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[ Engineering Mechanics: Statics & Dynamics }
Chapter 1: INTRODUCTION
1. Position of Course (vi tri mon hoc)

2. Content (what’s engineering mechanics? Rigid-
body mechanics?), (next slide) (n0i dung mon hoc)

3. Materials: tai liéu (chinh & tham khao)

- Core (Lecture, Examples, & Exercises)

- Reference (link: + R.C. Hibbeler + Video Clips)

4. Learning method (self-study): cach hoc (tw hoc)
5. Marking: diém sé

+ Presence (in class): 1pt + Exercises: 1.5 pts

+ Mid-term test: 1.5pts + Final test: 6.0 pts




[ Engineering mechanics: Statics & Dynamics }
Chapter 1: INTRODUCTION_Content of Course

Mechanics is a branch of the physical sciences that is concerned with the
state of rest or motion of bodies that are subjected to the action of forces.
In general, this subject can be subdivided into three branches: rigid-body
mechanics, deformable-body mechanics, and fluid mechanics. In this book
we will study rigid-body mechanics since it is a basic requirement for the
study of the mechanics of deformable bodies and the mechanics of fluids.
Furthermore, rigid-body mechanics is essential for the design and analysis
of many types of structural members, mechanical components, or electrical
devices encountered in engineering.

Rigid-body mechanics is divided into two areas: statics and dynamics.
Statics deals with the equilibrium of bodies, that is, those that are either
at rest or move with a constant velocity: whereas dynamics is concerned
with the accelerated motion of bodies. We can consider statics as a
special case of dynamics, in which the acceleration is zero; however,
statics deserves separate treatment in engineering education since many
objects are designed with the intention that they remain in equilibrium.



Bai tap I: dich sang tiéng Viét “ndi dung moén”
hoc (trang trudc)

Key words:

+ Rigid-body mechanics: co hoc vat ran (CHVR)
tuyét doi; Deformable-body mechanics: CHVR bién
dang (sé dugc hoc trong mon hoc Strc bén vat liéu —
Strength of Materials);

Fluid mechanics: co lwu chat (1 mén sé duoc hoc)

+ Statics: Tinh hoc; Dynamics: Dong lwc hoc

+ Equilibrium: (sw) can bang; Accelerated motion:
chuyén dong cd gia toc (acceleration: gia toc;
velocity: van toc; position: vi tri)



Chapter 1: Introduction_ SI base units _ Review

Fhysical guantity

Standard unit

Defmition

Length

Mass

Time

Temperature

Current

Luminous intensity

Matter

metre

kilogram

sacond

kelvin

ampsre

candela

mole

The length of path travelled by Light in an interval of
1/299 792 458 seconds

The mass of a platinum—iridivm cylinder kept in the
International Bureau of Weights and Measures.,
Séevres, Paris

9192631770 = 107 cvcles of radiation from

vaporized caesium-133 {an accuracy of 1 in 1042 o
I second in 36 Q00 years)

The temperature difference between absolute zero
and the triple point of water is defined as 273.16
kelvin

One ampere is the current lowing through two
infinitely long parallel conductors of negligible
cross-section placed | metre apart in a vacuum and
producing a force of 2 = 107" newtons per metre
length of conductor

One candela is the luminous intensity in a given
direction from a source emitting monochromatic
radiation at a frequency of 540 terahertz (Hz » 1012)
and with a radiant density in that direction of 14641
mW/steradian. {1 steradian is the solid angle which,
having its vertex at the centre of a sphere. cuts off an
area of the sphere surface equal to that of a square
with sides of length equal to the sphere radius)

The number of atoms in a 0.012kg mass of
carbon-12




Chapter 1: Introduction_SI base units

International System of Units (SlI):
07 don vi co ban (Basic Units) trong hé don
vi (do lwong) quoc te

1T Tén don vi co ban Symb_o [for S_ymbol_ for SI base unit
quantity dimension
1 | Chiéu dai | L meter
2 | Thoi gian t T second
3 | Khoi luong m M kilogram
4 | Cuong do dong dien | I ampere
5 | Nhiét do nhiét dong T ® kelvin
6 | Luong vat chat N N mole
[ | Cudng do sang hay Quang do l, J candela




Notes

+ Trong Co hoc, thuong gap 3 don vi co ban Ia
meter (do chieu dai), second (do thoi gian), va
kilogram (do khoi lvong)

+ Ngoai 07 don vij co ban, tat ca cac don vj con
lai dwoc goi la dorn vi dan xuat (Derived Units)

Vi du: don vi cta luc (kg.m/s?), dé tién viéc trinh
bay & tri an Newton, dung N thay cho kg.m/s?.
bon vi do nang luvong (kg.m?/s?), dung Joule (J)
thay cho cum cac don vi co ban nay; ...........

+ Trong ky thuat ciing thwong gap don vi FPS
(Foot Pound Second); table 1-2 dung dé chuyén
doi gitra 2 hé don vi (S| & FPS)



Unit of Measurement: Sl vs. FPS

TABLE 1-1 Systems of Units

Name Length Time Mass Force
International meter second kilogram
System of Units N
SI m S kg kg m
( s” )
U.S. Customary foot second slug* pound
FPS b - SZ
ft S ft b
*Derived unit.

Conversion of Units. Table 1-2 provides a set of direct conversion
factors between FPS and SI units for the basic quantities. Also, in the
FPS system, recall that 1 ft = 12 in. (inches), 5280 ft = 1 mi (mile),
1000 Ib = 1 kip (kilo-pound), and 2000 1b =1 ton.

TABLE 1-2 Conversion Factors

Unit of Unit of
Quantity Measurement (FPS) Equals Measurement (SI)
Force Ib 4448 N
Mass slug 14.59 kg

Length ft 0304 8 m




Prefixes in Sl (ti€p dau nglt trong SI): dé
tién cho viéc trinh bay, cho phép dung tiép
dau ngtt (table 1-3)

vi dU: 5000000 W, cé thé viét 1a 5 MW (mega Watt)
0,000000012 m, c6 thé viét [a 12 nm (nano meter)

TABLE 1-3 Prefixes

Exponential Form Prefix S| Symbol

Multiple

1 000 000 00D 10° giga G

1 000 000 106 mega M

1 000 109 kilo k
Submultiple

0.001 103 milli m
0.000 001 10°° micro I
0.000 000 001 10-° nano n

* The kilogram is the only base unit that is defined with a prefix.



Cong viéc phai thuc hién

1) Poc ky Example 1.1 & 1.2, trang 1, trong
file “EXAMPLE.pdf” d€ nam virng cach
chuyén déi don vi

2) Hoan thanh bai tap “Problem 1” trang

17, trong file
“EngineeringMechanics_Problems.pdf”

Chu y: giai tat ca cac bai tap da cho & nép
lai cho giang vién vao budi hoc (tai [&p) dau
tién & diém danh gia duoc tinh vao diém
qgua trinh




Chapter 1: Introduction_Vectors _ Review

- A scalar: (dai lwvong vO hwong) Is a
positive or negative number; vi du: nhiét
dd; co nang (cong, ddng nang, thé nang)..

- A vector: has a magnitude and direction,
where the arrowhead represents the
sense of the vector; vi du: lwc (force); van
toc  (velocity); déng lwong (linear
momentum)

- Multiplication or division of a vector by a
scalar (nhan hay chia 1 vector voi 1 dai
lwong v hwédng). Két qua????



Chapter 1: Introduction_Vectors

- Parallelogram Law (qui tac hinh binh
hanh):
+ (Component) two forces & (resultant)
force (hai lwc thanh phan & hop lwc)
Hop Iwc la dwdng chéo cua hinh binh hanh
(hbh) — céach vé dé tim 2 lwc thanh phan?
+ To find the components of a force along
any two axes (truc): — tt diém gbc (from
tail of vector) cua hop Iwc, vé hai duwdng
song song v&i 2 truc, 2 lwc thanh phan 1a 2
canh cua hbh c6 duwdng chéo la hop lwc



Chapter 1: Introduction_Vectors_Retangular component
M6 ta vector F & cdc vector thanh phdn trong 2D & 3D




Chapter 1: Introduction _Vectors_Review

Chu y: trong phan trinh bay )
sau day, chir viét dam (bold) <~
thé hién cho dai lwong vector

Unit vector (u): vector don vij
Defined: u=F/ F

= (Fi+Fj+Fk)/F
u=(F/F)i+ (F/F)j+ (F/F)k
Chua y:
1) F,=FiF,=Fj &F,=Fklacic
vector thanh phan cuta (vector) F
2) Cac gid tri daiso F, F, &F,
dwoc goi la hinh chiéu cla F theo
truc Ox, Oy, & Oz

Coordinate direction
angles : gbc chi phuong
(o, B, & y)

cosa =F /F; cos B = Fy/F; &
cosy = F,/F




Chapter 1: Introduction_Vectors_ Review
* Tong, hiéu2 vector: A=Aji+Aj+Ak;B=Bi+Bj+Bk;taco
thé xac dinh A + B bang 2 cach:
+ DUng qui tac hbh + Dua vao cac thanh phan vector:
A+B=(A £B)i+(A *B)j+ (A, B,k

 The resultant of a concurrent force system: hop

lwe cta hé lyec déng quy (cac lwe déu di qua 1 diém)

Goi Fg 1a hop lyc cla 1 hé lyc dong quy gom n lwc F, F,, ..., F;

dung qui tac hbh hay dua vao thanh phan vector, ta cé:
Fr=(2F)i+ (2F )j + (2F )k

Trong do, (2F,), (2F,), & (3F,) la tdng hinh chiéu cla cac thanh

phan lyc theo phuong Ox, Oy, & Oz.

Chu y: phuong trinh (vector) nay duoc st dung thudng xuyén dé

gidi quyét cac bai toan tinh hoc. Gia st hop lyc F; = 0, thi cac

thanh phan cla né sé& bang khdng, ta cd 3 phuwong trinh dai s6

tvong ing (2F,) = 0; (2F,) = 0; & (2F,) = 0, dé tim céc &n lyc




Chapter 1: Introduction Vectors Review

A position vector locates one point in space relative
another. The easiest way to formulate the
components of a position vector is to determine the
distance and direction that one must travel along
the x, y, and z direction — going from tail to head of
the vector (vector vi tri dinh vi 1 diém trong khéng
gian twong ddi so vdi 1 diém khdac. Cach dé dang
nhat dé dinh rd cac thanh phan cda vector vi tri |13
xac dinh phwong, chiéu ma cac vector thanh phan
phai di chuyén doc theo cdc phuong x, y, va z — di tu
dudi dén dau clua vector >

If A(X,, YA, 24), B(Xg, Vg, Zg), the position vector:
r=AB = (Xg-X,)i + (Yg-Ya)i + (zg-z4)k



Chapter 1: Introduction _Vectors

Example 2.11:

Two forces act on the
hook shown in Figure.

Specify the magnitude

of F, and its coordinate
angles that the
Resultant force Fy acts

along the positive y axis

and has a magnitude
of 800 N




Chapter 1: Introduction _Vectors

8

Example 2.12: position vector (r)

=

ra

~ | 16Kk}




Chapter 1: Introduction_Vectors _Review

Dot Product Cross Product
A.B “ |A||B|cos 84 A B
A B=B.A

A.B=AB,+AB, +A,B, \

A xB = |A]|B|sin0k
k
A,
B

i
A X B = det |A, A,
B, B

X

Z




Chapter 1. II')UOCIUCUOH_VEC'EOFS _REVIEW

+ Dot Product (tich vo hudng):

Tw dinh nghia tich vo huwdng - i.i =1; j.j =1; k.k =1, i.j =0; j.k =0;
& k.i =0. Cac ban cé thé dung két qua trén dé chirng minh cong
thirc sau (néu khéng nhé'rd): AB=AB,+AB +ApB,

Tich vd hudng la 1 cong cu tot dé xac dinh gdéc hop bdi 2 vector.
Vi du: chirng minh cosa = F /F; trong dé a la 1 géc chi phuwong
cua vector F. Theo dinh nghfa: F.i = F.i. cosa; chay: i, =1, =0, &
i,=0; va do I&ni=1; bén canh do, F.i = Fx.1 + Fy.0 + Fz.0 = Fx. Tw
dd cd cong thirc can CM.

+ Cross Product (tich hiru hudng)

iXj=k iXxk=—- ixi=»0
i =i jXi=-k jXj=0
i kXj=—-i kxk=0

—
/ \ These results should not be memorized: rather, it should be clearly
/ o T \ understood how each is obtained by using the right-hand rule and the
l' ' definition of the cross product. A simple scheme shown in Fig. 4-9 is
y i k" helpful for obtaining the same results when the need arises. If the circle is
- constructed as shown. then “crossing” two unit vectors in a
\__-_ __/ counterclockwise fashion around the circle yields the positive third unit
vector: e.g.. kK X i = j. "Crossing” clockwise, a negative unit vector is
Fig. 4-9 obtained; e.g..i X k = —j.



Chapter 1: Introduction Vectors Review

Let us now consider the cross product of two general vectors A and B
which are expressed in Cartesian vector form. We have

AXB=(A,i+ A)j+ AK) X (B,i+ B,j+ Bk)
= A B.(i X i)+ ABy(i X j) + AB(i X k)
+ AB.(j Xi) + ABy(j X j) + A,B.(j X k)
+ AB,(k xX1i) + AB/(k X j) + AB,(k X k)

Carrying out the cross-product operations and combining terms yields
AXB=(A,B;— A;B))i — (AB; — A;B,)j + (A.By — A;B,)k (44)

This equation may also be written in a more compact determinant
form as

i j Kk
AXB=|A, A, A4, (4-5)
B, B, B.

Thus, to find the cross product of any two Cartesian vectors A and B, it is

necessary to expand a determinant whose first row of elements consists
of the unit vectors i, j. and k and whose second and third rows represent
the x, v, z components of the two vectors A and B, respectively.®



Cong viéc phai thuwc hién

1) Hiéu rd 2 vi du: Example 2.11 & 2.12, trang 3
& 4, trong file “EXAMPLE.pdf”

2) Giai cac bai tap: bai 1, 2, 3, 4, 5 (trang 2); va
problem 2 (trang 11) trong file
“EngineeringMechanics_Problems.pdf”

Poi diéu can noi:

+ Tat ca ndi dung d3 trinh bay déu la kién thirc

cd, toi chi 6n lai cac kién thirc sé dung trong co

hoc. Cac bai tdp khdong kho, phai gidi quyét xong

trudc 22/03. Toi sé goi ndi dung madi vao 23/03.



Doi diéu can noi:
+ M6n hoc nay, bén canh viéc trang bi kién thirc
co hoc (thiét yéu) cho 1 k{ su co khi; Nha
Trueong & Khoa yéu cau trang bi thém vé thuat
nglt ti€éng Anh; vi thé cac em phai c6 gang hoc
thudc nghia cua cac thuat nglt ma t6i da dua ra
(rat it!).
+ T6i dang tim cach dé tién trao do6i vdi cac em.
Tuy nhién, tam thoi, can hoi diéu gi thi lién lac
gua email: tienvuong.uaf@gmail.com

Néu van dé can giai thich nhiéu, t6i sé ghi nhan
& tra loi khi hoc tai 16p.
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