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Kamezopuja IX

1. A. A hevy ball of mass m slides without friction down an inclined chute which forms a loop
of radius R (see the figure). At what height will the ball
leave the chute and to what maximum height will it rise
afterwards if it begins to run down the chute without initial
velocity from a height #=2R? Consider the size of the ball

negligible.

B. A heavy ball of mass m is suspended from a thread of length
¢ =2h which is fixed at point O. A nail L is hamered in at a distance &
from the point O, on the same vertical (see the figure). The thread is
moved an angle «=90° from the position of the equilibrium and
released.

a). How will the ball move when the thread meets the nail L ?

b). What maximum height will the ball attain after passing the position
of equilibrium ?

Solutions.

A. The height at which the ball will be detached from the chute
is determined on the basis of Newton's second law and is equal
to H,=5R/3. The ball will move from the point C (see the

figure) in a parabola with initial velocity v, =,/2gh, =+/2gR/3,
directed at an angle « which can be determined from the
equation cosa =1-h,/R=2/3. At the maximum elevation of the

parabola the velocity of the ball will be equal to the horizontal
component of the velocity Vo » ie.

v, =v,cosa =(2/3)\2gR/3 =/8gR/27 . It follows from the law of conservation of energy that at this moment
the ball should be at such a distance #,along the vertical from the
point A that v}=2gh,. Hence h,=v/2g=4R/27 and
H,=2R—h, =50R/27.

B. Up to the height #, =5¢/6 (see the figure) the ball will move

over an arc of a circle of radius ¢/2. After this, the ball will move
in a parabola up to the height #, =25¢/27.




2. A launch plies between two points A and B on the opposite banks of a 8
river (see the figure), always following the line AB. The distance S
between A and B is /200m. The velocity of the river current v=1,9m/s is
constant over the entire width of the river. The line AB makes an angle  es— J:
a =60° with the direction of the current. With what velocity u and at what
angle A to the line AB should the launch move to cover the distance AB

and back in a time /=5min? The angle B remains the same during the A

passage from A to B and from B to A.
Solution

In order that the
moving launch is
always on  the
straight line AB ,
the components of
the velocity of the

current and of the /
launch in  the 4

direction
perpendicular to AB should be equal, i.e usin 8 =vsina. When the launch moves from A to B its

velocity relative to the banks will be ucos B+vcosa and the time of motion will be determined
from the equation ¢, =S /(ucos f+vcosa). The time of motion from B to A can be found from the
obvious equation ¢, =S/(ucosfB-vcosa). From the condition ¢ +¢,=¢(=5min) we find

f= arcctg[(S+\/S2 +v?t? cos’ a)/(vt sin a)} ~12%and u = v(sin ) /(sin f) ~8m /5.

3. JIea Opoma mioBe MmO je3epy, jeaH OPYyroM y CycpeT MO TpaBoj JUHHUJU, Op3umHama
v, =25,2km/h u v, =32,4km/h. Kax cy 6ponoBu Ha melhycoOHOM pactojamy ¢, =900m ca
npBOT Opojia, mpemMa APyroM, MmoJieTd rojyd mucMmonoma op3uHoMm u = S4km/h . Kan cturae Ha
Opyru Opof roixy0 ce oaMax BpaTH Ha MPBH, 3aTUM OJIMax KpeHe IpeMa IPYyTroM U TaKO Jajbe.
Oppenutu nyT koju romy0 mpehe o0 TpeHyTka Kaj pacrojame Mely OpomoBuma mMocTaHe
¢, =180m. Oppenurtu myT KOju je rosry0 mpemrao of mpBor 6poja mpema aApyrom (yKymnaH ImyT y
JeIHOM cMepy) M MOCeOHO IyT KOjH je TPemIao o APYror mpeMa mpBoM (YKyTaH MyT y JpyTroM
cMepy) 3a BpeMe o1 Kaj je pacTojame Mehy Oponosuma 6uio ¢, =900m, na 1o cycpera 6pogosa
(BomuTH pauyyHa na ce rony0 Buine myTa kpehe ox mpBor ka apyrom u oOpHYTO). 3aHEMapuTH
BpeMe Koje roiry0 mpoBoan Ha OpoJOBHMa M CMaTpaTH Ja ce Kpehe xopuzoHTtanHo. [Hanomena:
MOKEeTe KOPHCTHTH pemamujy 1+x+x° +..=1/(1-x), 3a x<1, Maga Ta penmanuja HHje
HEOIIXO/IHA 32 PeIICHE 3a/1aTKa. |



Pememe 3. JIako je 3akipyuutu naje ¢, —/¢, =vt+v,t (1m.), a ogasue je je tzgl_—gz (Im.), a
Vi + v,

. 0, =1 .
3a T0 Bpeme rony0 je npermao myt f/=——=u (1m.) ogHocHO / =675m (1m.). Heka je L, myT
v+,
KOJjH je roiry0 mpermao o IpBOr Ka APYroMm a L, myT Koju je roay0 Mmpemao o Ipyror Ka IpBOM.
Pa3nuka oBux myTeBa jeHaKa je myTy Koju mpBU Opox mpehe 10 cycpera jep je y TOYETKy Toyo
vl

nojereo ca mpsor. [Jakne L —L, = (1) (1m.). 30up oBHX TyTeBa jeIHAK je YKYITHOM
v, +V,

ul,
v, +V,

2)

npehenom myty romay6a, oqHOCHO jenHak je ¢ y3 ycnoB aaje ¢, =0. Jakne, L, +L, =

(1m). U3 (1) u (2) Hanasumo L, =ﬁM (Im) u L =£M(ll‘l.). 3ameHna OpojHUX
v, +V, v, +V,

BpeaHocty naje L, =618,75m(0,5n.) u L, =225m (0,51m.).

4. Terosu umje cy mace M u 4M momohy jake HEUCTETJbUBE HUTH MPEOAYCHU Cy TPEKO JIAKOT
KOTypa KOjH je momohy Apyre HUTH npebadeHe MPEeKo HEMOKPETHOT JIAKOT KOTypa IMOBE3aH ca
TEJIOM Mace m Kao Ha CIUIH . AKO C€ CHCTEM IPEIyTH caM ceOH, OJpeIUTH ofHOC Maca m/ M
a) 1a OW TeJno Mace m MHUPOBAJIO,

0) na 6u Teso Mmace M MUpPOBAJIO.

(>

4M
Pemiewe 4. a) Jla Om Ter mace m MuUpoBao Tpebda Ja je UCHYHEH YCIOB
T,=T,=05T,=0,5mg (In.). IlokpeTHH KOTYyp Yy TOM CiIy4ajy j€ HENOKpeTaH, Cleau
(T, —Mg)/M =(4Mg —T,)/(4M) (1n.) WIn 0,5m—-M)/M =(4M —0,5m)/(4M) (11.).
Opnatne Hanazumo m/M =16/5 (1m.).
6) Jla Ou Ter M Omo HemokperaH Tpeba Ja cy ucnymweHu yciaou 1, =T, = Mg (1m.),
T, =2Mg (1n.). Ilpu Tome nokpeTHH KOTyp ce kpehe HaHmke yop3amem (I, —mg)/m(1n.), a



yoOp3ame Tera 4M tpeba na Oyne mBoctpyko Behe: (4Mg — Mg)/(AM) =2(2Mg —mg)/ m (1n.),
omatie godujamo m/M =16/11 (1m.).

3amaTak MOXKe Ja ce paau reHepanHuje. Hamummmo jeaHaumHe KpeTama 3a CBakO TeJo
T,—mg=ma@0,5n.), 4Mg-T,-F, =4Ma'(0,5n.), T,-F,—-Mg=Ma'(0,5n.) tme je
ayOp3ame CHyllTama MOKPETHOI KOTypa y OJHOCY Ha HEMOKPeTHH cHucTeM, a' yOp3ame
Kperawa Tena M wu 4M'y cucreMmy (HEMHEPIIMjATHOM) BE3aHOM 3a MOKPETHU (IOWH) KOTYD,
I,=T,=7T0,5n.), 7,=27(0,5n.), F, =4Ma(0,5n.), F,, = Ma(0,5n.). I'opme jenHauune
KpeTama MocTajy 2T —mg = ma (0,51.), 4M (g —a)—-T =4Ma'(0,5m.),
T+M(a—g)=Ma'(0,5n.) u HBHUXOBUM pelIaBambeM nobujamo
a=016M —5m)g /(16 M +5m)(0,5n.), a'=6mg /(16M + 5m)(0,51.). Yop3ame Tena M y ogHoCcy
HAHEMOKPETHU CUCTEM Je a,, =a—a'=(16M —11m)g /(16 M +5m)(0,5n.). 3axTeB 3amarka aa
Teno m wmupyje Ouhe 3amoBosbeH ako je a =0(0,5m.), 1j. 16M —5m =0(0,5n.) ogHOCHO
m/M =16/5(0,51.), a na 6u Tenno M ocrano HemokpeTHo Tpebda aa jea,, =0 1j.

16M —11m =0(0,5m.), cnenu m/ M =16/11(0,5m.).

3agarke npunpemuan: @opea Yany (Kpajosa) u UBan Manues (Hum).



