IIpBu mpobJiemM

Kpehyhu ce npaBonuHUjCKH, TENIO MpeNia3u CYKIECHBHO JBE JCOHUIIC MTyTa CBaKa ITyKUHE S.
Y6p3ame TOKOM KpeTama 0CTaje HCTO, JIOK BpeMe 3a Koje Telo npele npBy AeoHUIY je t,
a apyry t>t;

a) OnpeauTn MoOYeTHY Op3UHY Vo U yOpame a.

b) Konuke cy Op3uHe Ha Kpajy pBe U Apyre ACOHMIIE TyTa?

¢) Konuku je nHTEpBan BpeMeHa 110 3aycTaBjbamba U pe)eHr My T J0 3ayCTaBlbamka, Y3eTH Y
003up 11a je yop3ame CBe BpeMe UCTO.

d) Hymepuuke Bpennoctu: S=10m, t; =1,06 s, t,=2,2s.

Pememe npBor npodaema

S S
Vo (t) (t)
a 2 2 a .,
a). I3 S=vt, _Etl , V,=V,—at,, v; =v,—2aS, S=vt, _Etz’
nobuja ce
2S(t, —t t—t; +2tt
a:M:2,99m/sz, V=S Tt = 11,02M /S sttt 2 noena
tt, (t, +1,) tt,(t,+t,)
t; +t; t -t + 2t
b). v,=S————2—=784m/s, Vv,=S—— L =125M/S sctrrtererererrererreeeens 2 moeHa
tt, (t, +t,) tt, (t,+t,)
t—t; +2tt .
C). T=t +t,+t =Y T H TG 3 68s (T.J. ty, =2 0,425 )
a  2(t,-t) a
2 (P-4t
i L=E=SM—O,2ém ........................................................................ 2 noena
2a 4, (6 -t7)
d). 3a cBaky Hymepnuky BpenHocT 0,5 moeHa (HOMHOXKEHO MIECTUIIOM)  .....c..c.. ... 3 moena
2 e T PSSR 1 moena
VEKVYITHOL. ...ooiii ettt ettt et e e e e e e bb e e e e tseeeeeneeas 10 (mecer) moena

In a rectilinear motion, a mobile (body) travels succesively through two equal segments
(paths) of the road of length S each. The acceleration of the motion remain always constant
(the same) and the travelling times for the two segments (paths) of the road were t;
respectively t>t; .

a). Determine the initial velocity v, of the mobile and its acceleration a.

b). What are the velocities at the ends of the two road segments (paths) of the lengths S each ?
¢). What is the interval of time until the stop of the motion and the distance traveled by the
mobile until the stop, taking into consideration that the mobile’s acceleration was the same.
d). Numerical application: S=10m, t; =1,06 s, t,=2.2s.

Solution of the first problem

Yo (t) (t)

a a
a). From Szvotl—Etf, v, =v,—at,, vi =v, —2aS, S:vltz—Etﬁ,

results



2S(t, —t,) -t +2t,t,

a=—"—2=299m/s’, V., =S 1L 02M /S eeeeeeeeeeeeeeee e 2 points
tt,(t, +1,) 0 tt, (6, +1,)
t2+t t2—t2+2t,t .
b). v,=5—1 % _g8am/s, v, =S 2 T s s, 2 points
t,t, (t, +t,) tt, (t, +t,)
£ —t7+2tt )
o). r=t +t,+t, =0 h T 3660 (et =220 425)
1 2 stop a 2(t —t ) stop a
2 1

v (Bt

and L=—2 =S =0,26M eececriiiiieeiiieiiiecreeereeeteeesreeesere e eeraeearee e 2 points
2a 4t (6 —t7)

d). For each numerical value 0,5 points (multiplied by SiX).......cccceevvevievinciinireeireenenn 3 points

EXETA et et ettt st e bt e sttt e bt e e st e sbeenbaee e 1 point

TIOT ALttt ettt e et e et e e abeesebeessbeeassaeesseesnsaeessseennns 10 (ten) points

Second problem

Ha xopuzonTtanHoj Tabnu stexu aebena gacka (BHISTH CIIHKY)
ca cepHuM ynmyospemeM paaujyca R m mybmne h u y TO
yayOJbee MocTaBbeHa je cdepa ucror paaujyca. Onpenutu
Macy my Telna Koje Tpeba OKauuTH Ha Kpaj HUTH mpebaueHe
NpPEeKO HACATHOT KOTypa S, Tako Jia Y TOKy KpeTama Jacke
chepa Moxe 1a HUCKOUM M3 yayOJbema. Maca HUTH je
3aHeMapsbuBa. Cnenehu nmapamerpu cy no3natu:M,m,R;h u g.
CBa Tpema Ccy 3aHeMmapeHa. J[MCKyTOBaTH peliekhe mpodiema
1j. 3aBucHOCT m_(h), 32 O0<h<R.

Second problem

On a horizontal table lies a thick plank (see the figure). Into
this plank, a spherical hollow of radius R, with depth h, is
carved, where a sphere having the same radius is inserted.
Determine the mass m, of the body that should be hung at the
end of the massless thread which passes over the ideal pulley
S, and which is fixed with the other end on the plank, so that,
during the plank’s motion, the sphere could be able to jump off
from inside the hollow. The following parameeters are
known:M,m,R,;h and g. All the frictions are to be neglected.
Discuss the solution of the problem, i.e. the dependence
m_(h), for 0<h<R.




Pememe gpyror nmpodJema.

m

X

g—
m +M+m
' (*)

13 BbyTHOBOT 3aKOHAa UMaMO
Wuepunjanna cuna Koja genyje y jeBo je E, =Ma. Y ucto Bpeme, BepTHKaIHO Ha JOJIE

MMaMO G=Mg. VYrao wmmehy G wu pesynryjyhe cume FE_=E +G je
= ACLZ (D)) wovvviieiiieicce e 2 moeHa

Taxohe MoxeMo jaa nepuHMIIEMO Yrao «,=arccos(1-h/R) u ako je a>a,chepa he
WCKOYNTH W3 ynyOJbema, ako je « < ¢, UCKakame HUje Moryhe. Y TpaHHYHOM CIIydajy

_ \2Rh-P

. a, g .
a=a,je R B (F5) et 2,5 moena
UsjennayaBamwem awu3 (*) ca a,mu3 (**) npoOmjaMo MHHHMalHY BpPEOHOCT Mace

2Rh—1?
R—h—-2Rh—h*

. 2 2
Jduckycuja: Ycios m(xo) >0 JOBOJIM A0 HEjeIHAUYMHE 2" —4Rh+R" >0 5 pelemeM

he{O;R(l—ﬁ
2

m' = (M +m)

X

(***). Kana je m_> m'"” mckakame je moryhe.....1,5 noena.

X

):l To 3maum pma wMakcumanHa woryha BpemHoct 3a  h  oxromapa

cosa, = , a. = 45°
Tj. 0 . 36or TOra, Kama m,Z—>c, HMaMO a-—>g u
Q> () ettt ettt h bbbt b e et e bt e bt e bt e bt et ereens 1,5 moena
) D0 N 1 TSR PUUPRURRR 1 moen
4 1 1) 2 (1 TP SPRTUPRRTRRPPRTR 10 (mecer) moena

Solution of the second problem.

m

X

a=g————
m,+M+m *)

With Newton’s law we obtain
The inertial force acting to the left is F,

.......................................... 1,5 points
=Ma . In the same time, in the vertical, down,

direction, we hawe G =Mg. The angle between G and and the resultant force F_=F, +G
IS @ =ArCt (/@) cvovveeveicieie e 2 points
We can define also the angle «, =arccos(1-h/R) and if a> ¢, the sphere jump off from
inside the hollow and when « < ¢, the jump is not possible. In the limiting case « =a, we
N2Rh -1
=g ————. .
obtain R (F5) e 2,5 points
Equating afrom (*) with a,from (**) we obtain the minimal value of the mass

N2Rh -1
R—h—~2Rh—}’
Discussion: The condition m” >0 leads to the inequation 2" —4Rh+R* >0 ith the

V2

h{o;R[l__ﬂ
solution This means that the maximal possible value of h correspond to

m” =(M +m) (***). When m, >m"” the jump is possible........ 1,5 points



cosq, = S a. = 45°
ie to 0 . Therefore, when m —>o, we have a—>g and
Lo 7T TSP USRURRPRRRPON 1,5 points
EXEIA ..ottt e st e et e e ta e e s rae e nreeanreeetaeeneeans 1 point
TOTAL. ...t tee e et e e e et e e e et e e e e atae e e s raeeesnsseeeennsaas 10 (ten) points

1. A balloon is moving straight down with the constant velocity v =1m/s. From
the balloon, a body is thrown straight up with initial velocity v, =8 m/s relative

to Earth. Find the distance between body and balloon when the body reaches the
maximum relative to Earth. (g =10m/s”)

Solution

Body is thrown straight up with initial velocity V; =v,+u (2 points) relative to
balloon. After time ¢ =v,/g (2 points) the body reaches maximum height relative to

Earth. The distance between body and balloon is path which body moved (traversed)
relative to balloon
h=Vyit—gt> /2=, +u)t—gt’ | 2=v,(vy +u)/ g —v; /(2g) = v, (v, +2u)/(2g) = 4.00m

(5 points) and Extra 1 point for complete solution.

2. Two touching bodies 1 and 2 are placed on an inclined plane forming an angle
a =30° with horizontal, as shown in Figure. The masses of the bodies are m, = 1,5 kg

and m, =1 kg, whereas the coefficients of friction between inclined plane and bodies

are equal £, =0,2 and u, = 0,1 respectively. Find the force of the interaction of the
bodies in the process of motion.

Solution

Both bodies will move together, since £, > 1,, with acceleration a and they can treat as one
body with mass m, + m,, then Newton’s second law in projection form along plane direction
gives F,+F,— (F,+F,)=(m,+m,)a (1 point) where F,= m,g/2 (1 point),
F,,=myg/2 (1 point), F, = ,ulmlg\/g/2 (1 point) and F, = ,uzng\/g/Z (1 point).
The equation of motion for each body is F,+N —F,=ma (1 point),
F,,—N,—F,, =mya (1point) where N _ is required force. Obviously that sum of the last
two relations gives the first expression. From the last two expressions we have
_ mlng\/g (

= M, — 1,) =0,52N (2 points) and Extra 1 point for complete solution.
2(m, +m,)

X



A3y
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Text in Serbian

1. bBanon ce kpehe BepTHKAaJIHO HAHMKe KOHCTAHTHOM Op3mHOM u =1m/s. U3
0ajioHa ce 0auM Tey0, BEPTHKAJIHO HaBHIIE, NMOYETHOM Op3HHOM V,=8m/s y

ogHocy Ha 3emsby. U3pauyHaTu pacrojame m3Melhy Tesa W 0ajioHa Kaja OHO
JAOCTHTHE MAKCHMAJIHY BUCHHY Y O/THOCY Ha 3eMJbY.

Pewerve

VY opHocy Ha OalloH Teno ce Oauy BEPTUKAIHO HaBuule Op3uHOM V) =v,+u.
MakcuMmallHy BUCHHY Yy OJHOCY Ha 3€MJby TEJO JOCTHXKE IIOC]Ie BpEMeHa t=V,/g .

Pacrojame u3mely Tena u 6aioHa Taza je jeqHaKo MyTy KOju Telo mnpehe y oJHocy Ha
0anoH

h= Vot—gtz/2:(vO +u)t—gt2/2 =v,(v, +u)/g—v§ 12g) =v,(vy +2u)/(2g) =4m.

2. Ha ctpmy paBan HaruGHor yraa « =30°, mocraB/beHa cy ABa Teja maca
m, =1,5kgu m, =1 kg , kao Ha caiunu 1. Koepuuujentn tpemsa usmelhy pasuu u

Tena ¢y u, =02 m pu, =01, pecnekruBno. Hahu cuiay kojom jeaHo Teiso
NPUTHCKA APYro (CUJIY y3ajaMHOT /1eJIOBaka) Y TOKY KpeTama.

2. C ob3upoM na je 4, > (I, 00a Tena he ce KpeTaTH 3ajeJHO HEKUM yOp3ameM a, Ia UX
MOKEMO nocMarpaTd  Kao  jeHO  TeJlo  Mace m,+m,. Tama  je

F,+F,—(F,+F,)=(m +my))a,rnecy F, =mg/2, F,, =m,g/2 napanenue
KOMIIOHEHTe cmiie 3eMJbMHE TeXe NpBOr W JApyror Tema, a F, = um, g\/g /2,

F,=um, g\/g /2 cuie Tpema. JelHauwMHE KpeTama 3a CBAKO TEJIO MOCEOHO Cy
F,+N,-F,=ma, F,—-N —F,=mya rtaeje N  TpaxeHa cuia y3ajaMHOr
nenoBama. QUurienHo je aa 30up mocieme 1B jeHaYrHe aaje npBy. Ha ocHOBY mociemme
mm,&g V3 (

IBe penanuje numamo N = 2 )
m, +m,

My~ #,) =0,52N .



Pewerve

Y oxHocy Ha 6astoH Teno ce Gary BepTHKANIHO Hauie O6p3uHoM V) =V, + U . MakcuManHy BUCHHY y

OIHOCY Ha 3eMJbY TENO JOCTHKE MOCIE BpeMeHa [ =V, / g . Pactojame usmel)y Tena u GanoHa Taja je
jenHako myTy KOjH TEN0 npehe y OJIHOCY Ha 6aon

h= Vot—gtz/2:(vo +u)t—gt2/2 =v,(v, +u)/g—v§ 1(2g) =v,(vy +2u)/(2g) =4m.



