUM, HEAT, AND MASS TRANSFER 
ANALOGY 
For the equations which apply to turbulent flow in circular 
tubes, the following definitions apply: 

⎥⎦
⎤

⎢⎣
⎡=

k
hDNumberNusseltNu  

Pr = Prandtl Number (cPµ/k), 
Re = Reynolds Number (DVρ/µ), 
Sc = Schmidt Number [µ/(ρDm)], 
Sh = Sherwood Number (kmD/Dm), 
St = Stanton Number [h/(cpG)], 
cm = concentration (mol/m3), 
cP = heat capacity of fluid [J/(kg⋅K)], 
D = tube inside diameter (m), 
Dm = diffusion coefficient (m2/s), 
(dcm/dy)w = concentration gradient at the wall (mol/m4), 
(dT/dy)w = temperature gradient at the wall (K/m), 
(dv/dy)w = velocity gradient at the wall (s–1), 
f = Moody friction factor, 
G = mass velocity [kg/(m2⋅s)], 
h = heat-transfer coefficient at the wall [W/(m2⋅K)], 
k = thermal conductivity of fluid [W/(m⋅K)], 
km = mass-transfer coefficient (m/s), 
L = length over which pressure drop occurs (m), 
(N/A)w = inward mass-transfer flux at the wall 

[mol/(m2⋅s)], 

( )wAQ�  = inward heat-transfer flux at the wall (W/m2), 

y = distance measured from inner wall toward centerline 
(m), 

∆cm = concentration difference between wall and bulk fluid 
(mol/m3), 

∆T = temperature difference between wall and bulk fluid 
(K), 

µ = absolute dynamic viscosity (N⋅s/m2), and 
τw = shear stress (momentum flux) at the tube wall 

(N/m2). 
Definitions already introduced also apply. 

Rate of transfer as a function of gradients at the wall 
Momentum Transfer: 

fw
w L

pDVf
dy
dv

⎟
⎠
⎞

⎜
⎝
⎛ ∆

−⎟
⎠
⎞

⎜
⎝
⎛=

ρ
−=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
µ−=τ
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Heat Transfer: 

ww
dy
dTk

A
Q
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Mass Transfer in Dilute Solutions: 

w

m
m

w dy
dc

D
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Rate of transfer in terms of coefficients 
Momentum Transfer: 

8

2Vf
w

ρ
=τ  

Heat Transfer: 

Th
A
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Mass Transfer: 
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Use of friction factor (f ) to predict heat-transfer and mass-
transfer coefficients (turbulent flow) 
Heat Transfer: 

8
Pr

PrRe
Nu 32 fjH =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=  

Mass Transfer: 

8
Sc

ScRe
Sh 32 fjM =⎟⎟
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BIOLOGY 
 
For more information on Biology see the ENVIRONMENTAL 
ENGINEERING section. 

CELLULAR BIOLOGY 
♦

SEX PILUS

FLAGELLA

COMMON PILUS

CHROMOSOME

INNER OR CYTOPLASMIC

MEMBRANE

CYTOPLASMIC

PEPTIDOGLYCAN

RIBOSOMES

OUTER

MEMBRANE

PERIPLASMIC

SPACE

3µm

1µm

 
 
 

MITOCHONDRIA
STARCH GRANULES

CELL WALL

CHLOROPLAST

TONOPLAST

CENTRAL

VACUOLE

PLASMA

MEMBRANE

NUCLEUS

ENDOPLASMIC

RETICULUM

GOLGI

COMPLEX

ROUGH

ENDOPLASMIC

RETICULUM

PLANTANIMAL

LYSOSOME

10µm 20µm

 
 
 

• Primary subdivisions of biological organisms 

Group

Eucaryotes

Eubacteria

Archaebacteria

Eucaryotic

Procaryotic Cell chemistry similar to 

    eucaryotes

Procaryotic Distinctive cell chemistry

Multicellular; extensive

    differentiation of cells

    and tissues

Unicellular, coenocytic or

    mycelial; little or no  

 tissue differentiation

Methanogens, halophiles,

     thermoacidophiles

Plants (seed plants, ferns,

    mosses)

Animals (vertebrates,

    invertebrates)

Protists (algae, fungi,

     protozoa)

Cell

structure Properties Constituent groups

Most bacteria

 
 
 

 
 

 
 Organismal Growth in Batch Culture 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Exponential (log) growth with constant specific growth  
rate, µ 

 
1⎛ ⎞ ⎛ ⎞µ = ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

dx
x dt

 

where,  
x = the cell/organism number or cell/organism 

concentration 
t = time (hr) 
µ = the specific growth rate (time–1) while in the 

exponential growth phase. 

Logistic Growth–Batch Growth including initial into 
stationary phase  

 1dx xkx
dt x∞

⎛ ⎞
= −⎜ ⎟

⎝ ⎠
 

 
( )
e

1 1 e

kt
o

kto

xx x
x∞

=
− −

 

where,  
k = logistic growth constant (h–1), 
xo = initial concentration (g/l) 

x∞ = carrying capacity (g/l). 
 
♦ Shuler, Michael L., & Fikret Kargi, Bioprocess Engineering Basic Concepts, Prentice Hall PTR, New 

Jersey, 1992.

• Stanier, Roger; Adelberg, Edward A; Wheelis, Mark L; Decastells; Painter, Page R; Ingraham, John 
L; The Microbial World, 5th ed., 1986. Reprinted by permission of Pearson Education, Inc., Upper 
Saddle River, NJ. 

 Davis, M.L., Principles of Environmental Engineering, McGraw-Hill, New York, 2004. Used with 
permission.




