Bai tip 1: Mot chat diém M chuyén dong trong hé quy chiéu Oxyz c6 phuong trinh
chuyén dong dugc cho boi:

x(t) = sin(t), y(t) = cos(t); z(t) = cos(2t) don vi tinh mét (m)

a) Tim phuong trinh quy dao cia M (phwong trinh chi chta x, y, z khong chira bién thoi
gian t)

b) Tim khoang cach tir M dén gdc toa d6 O tai thoi diém t = /4 gidy
¢) Tim van tdc trung binh ctia M sau khoang thoi gian /4 gidy
d) Tim van tdc tirc thoi cuia M tai thoi diém t = T1/4 gidy
e) Tim gia tdc trung binh ctia M sau khoang thoi gian T1/4 gidy
f) Tim gia toc tirc thoi ctia M tai thoi diém t = 11/4 gidy
Pap an

a) Phuong trinh quy dao ctia M:

y2 — x* = cos’t — sin’t = cos cos (2t) =z

y2 —x—z=0

b) Tai thoi diém 11/4 giay:

Khoang cach r tir M t6i gdc O:

r=\/x2+y2+z2=\/(%)2+(@)2+02= 1 (m)

¢) Van tdc trung binh:

2 2 2
b _ AJx ) + G-y + (22,
At At

Tait=0:  x(0)=0;y(0)=1;2(0)=1
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_oar AJCE—0) 41y b1y C 1
V=" T /4 = Lém/s

d) Céc thanh phan cla v:

i = = cost
_ 4y _
vy == sint
dz .
V== 2sin2t

2 2 2
v=\/v +v +v
x y z
2 2 . 2
v=\/cost+smt+4sm 2t

v=1v\1+ 4sin22t

Thét = : v=\/§ m/s

e) Gia tdc trung binh:

Ma v(0) = /1 + 4sin’2t = 1m/s

_ ”(%)_v(o) _ A5-1 2
a, = ” =1 = 1,57 m/s

f) Cac thanh phan cla gia tc:

dv

v = cost a = dt" =— sint
. dv
vy =— sint ay = —dty— =— cost



dv
v == 2sin2t a = ~ =— 4cos2t

dt
2 2 2
az\/a +a +a
x y z

. 2 2 2
a =\/sm t + cost + 16cos 2t

a= \/1 + 16c0s 2t

Thét = : a=1 m/s?

Homework 1: A particle M moves in the Oxyz coordinate system with the motion
equations given by::

x(t) = sin(t), y(t) = cos(t); z(t) = cos(2t)
where the unit of measurement is meters (m).

a) Find the equation of the trajectory of M (the equation should only contain x, y, z
without the time variable t)

b) Determine the distance from M to O at time t = T1/4 seconds

c¢) Find the average velocity of M after a time interval of 11/4 seconds

d) Determine the instantaneous velocity of M at time t = T1/4 seconds

e) Find the average acceleration of M after a time interval of T1/4 seconds

f) Determine the instantaneous acceleration of M at time t = T1/4 seconds
Answer

a) The equation of the trajectory of M:
y2 — x* = cos’t — sin’t = cos cos (2t) =z
y2 —x'—2=0

b) At time t = T1/4 seconds:



The distance from M to O:
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c) the average velocity:

+0°

1 (m)

p a2’

t At

Att=0:  x(0)=0;y(0)=1;0)=1

p = A _
— A

d) The components of v:

Thét = : v=\/§ m/s

e) The average acceleration:

ar | AER) ey )

At At

2 2
\/(@—0) +(2 1) +(0-1)

/4
v =L — cost
x_ dt -
d )
v ==L —_ sint
y t

v—\/v +v +v

=1,6m/s

2 . 2 .2
v=\/cost+smt+4sm 2t

=1 + 4sin22t



_ v _ v!%!—v(O)
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v(0) =1 + 4sin’2t = 1 m/s

= v%)_v(o) e U 1,57 m/s?

= At /4
f) The components of a:
dvx .
v _=cost a =-—-=— sint
] dv
v =—sint a =—dy—=— cost
y y t
) dvl
v =— 2sin2t a = o = 4cos2t
VA4 z t
2 2 2
a = \/a +a +a
X y z
. 2 2 2
a= \/sm t + cost + 16cos 2t
2
a =\/1 + 16cos 2t
Att=: a=1 m/s’



Bai tap 2: Mot khéu phao dugc dat trén mo d4t cao 3 m so véi mat dat va nong phao
hudng 1én mot goc 60° so voi phwong nam ngang. Pan dugc bin ra véi tbe do v, = 30
m/s dé tring vao muc tiéu cach d6 mot khoang R cao hon so véi mit d4t 3 m va vién dan
phai vuot qua ba cai thap cao 20 m (hinh). Biét g = 10 m/s*

a) Viét phuong trinh quy dao cta vién dan
b) Véi thong s6 ban dau nhu vay thi vién dan c6 vuot qua thap dau tién khong?

c) Néu vién dan dat d6 cao cuc dai tai thap s6 2 thi khoang cach gitra vién dan va dinh
thap thu 2 1a bao nhiéu?

d) Thoi gian bao cua vién dan dén lac cham muc tiéu 13 bao nhiéu?
e) Tam xa R cta vién dan (Iac cham muc tiéu)?

Pap an
a) Phuong trinh chuyén dong:

{x(t) = vOtCOSG (my = votsine — %gt2 (m)

y =— —%= X+ (tanB)x

2
Zvocos 0

1 2
Yy ==X +\/§x (m)

b) Thé x = 25 m vao phuong trinh quy dao:
1 2
y=—7x + \/§x (m)
y =—-=25"++3.25 = 29,41 m

Vay vién dan vuot qua thap dau tién



c¢) Khi vién dan dat do cao cuc dai:

v, = vosine —gt=20

v sin®
0

t =
)

F . 1 2 . vosine 1 vOsinB 2
Thé tvao: y = votsmﬁ — gt = vOSLnG — 79( )

g g
y = 33,75 (m)
Vay vién dan cach dinh thap thr 2 1a : (33,75 +3)-20=16,75m

d) Khi cham muyc tiéu: y =0
. 1 .2
y = votsme —-—gt =0
30sin60't — = 10t" = 0

t = 3y/3=75,196m

e) Tam xa R cua vién dan lic cham muc tiéu:

R = x(t = 3\/5) = votcose

R = 30.3/3.c0s60° = 77,94 m

Homework 2: A cannon is placed on a hill 3 meters above the ground, with its barrel
pointing upwards at an angle of 60° relative to the horizontal. The projectile is fired with
an initial velocity of v, = 30 m/s to hit a target located at a horizontal distance R away.
The target is also 3 m above the ground, and the projectile must pass over three towers,
each 20 m high (as shown in the figure). Given that g = 10 m/s*.



a) Write the equation of the projectile’s trajectory.
b) With the given initial conditions, does the projectile clear the first tower?

c) If the projectile reaches its maximum height above the second tower, what is the
vertical distance between the projectile and the top of the second tower?

d) How long does the projectile take to reach the target?
e) What is the total range R of the projectile (when it hits the target)?
Answer

a) Equations of motion::
{x(t) = votcose (m)y = votsine — %gt2 (m)
The trajectory equation:

> X+ (tanB)x

2
21)0605 0

y ==

y == g% +13x ()

b) Substituting x =25 m into the trajectory equation:

1 2
y ==X +\/§x (m)

1 2
y=——525 ++3.25 = 29,41m

Since the projectile's height is 29.41 m, which is greater than 20 m, it clears the first
tower.

c) At the highest point, the vertical velocity component is zero:



v =0
y

v, = vosine —gt=20

‘= v,sind
g
Substituting t into the height equation:
. 1 2 . v,sind 1 v,sind 2
y = votsme - gt = vosme . 79( 5
y = 33,75 (m)

Thus, the vertical distance between the projectile and the top of the second tower is::
(33,75+3)-20=16,75m

d) At the point of impact: y =0
. 1 2
y = votsme —-—gt =0
30sin60't — — 10t" = 0

t = 3y3=75,19m

e) Range R of the projectile when it hits the target:

R = x(t = 3\/5) = votcose

R = 30.3/3.c0s60° = 77,94 m



Bai tap 3: Mot vién dan khdi lugng m = 50 g, dugc ban théng vao mot khdi g5 nang M =
5 kg duoc treo trén soi diy manh. Sau khi bén, vién dan dinh chat vao khéi g va nguoi
ta thiy khdi gd duoc nang 1én do cao h = 50 cm so véi vi tri ban dau. Cho gia téc trong
truong g = 10 m/s.

a) Tinh toc d§ cua vién dan trude khi cham vao khoi go.

b) Néu khéi gb dugc giir chit khong chuyén dong va vién dan di sau vao khéi gd mot
doan s = 10 cm. Tinh lyc can trung binh ctia khdi g5 lén vién dan.

m

M

Pap an

a) Ap dung dinh luat bao toan dong luong cho thoi diém vién dan trude khi ghim vao gb
va sau khi vira ghim vao go:

p,=Dp,
pl_dan t pl_gf) - pZ_dan t p2_g6

emv=(m+ M)V
_ (m+M)V
=sv=—T— ()

Ap dung dinh luat bao toan co ning cho thoi diém hé dan nam trong gd va thoi diém hé
dan g dat d6 cao cuc dai:

10



1 2

S (m+ MV =(m + M)gh
1 2

S—(m + M)V = (m + M)gh

=V =+/2gh

Thé vao (*):

_ (m+MV (m+M) 50.10~ +5
=y = - J2g \/2 10.50.10° = 319, 4 (m/s)

b) Ap dung dinh Iy dong nang cho vién dan ngay trudc khi cham vao gd va sau khi di
duoc quing dudng s roi dimg lai:

d d can
2 0
0 — 7mv = F - S cos180
2
——-mv =—F .s
2 can
my’ 50.10 °.(319,4)° 3
=F = =——-——-—= 257510 (N)
can 2s 2.10.10

Homework 3: A bullet with mass m = 50 g is fired straight into a wooden block with

mass M = 5 kg, which is suspended by a thin string. After the shot, the bullet becomes
embedded in the wooden block, and it is observed that the wooden block rises to a height
of h = 50 cm from its initial position. Given the acceleration due to gravity g = 10 m/s?,
solve the following:

a) Determine the velocity of the bullet before it hits the wooden block.

b) If the wooden block is held stationary and the bullet penetrates it to a depth of s
=10cm, calculate the average force exerted by the wooden block on the bullet.

11



Answer

a) Applying the law of conservation of momentum at the moment before the bullet
embeds into the wooden block and just after embedding:

- -
b, =p,
- - - -

A pl_dan + pl_gé = p2_dan + p2_g6

eomv=(m+ M)V
Sv =

(m+M)V
-

Applying the law of conservation of mechanical energy between the moment when the
bullet-wood system is in motion and when it reaches the highest position:

W2=W3

= WZdan t WZgS - W3dan + W3g5

1 2

S—m+ MV =(m + M)gh
1 2

S—(m + M)V = (m + M)gh

=V =+/2gh

Substituting into (*):

_ m+MYV (m+M) 50.10 +5
=y =T - J2g \/2 10.50.10° = 319, 4 (m/s)
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b) Applying the work-energy theorem for the bullet just before it hits the wooden block
and after traveling a distance s before stopping:

w.—-w =A4
d

d can

0 — %mv2 =F  .s. cos1800
can

——mv =—F  .s
2 can
mv’ 50.10 °.(319,4)° 3
=F , = =—————~ = 25510 (N)
can 2s 2.10.10
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Bai tap 4: Cho hai vat c6 khdi luong m;, = 7 kg va m, = 3 kg duoc ndi véi nhau béi day
khong gidn co khoi luong khong dang ké, vat qua hai rong roc (dia ran) co cung khoi
lugng M = 1 kg, ban kinh R, m, truot trén mit phang nghiéng goc o = 1/3 so voi mit dat
v6i hé sb ma sat k = 0,5. Hé chuyén dong trong trudng trong luc Trai dat voi g = 9,8 m/s?,
c6 chiéu chuyén dong m, di xubng. Gia st ban dau hé dting yén, hdy xac dinh:

a) Gia toc chuyén dong cuia m, va m,.
b) Cac luc cing day.

¢) Tim dong ning cua hé sau 2s ké tir luc hé bat dau chuyén dong.

ﬁ +myg = mya, - =T, +myg = mya (1)

i"zz +m,g + ﬁz + ﬁms = Myd, - Ty, — mygsina — um,gcosa = mya (2)

Ma
T3 +T, = - (3)

Ma
T; - T, =T (4)
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Gidi hé 4 phuong trinh (1) (2) (3) (4) ta co.

a—= mq—m3(sina+ucosa) g= 3 25 m/SZ

m1+m2+M

m,(1 + sina + pucosa) + M
my + m, + M

(1)=>T1=m1(g—a)<i)T1=( )mlg=4‘5,73N
(2) = T, = my(a + gsina + ugcosa) & T, = 42,5N

Ma
(3) =>T3 =T1 _T(=>T3 =44,1N

¢) Van tdc ctia van sau 2 s chuyén dong: v = at = 6,5 m/s
W ==(m; +m, + M)v2=3575] (1 diém)

Homework 4: Two objects with masses m; = 7 kg and m, = 3 kg are connected by a
massless, inextensible string that passes over two pulleys (solid disks) with mass M = 1
kg and radius R. The object m, slides on an inclined plane with an angle a = n/3 relative
to the horizontal surface, with a coefficient of friction k = 0,5. The system moves under
the influence of Earth's gravitational field, where g = 9,8 m/s*>. The motion is assumed to
be such that m; moves downward. Given that the system starts from rest, determine:

a) The acceleration of m; and m,.
b) The tension forces in the string.

c¢) The kinetic energy of the system after 2 seconds from the start of motion.

M.R M.R
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a) Writing the equations of motion (1,2,3,4):

T, + mg = myd,
= -1y +mg—mua (1)
T + mag + Na + Friction = mads

= T5 — magsina — pmag cosa — maoa  (2)

Ma
T+ Ty = —- (3)
M
T, T — 2“ (4)

Solving the system of four equations (1), (2), (3), and (4), we obtain:

my — ma(sina + pcosa) 9
a— : g—=2325m/s
my + o + M

b) Calculating the tensions in the string:

16



(1) = T\ — my(g — a)

T ma(l + sina + peosa) + M
oot my +oms -+ M

) myg — 45.73N

(2) = T = ma(a + gsina + pg cos a)
= Ty = 42.5N
Ma

{:ﬂ_}’j-;{,_TJ—T
=Ty = 441N
¢) Kinetic energy of the system after 2 seconds of motion:

Velocity after 2s: v —at — 6.5 m/s

1 9,
W — E(ML + e+ M)v® = 35.75 ]
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Bai tap 5: Mot khéi khi 1y tuong (i = 3) dung 1am tac nhan cta dong co nhiét thyc hién
chu trinh nhu hinh, trong d6, qua trinh (1-2), (3-4) 1a cac qua trinh doan nhiét, qua trinh
(2-3) 1a qua trinh dang ap, qua trinh (4-1) 14 qua trinh dang tich. Khoi khi & trang thai (1)
c6 nhiét d6 t, = 27°C, thé tich V,, & trang thai (2) c6 thé tich V,, ¢ trang thai (3) thé tich
V,. Biét V, =42V, va V, = 1,5V.,.

a) Tim cac nhiét do T,, T;, T, cua tadc nhan ¢ cac trang thai (2), (3), (4) tuong ung.

b) Tinh hiéu suit nhiét ctia dong co nay.

s

+1=22

)y ="-+1=

ol

-1

Qui trinh (1)~ (2) doan nhigt: T V' =T V"

2

v \Y !
=T =T(—1)
2 1|\ v

S5
=T, = 300(42)’ ' = 952,44 (K)

Qua trinh (2) — (3) dang ap:

|4

=T, =*T,= 1,57, = 1,5.952,44 = 1428, 66 (K)
2

Qué trinh (3) - (4) dogn nhiét: T V! =T V'™

18



v\ sv,\Y7! 15\
=T, = T3(T4) - Ts( v, ) - T3(Tﬁ)
=T, = 589,66 (K)
b) Qua trinh (1)~ (2) va (3) — (4) doan nhiét: Q_= @, = 0
Qua trinh (2) — (3) déng ap: Q, = (% + 1)%R(T .- T)
Qp3 = (% + 1)P2(V3 B Vz) - %szz

Qua trinh (4) — (1) dang tich:

Vl

y Y _ v\ _
P1V1 = PZVZ =>P1 = PZ(_) =0, 0557P2

Y _p oy _p (L) _
PV.=PV =P = P3( 7| = 01094,
—=Q,, =— 0,455P V,
Q. -Q
n=l-G=1-—7%=1- 0450 — 63,6 (%)
1 23 4

Homework 5: An ideal gas (i = 3) is used as the working substance in a heat engine
cycle, as shown in the figure. In this cycle:

Processes (1-2) and (3-4) are adiabatic processes

Process (2-3) is an isobaric expansion

Process (4-1) is an isochoric (constant volume) compression

The gas in state (1) has a temperature of t; = 27°C and volume V. In state (2), the

volume is V,. In state (3), the volume is V;. Given V, = 4\/§V2 and V;=1,5V,.

a) Determine the temperatures T,, T;, T, at the respective states.

b) Calculate the thermal efficiency of this heat engine.
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PA 2 3

P,
Pe [5G 4
Py v
! ! Ly
oV, V, vV, Vv
Answer
Dy =-+1==-+1=~
. . y—1 y—1
Process (1 — 2) adiabatic process: T1V1 = T2V2
v\ !
— -+
=T, = T1( Vz)

S
=T, = 300(42)’ ' = 952,44 (K)

Process (2 — 3) isobaric process:

4 4
2 3

T, Ty

%4

=T, =T, = 1,5T, = 1,5.952,44 = 1428, 66 (K)
2

Process (3 — 4) adiabatic process: Tsz_l = T4VZ_1

-1 v—1 v—1
(Y Y B 15V, B 15
=T, = T3( 7| =T =T\ %

=T, = 589,66 (K)

b) Process (1 — 2) and (3 — 4) adiabatic process: Q12= (234 =0

Process (2 — 3) isobaric process: Q23 = (% + 1)%R(T3 — Tz)
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Q23 - (% + 1)P2(V3 N VZ) - %PZVZ

Process (4 — 1) isochoric process:

Yy y _ v, Y_
PV _PZVZ :>P1—P2( ) = 0,0557P2

11 v,
Y
PV =PV =P =P (] =0 1094pP
33 4 4 4 “3\v, | 7 2
=>Q41 =— 0, 455P2V2
Q -Q
n=1---=1-—%=1-"9"=636(%)

23 4
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