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Thoéng tin can thiét vé mon hoec:

1. Phan bé diém mén hoc

e Panh gia vé chuyén can - tich cyc trong hoc tap (1,09
M6n hoc gdm 15 budi hoc x 3 tiét/budi = 45 tiét (3 TC)

- Ving 1 budi, van dugce 1,0d.

- Ving 2 budi, 0,5d.

- Ving 3 budi, 0.0d

- Ving 4 budi, cam thi.

e Diém bai tap (bat buoc) (1,5%

- Phan Tinh hoc (0,59

- Phan Bong hoc (0,59

- Phan Bong luc hoc (0,59
e Diém kiém tra tai l6p phan Tinh hoc (1,59
Piém thi két thdc mon hoc (6,09

2. Ndi dung thi két thiic mon
e Mot bai todn vé Bong hoc (2,09
e Hai bai toan vé bong luc hoc (2,0 + 2,0 =4,09

3. Tat ca nhiing vi du sé dwec cho ghi chép & giang giai tai l6p. Sinh vién NEN dén

l6p thuong xuyén méi ¢6 hy vong nam duoc bai & giai dugc bai tap.

4. Sinh vién phai giai tit ca nhitng bai tap trong phin sau diy & nop lai cho giang

vién vao budi hoc cudi cung.



BAI TAP PHAN 1: ON TAP VEC TO & TINH HQC
Bai 1: Trong hé Oxyz, cho véc to ¥ = 31 — 27 (don vi dai). Hay V& véc to T theo hai cach:
a) Dwa vao céc thanh phan cua ©
b) Dua vao do lon va cac géc chi phuong cua r
Bai 2: Trong hé Oxyz, mot chat diém tai O chiu tac dung cua 3 luc:
F, =21+ 3} F, = —10]; F5 = 31 +]— 5k (N).
Hay x4c dinh véc to tong cua cac luc tac dung I&n chat diém do.
Bai 3: Hai luc F,va F, tac dung 1én mot vat rén. Biét cac véc to tdng cua ching 1a F = 21. Néu
F, = 107 — 107,
a) Hay xéc dinh véc to F,.
b) Hay v& véc to F,, F,va F trong hé Oxy.
Bai 4: Trong hé Oxyz, chat diém P c6 toa d¢ (3, 2, 1) (m). Hay xac dinh véc to vi tri 7, theo 2
cach (twong tu bai 1) va vé chung trong hé toa d6 Oxyz.
Bai 5: Hai véc to 3 va b trong hé Oxy duoc xac dinh bsi: 3 = 21— 7; b = 41+ 2]. Goi 0 1a goc
gitra 2 véc to.
a) Hay xac dinh goc 0, biéu thi 3 va b trong hé Oxy.
b) Hay xéac dinh véc to ¢ =3 X b theo 2 cach:
- Duva vao dinh nghia tich hiru hudng.
- Duya vao thanh phan caa véc to ¢
Bai 6: Luc F = T+ 20§ (N) tac dung Ién mot thanh treo (nhu hinh v&).

Hiy xac dinh véc to md men cua luc F ddi véi tam O. Biét OA=¢=1m

-

3m




Bai 7: Khdi hinh chit nhat c6 kich thuéc 4m x 3m x 5m chiu tac dung cia luc F; ndm doc theo
OA c6 d6 16n 5 (N), F, nim doc theo OB ¢6 do 16n 7 (N), hinh 7.

a) Hay xéc dinh F,, F, theo cac thanh phan cua né.

b) Hay xac dinh goc AOB giita 2 véc to.

¢) Xac dinh md men cua lyc F, déi voi diém D.

d) Xac dinh md men cua lyc F, di véi truc DC.

Bai 8:
F=50N 10N Hé luc (Fy; F,; F3) tdc dung 1én mét khung,
\ I_ c6 phuong, chiéu va do lén dugc thé hién
—_— . trong hinh 8.
A _,J"lﬁﬂ':' .E' g

Néu chon D 1am tam thu gon. Hay xac dinh:

Véc to chinh R va md men chinh Mp
F,=30N

Hinh 8

Bai 9: Cho hé luc khong gian (Fy; F,; F) tac dung 1én mot cu trac co khi, hinh 9.

7 |
Il_—t r F{Ié !
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h
! G
L Hinh 9

Biét: F, c6 d¢ 16n 12 100N, hgp véi phuong thing ding 1 goc o = 30°
_132 ¢6 d6 16n 13 50N ndm trong mp ngang, hop véi phuong ngang 1 goc 6 = 60°
F; 6 do 16n 12 30N doc theo phuong CD, £ =1mvah=0,5m.

Néu thu gon hé luc v& D. Hay xéac dinh véc to chinh R va md men chinh My



Bai 10: Hay v& so do chiu luc (FBD) ciia mdi vat rin trong co hé va todn bd co hé twong tng véi
cac hinh 10a, b, c, d.

a) b)
——b— -
/¢ - A
>
nw B : F
| a | d)
c)
Hinh 10

Cha y: - Trong hinh 10a: bé qua khéi lirong cuia 10 X0
- Trong hinh 10b: bé qua khéi lirong ciia thanh treo.
Bai 11: Cot dién OA duoc chon thang dang trén mit dat (mp Oxy) va duoc giit bai 2 soi cép
AB va AD hop vdi cot dién 1 géc o = 30°%; géc gitra OB va OD la ¢ = 60° nhu hinh 11.
Tai dau A cua cot dién c6 2 nhanh day dién

mac song song véi truc Oy va Ox. Cac nhéanh

day nay chiu luc kéo 1a P,B,; P, = P, =
100N. Hay xac dinh:

a) Luc tac dung doc theo cot dién.

b) Luc trong cac soi cap AB va AD.
<@ Y Hinh 11

T



Bai 12: Dam AB duoc giit nam ngang nhd cac lién két nhu hinh 12.

.
D
L'[\
A)NH[H E o
A "FG!
Hinh 12

Trong d6, A 1a géi tua cé dinh, thanh treo CD nghiéng 1 géc o = 30°so vé6i dim. Tai dau B c6 day
(kéo) thang ding duoc vat qua 1 rong roc; dau day cd treo vat P = 5 kN. Gia str dam co trong
luong G = 10 KN dit tai diém giira cua AB. Bo qua khdi lugng caa thanh treo CD. Ngau luc M =
8 KNm c6 mp tac dung 1a mp hinh v&, c¢6 chiéu tac dung nhu hinh vé&. Trong doan AE, dam chiu
tac dung cua luc phan bb déu co cuong d6 g = 0,5 KN/m.

Hay xac dinh phan lyuc lién két tai A va C.

Bai 13: Hé dam AB va BC duoc ni véi nhau bang khép ban 1€ B. Bau A ¢4 lién két gdi ¢ dinh;

C va D 1a cac diém tya nhon nhu hinh vé.

A} C 4
- I AN
Q
Hinh 13

Biét: CB = ZAB; DE = -BE; a = 45°. Trong lugng Q =20 kN va P = 40 kN dt tai diém giita cua
dam AB va BE.

Hay xé4c dinh phan luc tai g6i d& A va tai cac diém twa C va D.



Bai 14: Cho 1 gian phing chiu luc, hinh 14. Hay xac dinh:
£=28d i

|
S Q 0 M K I G D B

AN
vt
Z
=
-
uy
3]
Ml
ey
<fumm
]
ey

a) Cac phan luc lién két tai S va R.
b) Ung lyc trong cac thanh KM, JM va JL bang phuong phap mait cat.
Bai 15:

15.1: Thanh c6 chiéu dai ¢ = 4 m tya vao 1 birc twong thang ding va hop véi nén 1 géc 6 = 60°

nhu hinh vé.

Gia si khong c6 ma st gitra thang va tuong. Hé sé6 ma sét giira thang va nén 1a p = 0,5. Mot

ngudi ¢o trong lugng 700N bat dau leo 1&n thang.

a) Nguoi ndy co thé leo dén dinh thang an toan khong? Néu khéng, hay tim khoang céch d

(doc theo thang) dé leo an toan trong doan d6. B6 qua trong luong cua thang.

b) Khoang cach d phy thudc vao 6? Néu nhu vay, xac dinh goc 6 dé ngudi d6 leo 1én an toan

dén dinh thang.
15.2: Gia str c6 thém hé sb ma sét giira thang va tuong dung 1a f = 0,4
a) Hay xac dinh phan lyc lién két tai A va B.

b) Xac dinh goc 6 dé ngudi d6 co thé leo an toan tir B dén A,

~no fricti
Gm ction 4/5\

Hinh 15



Hinh huéng din mot sé bai tap

Bai 8:

Fi=50N
lﬁ:lﬂN

F3=30N Dl 5
D F;
Fy .
FZ Fet

Bai 14:

;t/wvwv 7N
JL.A

I

L . l F

Hwéng din & dap sbé

Bai 1: Tham khao céc file “0.5 Vector Decomposition into Component” & “0.6 Going between
Representation” trudc Khi giai cac bai tap 1, 2, 3, va 4.

Bai 2: F = 51 — 6] — 5Kk, thé hién n6 trong hé Oxyz

Bai 3: F, = —81 + 10}

Bai 4: fp = 37 + 2J + k, thé hién n6 trong hé Oxyz

Bai 5: Thé hién 3, b trong Oxyz; & = 8Kk



Bai 6: Mo (F) = (~10 + )k = —9,13K
Bai 7:
= 5 - PN = 7 - - e
a) Fy = —(37 + 5K) (N); F, = (41 + 37 + 5K) (N)

b) A0B = 6 = 34,45°

c) MD(F)l) = Ipo X Fy = (%T_ %E) (N.m)

d) Mpc(F;) = 5x4 = 20 (N.m)
Bai 8:
R =F, =551—533](N); M, =0
Bai 9:
R = Fer = —25] — 99,97 (N)
M, = —12,5k (N.m)

Bai 11:
R; =85KkN; R, =231 kN va R; =273 kN
Bai 12:
V. Xa = 3,9 (kN)
L Ya=3,75 (kN
L . A= 3,75 (kN)
at - (—) T M T =45 (kN)
Al Baye a C A 2
> . B
P O P 1 2
4 —
1!'(—__.[
Bai 13:
E Y,{"
I .9 1~ 'q}lB oy
A C l
Q Yg

IS

2
2

Xa =15 (kN) : Y =-7,5 (kN); Np =

.40.

ol w

~ 21,2 (kN): Nc = 52,5 (kN)



Bai 14:
B qua trong luong cua cac thanh, FBD ctia dam nhu hinh v&
ChU y: tai S chi c6 Fy, di qua SQ (2 khép ban 1& & 2 dau thanh)
a) Goi y:
YY =0 = Fp; Mg =0 = Fgp; XM =0 = Fg,
Frx = OF; Fry = F; Fsx = - 8F

b) Ding phuong phap mat cit, xudt hién cac tng luc Tyy; Tjy va Ty, FBD cua phan bén phai

nhu hinh vé
Trw = 4F; Ty = -6F; va Ty = V2F
Goiy: X M;=0; XMy =0
hay XX=0); XY=0
Bai 15:
15.1: a) d = 3,46 m; b) 6 > 64°
15.2:a) & b)

S& giang giai tai 16p nhu 13 1 vi du vé bai todn ma sat.
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PROBLEMS

General problem: Content of Course
Based on files “2_Content_IntroductionEngineeringMechanics”, answer the following questions:
a) What make Engineering different from Science?
b) What is Engineering Mechanics?
c) What are the major topics of the Course (Introduction to Engineering Mechanics —
Statics)?

Problem 1: Convert each of the following to three significant figures:
(a) 20lb.ft to N.m, (b) 4501b/ft® to kN/m?®, and (c) 15 ft/h to mm/s.

Problem 2: Determine the position vector r directed from point A to point B and the length of
cord AB and its coordinate direction angles, Figure 2. Take z = 4m.

Figure 2 Figure 3

Problem 3: If the mass of cylinder C is 40 kg, determine the mass of cylinder A in order to
hold the assembly in the position shown, Figure 3.

Problem 4: How much force must the person exert to hold the system in equilibrium?

11



In which W; & W, are weight of cylinder 1
&2, Figure 4.
Assume:

- Frictionless bearings

- Tension in cable/ belt/ rope is the same

throughout
- Neglect pulley weights (P4, P,, & P3)
(Figure 4)

Figure 4

Problem 5: Determine the components of reaction at the fixed support A, Figure 5. Neglect
the thickness of beam.

ON 200N 200N

Figure 6
Figure 5

Problem 6: Determine the reactions at the smooth contact points A, B, and C on the bar,
Figure 6.

Problem 7: Determine the horizontal and vertical components of reaction at the pin A and the
tension developed in the cable BC used to support the steel frame, Figure 7.

12



1.5m | 1.5m 1

Figure 8

Figure 7

Problem 8: Determine the horizontal and vertical components of reaction at the pin A and the
reaction on the beam at C, Figure 8.

Problem 9:

Determine the reactions at A and B on

the beam
900 N-n

(Neglect weight of member BC)

Figure 9
Problem 10: For the frame structure shown in Figure 10, a 150N force is applied to the pin at
B. It can be considered that the weight of the members of the structure to be negligible when
compared to the other forces exerted in the structure. Find the forces exerted by the pin at B onto
member ABD.

13
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Figure 10
Problem 11: The 10Ib forces are applied to the handles of the pliers shown in Figure 11.

Determine the force on the nut and forces acting on the pin at A.

frn_mmm FBD Member Pin o e BB s
M
H R,,
ok N, (from Body B,)
F, o
Res (nom Body B.)
F, (from Body B,) -
N
- mom Body B,)
Figure 11
Problem 12:

Problem 12.1: Find the forces in each member of the truss, using the method of joints.

Figure 12.1

14




Note: kip is an Imperial unit of force; 1 kip = 1000 pound-force = 4448.2216 N = 4.4482216 kN
Problem 12.2: Determine the force in member GH of the truss, Figure 12.2, using the method of

sections.

| BN SEN LN

Figure 12.2

ANSWERS:
Answer 2: rpg ={-3i+ 6]+ 2k} m; rpg=7m
Answer 3: my = 20 kg
Answer 4: see video clip (file “10 _Example System of Particle Equilibrium”)
Answer 5: A, =346 N; A, = 800 N, Ma = 3.9 kNm
Answer 6: Nc =433 N; Na =577.4 N; Ng =327 N
Answer 7: T = 34.62 kN; A, = 20.8 kKN; A, = 87.7 kN
Answer 8: Fcp = 11.3 kN; Ay = - 8 kN, A, = - 4kN
Answer 9: see video clip (files “11 Example 2D Rigid Body Equilibrium” & “12 Force

Member and Multi Force Members ™)

Answer 10: see video clip (file “13_Frame Structure”)
Answer 11: see video clip (file “14_Machine Structure”)
Answer 12:
Answer 12.1: see video clip (files “15 Truss Structures” & “16_Truss Method of joints”)
Answer 12.2: see video clip (file “17 Truss Method of Section”)

15



BAI TAP PHAN 2: PONG HQC
Bai 1: Mot thanh dong chat AB c6 chiéu dai £ = 50 cm quay quanh Az nhu hinh v&. Tai thoi diém

khao sét, thanh quay cham dan déu véi gia toc goc a = 0,1 rad/s?.

u}':‘

¥y ,_,_,--"
Ny
A
- X
i

a) Van téc diém C (diém giita AB) la vc
= 7,5 cm/s. Hay xac dinh: Van téc goc caa
thanh; van téc diém B trén thanh.

b) Xac dinh gia tc goc cua thanh va gia

tdc cua diém B.

Bai 2: Motor dan dong cho thanh OAB quay quanh truc di qua O. Tai thoi diém khao sat thanh

dang ¢ vi tri nhu hinh v&, ¢6 van tdc goc w = 4,0 rad/s va quay cham dan déu véi gia toc goc o =

2 rad/s?,

L
motor ?\“ A
L ‘

Biét: L = 0,5m. Hay xac dinh:

a) Van téc cia diém A, diém B va van
téc tuong d6i cua B so vai A.

b) Gia toc cua diém A, diém B va gia

téc tuong d6i cua B so vai A.

Bai 3: Cho co hé gém thanh OA, AB & con truot B (co ciu tay quay - con truot) nhu hinh v&.

Trong d6 OA quay quanh truc cé dinh Oz véi
van téc goc 1a hing sé (o = const). Biét OA
=AB=2a; ¢ = ot

Hay viét phuong trinh chuyén dong cua diém
M (diém giira cua thanh AB) dudi dang tham
sb t & xac dinh quy dao cua M.

Viét phuong trinh van toc va gia téc cua
diém M.

16



Bai 4: Mot dia tron ban kinh R = 20 cm (lin vé phia trudc, theo chiéu cua i) trén 1 bing tai nim
ngang véi van téc goc w = 10 rad/s, nhu hinh v&.

a) Hay viét diéu kién lin khong truot cua dia tron.

b) Gia sir dia lan khong truot trén bang tai. Hay xac dinh van téc tdm C cua dia tron trong
truong hop sau: Bing tai ¢6 dinh (hinh a); Bang tai chuyén dong véi van tbc v, (hinh b); Bing tai

chuyén dong véi van téc v (hinh c).

d \ V4 \ j'_ D\
@ @ i e
P \.P vo=1ms~_P 7
 — — —
vp = lm/s
a) b) c)

¢) Xét truong hop a (bang tai dirng yén); tai thoi diém khao sat, dia dang 1an nhanh dan véi gia tc
cua tam la ac = 2 m/s%. Hay x4c dinh gia toc cua diém P (trén dia).
Bai 5: Mot 6ng hinh chir T dugc han voi tay don OAB nhu hinh v&.

Tay don dang quay véi van tc goc

@ = 5 rad/s va gia téc g6c ¢ = 2,5 rad/s>. Tai

JT T thoi diém khao sat, chat diém P dang roi

xudng véi van toéc 5 m/s va gia téc 2,5 m/s?
s0 voi ong. Biét L =0,5m.

a) Hay xac dinh van tc tuyét ddi cua

chét diém P.

b) Hay xac dinh gia téc tuyét ddi cua

chét diém P.

Bai 6: Pong diém M bat d¢au chuyén dong tir dinh O cua nén, doc theo dudng sinh OC vai van téc

khong ddi v, = 24 cm/s.

17



Cung thoi diém xuat phat cia dong diém M,
nén bat diu quay theo quy luat ¢ = 0,125t
(rad).

Hay xac dinh van tbc tuyét dbi, gia toc tuyét
d6i cua diém M tai thoi diém t = 4s.

Biét g6c nén 2a = 60°% chiéu tac dung cua @

nhu hinh vé.

Hwéng din & két qua

Bai 1:2) & = 0,3k (=%);@ = —0,1k (5 ; 151 = 155, b) Gy = —(L4i + 6,6))

N

Bai 2:
Van téc:
e Va =2 m/s; Vg = 24/2 m/s; Vgia = 2 m/s
ﬂ Gia toc:
G, = —wl P+ 3 X P
ay = /(0% x 04)2 + (. 04)2 = V65
Tuong tu:

ag = +/(w? x 0B)? + (a.0B)? = V130
C6 phuong chiéu duoc xac dinh bai tgu

. I
veN\ | s = dp — d,
B aB/A = V65

18



Bai 3: e Quy dao la duong ellip c6 phuong trinh:

2 2
XM oYM _
932 a2

e vy = waVv9sinZwt + cosZwt

oay = Jo*(x? +y2) = w?r;cos(d; 0x) = %;cos(&; 0y) = %
Bai 4:
a) Tai diém tiép xuc, diém P trén dia dang tring vai diém Q trén bang tai.
Diéu kién lan khong trugt: Vp = Vg
b) hinh a: v¢ = 2i (m/s); hinh b: v¢ = 3i (m/s); va hinh c: v = 1i (m/s).
c) ap = 20j (M/s?)
Bai 5:
y - Hé cb dinh Oxy, gan véi vat 1am méc ¢ dinh A.
- Hé dong O’x’y’ (trong d6 O’ trung O), gin Véi
. PP tay quay OAB.
rpo : - Chuyén dong quay cua OAB trong hé cb dinh 1
I chuyén dong theo.

0.0 T - Chuyén dong cua diém P (vién bi) dang roi trong
| ong chir T 1a chuyén dong twong ddi.
- Chuyén dong cua dong diém P so véi hé Oxy la
, ’ 7 chuyén dong tuyét doi.
a) Van toc tuyét doi cua diém P:
Bp = G + 7,
19



Trong d0: Bpr = @ X Typ; U, di biét.
Vp = 2,5 m/s, nim ngang huéng tir phai qua tréi.
b) ap = {23,75i — 12,5j}
Bai 6:
e Trong bai toan nay chuyén dong quay caa nén quanh truc z 1a chuyén dong theo; chuyén
dong cua dong diém M doc theo duong sinh OC 1a chuyén dong twong ddi. (v, = 24 cm/s = const)
Sau 4s, vi tri cia M duoc xac dinh boi OM = v,.t = 96 (cm), trong tng MK = 48 (cm)

e Trong chuyén dong theo, tai thoi diém dang xét (t = 4s), van téc goc: w =i—(f=
2 5
1(rad/s); € = dd—;p = 0,25rad /s?, cac véc to @, € dugc biéu thi trén hinh va.

Trong h¢ toa d6 Mxyz (hinh vé) ta co:

Vax = Ve do 16m v,,, = \JvZ + v2 = V482 + 242 ~ 54(cm/s)
Vay = —Vp. SINX => Phwong chiéu dwgc xac dinh bdi cac goc chi phwong
Vgy = —Vy.COSQ v v, v

cos(vy, x) = =25 cos(vy,y) = —2%; cos(vy, z) = %
vaM vaM vaM

Gia tc tuyét doi caa M:
WaM=W@+W4+WC;trongdé:W4=0; Vl_)/e =Vl_)/e"+l/_l)/ef
o W= w? MK, huéng tir M vé K; W = e. MK theo chidu truc Mx
e W¢ =2 w.v,.sino, phuong L mp (OM; Mz) => theo chiéu Mx.
=> Wy = W7 + We; Wy = WS W,, =0=>W,, = 60 (cm/s?) va géc chi phuong tuong tng.

20



PROBLEMS

Problem 1: A car has an initial speed of 25m/s and a constant deceleration of 3m/s’.
Determine the velocity of the car when t = 4s .What is the displacement of the car during the 4-s
time interval? How much time is needed to stop the car?

Problem 2: The position of the cyclist traveling along a straight road is described by the
graph, Figure 2. Construct the v-t and a-t graphs.

s(m) - |

~0.625 £ + 27.5t — 162.5

== B
Zoa=10mjs T~
§ = A =] s s
37.5 — e ) —
137.5 . - y‘(’\, P }1‘ \o C
.". i T A .»-.-' A — X

\.'

e ' : 0.05 7 Figure 3
/s =005r

i

' 1 (s)

10 20

Figure 2

Problem 3: The ball is kicked from point with the initial velocity v = 10m/s, Figure 3.
Determine the maximum height it reaches, the speed when the ball strikes the ground, and the
equation of path of the ball.

Problem 4: The velocity of a particle is given by v = {16t% + 4t%j + (5t +2)k} m/s, where t is
in seconds. If the particle is at the origin when t = 0, determine the magnitude of the particle’s
acceleration when t = 2s. Also, what is the x, y, z coordinate position of the particle at this instant?

Problem 5: When designing a highway curve it is required that cars traveling at a constant
speed of 25 m/s must not have an acceleration that exceeds 3 m/s®. Determine the minimum radius
of curvature of the curve.

Problem 6: A car travels along a horizontal circular curved road that has a radius of 600 m. If
the speed is uniformly increased at a rate of 2000 km/h? determine the magnitude of the
acceleration at the instant the speed of the car is 60 km/h.

Problem 7: Starting from rest, the motorboat travels around the circle path, p = 50m, at a
speed v = (0.2t%) m/s, where t is in seconds, Figure 7. Determine the magnitudes of the boat’s
velocity and acceleration at the instant t = 3s.
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Figure 7

Figure 8

Problem 8: Determine the speed of block A if end B of the drop is pulled down with a speed
of 6 m/s, Figure 8.

Problem 9: The boats (A & B, Figure 9) travel with constant speeds of va = 15 m/s and vg =
10 m/s when they leave the pier at O at the same time. Determine the distance between them when
t=4s.

45°
A 100 m
Mkm/l\
B
- 65 km/h
Figure 9 Figure 10

Problem 10: At the instant shown, cars A and B are traveling at the speeds shown in Figure
10. If B is accelerating at 1200 km/h? while A maintains a constant speed, determine the velocity
and acceleration of A with respect to B.

Problem 11:

a) If the motor of the electric drill (Figure 11) turns the armature shaft S with a constant
angular acceleration of &, = 30 rad/s®, determine the angular velocity of the shaft after it has turned
200 rev, starting from rest.
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b) If the motor of the electric drill turns the armature shaft S with an angular velocity of s =
(100t¥2) rad/s, determine the angular velocity and angular acceleration of the shaft at the instant it
has turned 200 rev, starting from rest.

a,=5m/fs
vg = 6mjs

Figure 11
Figure 12
Problem 12: At the instant shown, end A of the rod has the velocity and acceleration shown
in Figure 12. Determine the angular velocity and acceleration of the rod, and acceleration of end
B of the rod.

Problem 13:

a) If crank OA rotates with an angular velocity of o = 12 rad/s, determine the angular velocity
of rod AB and the velocity of piston B at the instant shown in Figure 13.

b) If ® = 12 rad/s = constant, determine the angular acceleration of rod AB and acceleration of
piston B at the instant shown.

Figure 13

Problem 14: At the instant shown, ball B is rolling along the slot in the disk (Figure 14) with
a velocity of 600 mm/s and an acceleration of 150 mm/s?, both measured relative to the disk and
directed away from O. If at the same instant the disk has the angular velocity and angular
acceleration shown, determine the velocity and acceleration of the ball at this instant.
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w=38radfs |-
a = Srad/fs”\

w=6rad/s
R >
A « =3rad/s’

Figure 14

Figure 15
Problem 15: Ball C moves with a speed of 3 m/s; which is increasing at a constant rate of

1.5m/s?, both measured relative to the circular plate and directed as shown in Figure 15. At the
same instant the plate rotates with angular velocity and angular acceleration shown. Determine the
velocity and acceleration of the ball at this instant.
ANSWERS:

Answer 1:v=13m/s; 4s = 76 m; t =25/3 ~8.33 s

Answer 3: see files “3.4 Projective Motion”

h=1.27 m; v¢ = 10 m/s; y = (-2g/300)x* +(tg30°)x

Answer 4: a = 80.2 m/s?; (42.7, 16.0, 14.0)

Answer 5: p > 253 ; pmin ~ 208 m

Answer 6: a = 0.488 m/s’

Answer 7: v = 1.8 m/s; a = 1.2 m/s°

Answer 8: va = -3 m/s

Answer 9: dag =32.3m

Answer 10: Vug = -80i — 14j (km/h); ang = (-1.6x10%)i + 2.8x10% (km/h?)

Answer 11: t = 7.083 s; ws = 266 rad/s; ¢s = 18.8 rad/s’

Answer 12: w = 2 rad/s; ¢ = - 3.67 rad/s*; ag = - 26.7 m/s’

Answer 13: @) wag = 12 rad/s; vg = 6.2 m/s; b) eag =249 rad/s?; ag = 129 m/s’

Answer 14: vg = {0.6i + 2.4j} m/s; ag = {-14.25i +8.4j} m/s’

Answer 15: (ae1)xy. = {1.51 - 30j} m/s; ve = {0.6i} m/s; ac = {-1.2j} m/s
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BAI TAP PHAN 3: PONG LUC HQC

Bai 1: Hé gom 10 xo va vat niang khdi luong m nhu hinh V&,

equilibrium position

N

B6 qua ma sét, hay viét phuong trinh chuyén dong cua vat nang.

Biét phuong trinh chuyén dong (dao dong diéu hoa) cua hé 1a: x(t) = Rcos(At — @)

Tai thoi diém dau vi tri caa khéi lugng m 13 xo = 25mm va van téc dau 1a vo = 160 mm/s. Biét

tan s6 tu nhién cua dao dong 1a f = 2 (chu ky/giay).

a) Hay tim chu ky dao dong T va tan sé goc .

b) Hay tim bién d6 dao dong R va gbc pha @.

¢) Hay xac dinh chuyén vi, van téc & gia téc cua khdi lugng tai thoi diém t = 1,5s.

d) Tim van tbc & gia téc 16n nhét caa hé.

e) Hay vé do thi mo ta phuong trinh chuyén dong x(t). Trén do thi nay hdy chi ra nhiing dai
luong R, Rcos @, vaT.

Bai 2: Mr. P dang dung o vi tri dau xe (phia bén phai), hinh v&, quan sat thiy 1 vat hap dan

dang nam trén mat duong tai vi tri cudi xe (phia trai). Mr. P quyét dinh di vé phia cudi xe dé

nhat vat do.

inferesting My = 50 ke
object &
\., |— 2m—’— Zm#\ ]
"‘xi o e \
L
mg.= 20 kg

Khi Mr. P di dén cudi xe thi nhan ra rang vat can nhit cach 6ng ta 1 doan x.
Biét: mp = 50 kg; m,. = 20 kg. Bo qua ma sét gitra banh xe va mat duong. Trong lugng cua xe
dat tai khdi tm G. Tai thoi diém dau xe dung yén.
Hay dung dinh 1y chuyén dong khdi tam hay dinh luét bao toan dong luong dé xac dinh doan x
nay.
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Bai 3: Mot 6t6 dang chay trén duong thang véi tée do v = 120 km/h. Tai xé bat dau ham thing,
hinh 3; 6td bat dau giam tdc do tir 120km/h xudng con 48 km/h trong thoi gian At = 4s.
Gia st trong thoi gian hdm thing 6td van chay trén duong thang. Khéi luong 6t6 1a m = 1200 kg.

Hay tim luc hdm trung binh tac dung Ién xe trong thoi gian nay.

EBD v j[_
_ — | —= - :
i e |
1 @ i '_ r
mg  y—
i 1.~
R, F,
Hinh 3 Hinh 4

Bai 4: Mot vat c6 khéi lwgng m = 2,5 kg bat dau trugt xudng tir vi tri 1 c6 do cao h = 5m trén mot
mat phang nghiéng khéng ma sat, hinh 4.

Khi dén v; tri 2 (diém A), vat tiép tuc chuyén dong trén 1 mp nam ngang nhu hinh v&. Biét hé s6
ma sat giita mat phang nam ngang va vat p. Néu tai diém B vat c6 van toc 1a vg = 9 m/s. Biét doan

duong nam ngang AB = 1m. Hay x4c dinh hé s6 ma sat p giita vat va mat phang nam ngang AB.

Bai 5: Mot va-ly dang truot thuan tdy trén bé mat nim ngang. Gia st va-ly chi tiép xGc véi bé mit
tai 2 diém A va B, hinh 5. Hé s6 ma sét gitra va-ly va bé mat 12 p. Hay vé so d6 chiu lyc cua va-ly.
Biét AB = L; trong tdm cua valy nim & d6 cao h va & giita doan AB nhu hinh v&.

Hay xé4c dinh phan lyc tai A, B & gia toc caa va-ly. Nhan xét vé phan lyc tai A va B theo h, L, .

Hinh 6
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Bai 6: Mot thanh dong chét, khdi lwong m, chiéu dai £: quay quanh khép ban 18 tai O. Tai thoi
diém khao st vi tri cua thanh duogc xac dinh béi goc @ so véi phuong ding, hinh 6.

a) Hay viét phuong trinh vi phan chuyén dong cua thanh bang cach dung phwong trinh can
bang moment dong luong.

b) Hay xac dinh phan luc R tai khop quay quanh O theo céc thdng sé 6, & va & theo cac hing
sbg, m, £

¢) Viét phuong trinh vi phan chuyén dong cua thanh bing cach ding phwong trinh can bang
nang luong.

d) Gia sir tai thoi diém dau, vi tri cia thanh 1a 6 = g va @ = @ = 0. Hay dung dinh luat bao
toan co ning dé xac dinh van téc goc e cua thanh tai vi tri = 0.

e) Gia str dao dong cua thanh 1a nho (sin@ ~ @), hdy viét phuong trinh vi phan chuyén dong
cua thanh theo @,6; tir d6 xac dinh tan sé goc va chu ky chuyén dong cuaa thanh.

f) Viét phuong trinh chuyén dong cua thanh theo diéu kién dau ¢ cau d.

Bai 7: Mot pulley kép gdom pulley B ¢6 ban kinh R; = 100 mm duoc han véi pulley A c6 béan kinh
R, = 200 mm. M6 men quan tinh cia pulley kép ddi véi truc Oz (vubng goc voi mat phang
chuyén dong) 13 1oz = 1,6 kgm?®. Mot soi day dwoc vat ngang qua pulley B mang vat cé khéi luong
m = 2 kg. Mot soi day dugc Vit qua pulley A duoc kéo bsi luc F, véi F = 20 N, nhu hinh v&. Gid
sit bé qua khoi lirong cia day, xem day khdng gidn va khéng cé trieot giira pulley va day.

a) Hay dung phuong trinh can bang mo

—-'- men dong luong cua co hé dé xac dinh gia
% téc cua pulley. Tir d6 xac dinh gia toc cua vat

'”E_.- nang.

L b) Hay dung phuong trinh cin bang ning
luong cua co hé dé xac dinh gia téc goc cua
pulley.

" ¢) Hay xac dinh lyc cang cua day (mang

vat nang m).
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Hinh vé & hwéng dan giai bai tap

Bai 1:

Phuong trinh vi phan chuyén dong: ¥ + (kim)x =0

Pat A% =k/m, tacé: ¥ + A’>x =0

Phuong trinh chuyén dong 1a: x(t) = Acosit + Bsinit

Trong d6, A &B 14 c4c hing sé tich phan duogc xac dinh dya vao diéu kién dau.

Phuong trinh c6 thé viét duéi dang: x(t) = Rcos(At — @), dao ddng diéu hoa

Cé&c thong s cia dao dong diéu hoa:

R = (A? + B%)Y2 bién @9 dao dong; ® = B/A: goc pha; A: tin sé goc

Chu ky dao déng, T (giay), 1a khoang thoi gian dé hoan thanh 1 dao dong, T = 27/A
Tan s6 dao ddng, f (Hz), cho biét bao nhiéu chu ky dugc thuc hién trong 1 gidy; f= 1/T

Bai 2:
|-—5ﬂ—--—5ﬂ—-|
&
—| G V. _object iﬂ G 7
0] 2 4 ’ v 1) 2 J 4
MsE i-— x ——]-— e —-|
y, M Vmg M y
X (2) X (b)
Bai 6:

a.) Dung HOZ = Zmz(_ﬁﬁ), v(,)'l HOZ = IOZ(U

B ml?

IOZ_ 3

. 39 .
=> 9+2—lsm9=0 (D
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b) ¥ F4 = mdg; trong d6 Y, Ff =ﬁx+ﬁy+m§(hinh a)
~ dg = d* + dt (hinh b)

¢ . L
R, = mE(Q cos @ — 67 sin )

R, =mg +m§(ésin9 — 62 cos 0)

c) Dung: % =T=YP{ trongds: T = %IOZ.wZ

s ol dh 1 . .
vaP; = —mg— - véi h= E(l — cos 0) (hinh ¢) => D/s6: (1)

0 G d) Dung dinh ly bao toan co nang: E =T + V = const

—
[ |
o
)

To + Vo (tai vi tri dau) = T+ V (vi tri dang xét) => 0 = + |2

=
T
=
[

ol_
\-e"'

e) Hudng dan trong phan két qua

Bai 7:

a)Ho, = X m, (_ﬁﬁ) ,chon Oz hwdng tir ngoai vao trong.
H, = lo,.0 + mvp.R; => H,
m,(F§)= FR, — mgR;

FR, —mgR;

PS:(e=w =)0 =
=020 = R?

= 1,258 (rad/s?)




Két qua

Bai 1:

a) T=0,5s; A=4nrad/s

b) R =28,06 mm; ® =0,471 rad

c) X =25mm; vy = 160 mm/s; ay = - 3,93 m/s*

d) Vimax = 0,35 M/S; amax = 4,43 m/s®

e) V& do thi chinh x4c nhu c6 thé & ghi ch rd rang.
Bai 2:

Mp. Xp

My +mp
Bai 3:
Dung dinh Iy bién thién dong luong I, — [; = X, Sy
Theo phuong x nam ngang: lo - lix = Fyx.At
Luc ham E, = —61 (kN)
Bai 4:
- Vat chuyén dong tir vi tri 1 dén vi tri 2 (diém A), khong ma sat -> dung dinh luat bao toan co
nang => va.
- Poan AB, luc ma sat khong 1a luc thé, khdng thé dung dinh luat bao toan co nang, dung dinh

ly bién thién dong nang: Tg - Ta = X AL =>u =0,87

Bai 5:
J e N e So dd chiu lyc (FBD) nhu hinh v&.
L. C - e Valy chuyén dong tinh tién, c6 thé xem nhu la chuyén
i . ) Lo oa , . N
\ | h dong cua 1 chat diém dat tai khoi tam C, c6 khoi lugng la
\"1 I D 1r"’: L 7. L, 7 . ) e A
N T "Et— 2 khoi luong valy, cé van toc & gia toc caa khoi tdm C.
] mg .
M e Theo Newton ¥ F£ =ma (1)

Chon Oxy nhu hinh v&, chiéu (1) 1én Ox & Oy, ta c6 2
phuong trinh (1) & (2), chira 3 an Ny, N, va gia toc a.
Dung phuong trinh c4n bang moment dong luong dé c6

thém 1 phuong trinh.
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+ dong lwong mv => H,(mv) = AC x mv
Chon K hwéng tir trong ra ngoai; 4y moment d6i véi bat ky diém nao do,
thuan tién nhatla 2 diém A hoic B,

DPao ham cia moment dong luong (1ay véi A) = tong moment cua tay ca cac luc.
Ta c6 phuong trinh: -mahk = LN, k — mg(L/2) k (11).

Chiéu 1én Oz, Ta c6 phuong trinh: LN, - mg% = -mah (3)

Giai (1), (2) & (3), ta c6:

1 h 1 h
N1=mg(§—zu); N, =mg(§+zu);a= —Hg.

Fy = uNy; F, = uN,

bS:

Nhan xét: ¢ Khi g = 0 (khdng c6 ma sét thi khdng c6 sy giam tc) => a = 0, bai toan tro thanh bai
toan tinh.

e Khi L >> h => N; = N, ~ % mg, trong trudng hop nady moment do lyc ma sat (d6i voi
khéi tam) gay ra qua nho so vai moment do cac luc khac gay ra, co thé bé qua anh huong cua luc
ma sat.

Bai 6:
Cau a), b), ¢) & d) da hudéng dan giai & phan hinh v&.
e) Khi sin® =~ 6 => phuong trinh vi phan chuyén dong

é+3‘96—0 2

Tan s abc A== |8 chukyT = 21 |22
anSOgOC = w = zf,cu y = 4LTT 39

Chu y: SV c6 thé giai phwong trinh vi phan bac 2 (phuong trinh (2) cing véi diéu kién dau) dé tim
phuong trinh 6(t).
Bai 7:
e Thura nhan day khong gidn va bo qua khdi lwong cia day nghia 1a mdi diém trén day phai
c6 cung chuyén dong, van téc va gia tdc nhu cta vat nang.
e Tai thoi diém khao sat, néu xét diém D 1a diém tiép xUc giira day va pulley B. Van téc va
gia tc cua diém D’ (tring véi D va nam trén pulley B) vi khong c6 truot giita day va pulley.
Nghia la: vp = o.Rg va (ap); = €.Rp
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Vin téc va gia toc cua diém D’ trén day ciing chinh 1a van téc va gia toc cua vat ning m =>
am = ap = 0,1258 (m/s?) theo phwong thang dung, c6 chiéu tir dudi 1én trén.

b) Dung T=Y P voi T = IOZ.%2+%mv,% va Y P¢{ = Fv, —mgvp => 0

c) Tu FBD cua vat nang m; dung Newton.

T + mg = md ; chiéu 1én phuong dung theo chiéu chuyén dong
=>T-mg=ma,=>T=198,7 (N).
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PROBLEMS

Problem 1: The motor winds in the cable with a constant acceleration, Figure 1, such that the
20-kg crate moves a distance s = 6m in 3s, starting from rest. Determine the tension developed in
the cable. The coefficient of kinetic friction between the crate and the plane is p, = 0.3.

F=500N

: s |
3NN
¢ N =3 k — 5”” N.”m
B S A AAAAARAA
2 - AL
O B

Figure 2

Figure 1

Problem 2: A spring of stiffness k = 500 N/m is mounted against the 10-kg block, Figure 2.
If the block is subjected to the force of F = 500 N, determine its velocity at s = 0.5m using method
of Work and Energy. It is assumed that when s = 0 the block is at rest and the spring is
uncompressed. The contact surface is smooth.

Problem 3: The cart and its load have a total mass of 100 kg, Figure 3. Determine the
acceleration of the cart and the normal reactions on the pair of wheels at A and B. Neglect the
mass of the wheels.

100N

0

e |
P 1y — s T
==

/ |
e O05m
B A | —— ol

03m! 04m 0.6m !

Figure 3

Figure 4
Problem 4: The pendulum consists of the 3-kg slender rod and the 5-kg thin plate, Figure 4.
Determine the position yg of center of mass G of the pendulum; then calculate the moment of
inertia of the pendulum about an axis perpendicular to the page and passing through G.
Note: + for a slender rod, lc; = (1/12) ml*; + for a thin plate, Ic; = (1/12) m[(1)* + (I,)°]
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Problem 5: The 60-kg wheel has a radius of gyration about its O center of ko = 300 mm,
Figure 5. If it is subjected to a couple moment of M = (3t%) N.m, where t is in seconds, determine
the angular velocity of the wheel when t = 4 s, starting from rest.

M=3F)N-m

20N _
i 0.75m | 175m 0.5 mi
A
SON

Figure 5

Figure 6

Problem 6: The uniform 60kg slender bar is initially at rest on a smooth horizontal plane
when the forces are applied, Figure 6. Determine the acceleration of the bar’s mass center and the
angular acceleration of the bar at this instant.

Problem 7: The uniform 50-kg slender rod is at rest in the position shown when P = 600 N is

applied, Figure 7. Determine the angular velocity of the rod when rod reaches the vertical
position.

M = 50N-m

Figure 8
Figure 7

Problem 8: The 20-kg wheel has a radius of gyration about its O center of ko = 300 mm,
Figure 8. When it is subjected to a couple moment of M = 50 N.m, it rolls without slipping.
Determine the angular velocity of the wheel after its center has traveled through a distance of so =
20 m starting from rest.
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Problem 9:

a) If the system is released from rest; determine the speed of the 20-kg cylinder A and B after A
has moved downward a distance of 2 m. The differential pulley has a mass of 15 kg with a radius
of gyration about its center of mass of ko = 100 mm.
b) Write the equation of motion of pulley using energy method & Euler’s principles.
ANSWERS:

Answer 1: T=176 N

Answer 2: v =5.24 m/s

Answer 3: a = (ag)y = 0.8 m/s®; Ny = 430 N; Ng = 610 N

Answer 4: ys = 1.78 m; lg = 4.45 kgm®

Answer 5: w = 11.85 rad/s = 11.9 rad/s

Answer 6: ag = 1 m/s’; ¢ = 2.11 rad/s’

Answer 7: w = 2.73 rad/s

Answer 8: @ = 31.62 rad/s = 31.6 rad/s

Answer 9: vy = 3.52 m/s; vg = 1.76 m/s;

0 = (1/2)[(magRa — MggRe)/(MaRA” + MgRs” + Mpky*)]t*
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DYNAMICS - MORE PROBLEMS
Problem 1: Based on the files “I. History of Dynamics, Motion in Moving Reference Frames "

a) Summary History of Dynamics

b) A system including spring, damper and mass (M).

Writing the differential equation of motion of the mass

99, <

¢) Summary the major contents about “Reference Frames + Vectors”; “velocity and

acceleration in fixed Cartesian Coor.”

Problem 2: A rocket is launched straight up into the air. At time t = 0 the rocket is at rest. The

position of rocket as a function of time is given by:

p .0 1 g
(ag — g)t

y(t) 2
x 2
, Where aq is a positive constant, g is the acceleration of gravity and a, > g. The constant t, is the
amount of time that the fuel takes to burn out.

Find a, the y — component of the acceleration as a function of time (express the answer in terms of
g, t, ag, and to.

Solution: see files “1.7 Worked Example — Derivative in Kinematics”

Problem 3: A runner travels along the x — axis, and at time t = 0 is at origin. The x — component
of runner’s position with respect to the origin is given by:

x = bt?, where b is a positive constant
a) What is unit of constant b? Express your answer in terms of m for meter and s for seconds.
b) Find v(t), the x — component of the runner’s velocity as a function of time.
c) Find a(t), the x — component of the runner’s acceleration as a function of time.
d) Do a plot of x(t), v(t), and a(t) vs time
Solution: see files “2.3 Worked Example — Acceleration from position ”
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Problem 4: A block of mass m is sliding down an inclined plane of angle 6 with respect to

horizontal (left figure).
Sliding down Sliding up

A N
m i e
m

L]
G

~»
L 1 e
~

At the bottom of the incline there is a spring. After compressing the spring the block stops
momentarily and then it starts to slide up the incline as shown in the right figure. There is kinetic
friction between the block and the inclined surface. The coefficient of kinetic friction is p. The
gravitational force on the block is directed in the downward vertical direction. Consider the x —
axis parallel to the inclined surface and positive pointing down. Express your answer in terms of

g, 0, p.

a) What is the x — component of the block’s acceleration vector when it is sliding down?
b) What is the X — component of the block’s acceleration vector when it is sliding up?

Solution: see files “PS.2.1 Worked Example — Sliding Block ”

c) To describe the relationship between work (W) and the change of kinetic energy (AK) when the
block is sliding down.

Solution: see files “21.6 Worked Example — Block Going Down a ramp”

Problem 5: Blocks 1 and 2 lie on a frictionless surface and connected by three massless ropes
strung over massless, frictionless pulleys as shown in the figure.

> i ®s , —3F

A force of magnitude F is applied to block 1.
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a) Draw FBD for block 1 and block 2 as they move across the table.
b) Draw FBD for the right and left pulley.
c) Determine the acceleration of block 1 and block 2.

Solution: see files “12.5 Worked Example — 2 blocks and 2 pulleys”

Problem 6: A ball of mass m is released from rest from a height h; above a horizontal surface. It
hits the surface and bounces off vertically to reach a maximum height h; as shown in the figure.

Definition of Average Force:

The time average of a force F'(t) between times ¢, and ¢, is defined as:

[;2 F(t)dt
ta — L

m

0Q

Y Y

The ball is in contact with the table for a time T. Calculate N, the magnitude of the time average
normal force exerted by the table on the ball. Express your answer in terms of m, g, T, h;, and hy.

Solution: see files “15.3 Worked Example — Bouncing Ball ”
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Problem 7: Block 1 of mass 3m is sliding along a frictionless horizontal table to the right with

speed V. Block 1 collides with block 2 of mass m that is moving to the left with speed vy, as
shown in the figure.

o0 (X)=bx"
v
B < o | / | +X
- 4 | |
frictionless x=10 x=d

After collision, the two blocks stick together and the blocks enter a rough surface at x = 0 with a
coefficient of kinetic friction that increases with distance as x(x) = bx® for 0 <x <d, where b is a
positive constant. The blocks come to rest at x = d. The downward gravitational acceleration has

magnitude g. Determine an expression for the initial speed v, of the block.

Solution: see files “PS.7.1 Worked Example — Collision and Sliding on a Rough Surface”

Problem 8: Two identical particles form a system. At the time shown in the figure the particles

have equal and opposite momentum p; = - p, = p.

I I p1 d A

— D

a) Determine a vector expression for the angular momentum of the system about the point A.

b) Determine a vector expression for the angular momentum of the system about the point B.

¢) How do your results for angular momentum about A and B compare?

Solution: see files “32.3 Worked Example — Angular Momentum About Different Points ”
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Problem 9: A cylinder of radius R, mass M, and moment of inertia Icm about the axis passing
through its center of mass starts from rest and moves down an incline plane at an angle @ from
the horizontal. The center of mass of the cylinder has dropped a vertical distance h when it
reaches the bottom of the incline, as shown in the figure.

The cylinder rolls down the incline without slipping. Use the conservation of energy principle to
calculate the speed of the center of mass of the cylinder when it reaches the bottom of the incline.
Express your answer in terms of M, h, R, g, and I¢,.

Solution: see files “37.2 Worked Example — Wheel Rolling without Slipping Down Incline Plane ”
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Note:

a) Notation in the introduced files: p (linear momemtum); L (angular momemtum); W (work); K
(kinetic energy); and U (potential energy)

b) To remember the following summary about angular momentum and Kinetic energy:

Fixed Axis Rotation vs. Translation and Rotation

Here we contrast the expressions of the angular momentum and kinetic energy for a rigid object rotating about a fixed axis vs. a rigid object
translating and rotating. For the case of fixed axis rotation, the object is pivoted about point S, left figure. Both rods are identical, length d, mass m
. moment of inertia about an axis passing through the center of mass I,,,. and about an axis passing through point § is Is. The plane of rotation
is contained in he plane of the screen. The position vector of the center of mass measured with respectto S is 7.
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Note:

In previous questions you have shown that if an object rotates about a fixed axis passing through point S and perpendicular to the plane of
rotation, the angular momentum about point S is also given by: Lg = M7y, X Uy + L@

This is true because the center of mass is moving in a circle of radius d/2 with center at point S and with the same w as the object. As a result,
the velocity of the center of mass has a magnitude wd,/2 therefore E,; becomes f,s = m".'—;&' + I, w. Using the parallel axis theorem

Lg = Isa.
You also showed that the kinetic energy for the object rotating about a fixed axis passing through point S is expressed as
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For the same reason as before, this is true because the speed of the center of mass is wd,/2 and the parallel axis theorem.

To avoid confusion, we advise you to always write 1:5 = Jowand K = %ngz for the case of fixed axis rotation.
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