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Fluid Mechanics



SOLVED EXAMPLES



1.



Water is filled in a flask upto a height of 20 cm. The bottom of the flask is circular with radius 10 cm. If the atmospheric pressure is 1.01 × 105 Pa, find the force exerted by the water on the bottom. Take g = 10 m/s2 and density of water = 1000 kg/m3. ,d ¶ykLd esa 20 lseh0 dh Åpk¡bZ rd ikuh Hkjk tkrk gSA ¶ykLd dk isank o`Ùkh; gS ftldh f=kT;k 10 lseh0 gSA vxj ok;qe.Myh; nkc 1.01 × 105 Pa gS rks ikuh }kjk isans ij yxk, x, cy dk eku Kkr dhft,A g dk eku 10 m/s2 yhft, rFkk ikuh dk ?kuRo 1000 kg/m3 yhft,A HCV_Ch-13_Sol.Ex._1



Sol.



The pressure at the surface of the water is equal to the atmospheric pressure P0. The pressure at the bottom is ikuh ds lrg ij nkc ok;qe.Myh; nkc P0 ds cjkcj gksxkA fupys ry ij nkc gksxkA P = P0 + hg = 1.01 × 105 Pa + (0.20 m) (1000 kg/m3) (10 m/s2) = 1.01 × 105 Pa + 0.02 × 105 Pa = 1.03 × 105 Pa. The area of the bottom uhps okys ry dk {ks=kQy =  r2 = 3.14 × (0.1 m)2 = 0.0314 m2. The force on the bottom is, therefore, ry ij cy gksxk F = P r2 = (1.03 × 105 Pa) × (0.0314 m2) = 3230 N.



2.



A 700 g solid cube having an edge of length 10 cm floats in water. How much volume of the cube is outside the water ? Density of water = 1000 kg/m3. ,d 700 g dk Bksl ?ku ftldh Hkqtk 10 cm yEch gS] ikuh essa rSj jgk gSA ?ku dk ikuh ds ckgj fdruk vk;ru gS? ikuh dk ?kuRo = 1000 kg/m3. HCV_Ch-13_Sol.Ex._2 The weight of the cube is balanced by the buoyant force. The buoyant force is equal to the weight of the water displaced. If a volume V of the cube is inside the water, the weight of the displaced water = Vg, where  is the density of water. Thus, ?ku dk Hkkj mRIykou cy ls lUrqfyr gSA mRIykou cy gVk;s x;s ikuh ds Hkkj ds cjkcj gSA ;fn ?ku V vk;ru ikuh ds vUnj gS rks gVk;s x;s ikuh dk nzO;eku = Vg, tgk¡  ikuh dk ?kuRo gSA bl çdkj Vg = (0.7 kg) g



Sol.



;k



V=



0.7 kg 0.7 kg = = 7 × 10–4 m3 = 700 cm3.  1000 kg / m3



The total volume of the cube



?ku dk dqy vk;ru = (10 cm)3 = 1000 cm3.



The volume outside the water is ikuh ds 1000 cm3 – 700 cm3 = 300 cm3.



ckgj vk;ru



3.



Figure shows a liquid being pushed out of a tube by pressing a piston. The area of cross-section of the piston is 1.0 cm2 and that of the tube at the outlet is 20 mm2. If the piston is pushed at a speed of 2 cm/s, what is the speed of the outgoing liquid ?



Sol.



From the equation of continuity A1v1 = A2v2 or, (1.0 cm2) (2 cm/s) = (20 mm2) v2 or,



v2 =



= 4.



1.0 cm 2 20 mm 2



100 mm 2 20 mm 2



× 2 cm/s



× 2 cm/s = 10 cm/s.



Figure shows a liquid of density 1200 kg/m3 flowing steadily in a tube of varying cross-section. The crosssection at a point A is 1.0 cm2 and that at B is 20 mm2, the points A and B are in the same horizontal plane. manishkumarphysics.in
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 Chapter # 13 Fluid Mechanics The speed of the liquid at A is 10 cm/s. Calculate the difference in pressures at A and B.



Sol.



From equation of continuity, the speed v2 at B is given by, A1v1 = A2v2 or, (1.0 cm)2 (10 cm/s) = (20 mm2) v2 or,



v2 =



1.0 cm 2 20 mm 2



× 10 cm/s = 50 cm/s.



By Bernoulli’s equation, P1 + gh1 +



1 1 v12 = P2 + gh2 + gv22. 2 2



Here h1 = h2. Thus, P1 – P2 =



1 1 v22 – v12 2 2



1 × (1200 kg/m3) (2500 cm2s2 – 100 cm2/s2) 2 = 600 kg/m3 × 2400 cm2/s2 = 144 Pa. =



5.



A water tank is constructed on the top of a building. With what speed will the water come out of a tap 6.0 m below the water level in the tank ? Assume steay flow and that the pressure above the water level is equal to the atmospheric pressure.



Sol.



The velocity is given by Torricelli’s theorem v= =



2 gh



2  (9.8m / s 2 )  ( 6.0 m)  11 m/s.



QUESTIONS



FOR



SHORT



ANSWER



1.



It is always true that the molecules of a dense liquid are heavier than the molecules of a lighter liquid ?



2.



If someone presses a pointed needle against your skin, you are hurt. But if someone presses a rod against your skin with the same force, you easily tolerate. Explain.



3.



In the derivation of P1 – P2 = gz, it was assumed that the liquid is incompressible. Why will this equation not be strictly valid for a compressible liquid ?



4.



Suppose the density of air at Madras is 0 and atmospheric pressure is P0. If we go up, the density and the pressure both decrease. Suppose we wish to calculate the pressure at a height 10 km above Madras. If we use the equation P0 – P0 = 0gz, will we get a pressure more than the actual or less than the actual ? Neglect the variation in g. Does your answer change if you also consider the variation in g?



5.



The free surface of a liquid resting in an inertial frame is horizontal. Does the normal to the free surface pass through the centre of the earth ? Think separately if the liquid is (a) at the equator (b) at a pole (c) some where else.



6.



A barometer tube reads 76 cm of mercury. If the tube is gradually inclined keeping the open end immersed in the mercury reservoir, will the length of mercury column be 76 cm, more than 76 cm or less than 76 cm?



7.



A one meter long glass tube is open at both ends. One end of the tube is dipped into a mercury cup, the tube is kept vertical and the air is pumped out of the tube by connecting the upper end to a suction pump. Can mercury be pulled up into the pump by this process?



8.



A satellite revolves round the earth. Air pressure inside the satellite is maintained at 76 cm of mercury. What will be the height of mercury column in a barometer tube 1 m long placed in the satellite ? manishkumarphysics.in



Page # 2



 Chapter # 13 Fluid Mechanics 9. Consider the barometer shown in figure. If a small hole is made at a point P in the barometer tube, will the mercury come out from this hole ?



10.



Is Archimedes’ principle valid in an elevator accelerating up ? In a car accelerating on a level road?



11.



Why is it easier to swim in sea water than in fresh water ?



12.



A glass of water has an ice cube floating in water. The water level just touches the rim of the glass. Will the water overflow when the ice melts?



13.



A ferry boat loaded with rocks has to pass under a bridge. The maximum height of the rocks is slightly more than the height of the bridge so that the boat just fails to pass under the bridge. Should some of the rocks be removed or some more rocks be added ?



14.



Water is slowly coming out from a vertical pipe. As the water descends after coming out, it area of crosssection reduces. Explain this on the basis of the equation of continuity.



15.



While watering a distant plant, a gardener partially closes the exit hole of the pipe by putting his finger on it. Explain why this results in the water stream going to a larger distance.



16.



A Gipsy car has a canvass top. When the car runs at high speed, the top bulges out. Explain.



Objective - I 1.



A liquid can easily change its shape but a solid can not because (A) the density of a liquid is smaller than that of a solid (B*) the forces between the molecules is stronger in solid than in liquids (C) the atoms combine to form bigger molecules in a solid (D) the average separation between the molecules is larger in solids.



HCV_Ch-13_Obj I_1



,d nzo viuk vkdkj cnyrk gSA ysfdu Bksl ugha D;ksafd % (A) nzo dk ?kuRo Bksl ls de gksrk gSA (B*) Bksl ds v.kqvksa ds chp yxus okyk cy] nzo ds v.kqvksa chp yxus okys cy ls vf/kd gksrk gSA (C) Bksl esa] ijek.kq feydj cM+k v.kq cukrs gSA (D) Bksl esa v.kqvksa ds chp vkSlr nwjh vf/kd gksrh gSA 2.



3.



Consider the equations F P = Lim s 0 S and P1 – P2 = gz. In a elevator accelerating upward (A) both the equations are valid (B*) the first is valid but not the second (C) the second is valid but not the first (D) both are invalid Three vessels shown in figure have same base area. Equal volumes of a liquid are poured in the three vessels. The force on the base will be HCV_Ch-13_Obj I_3



fp=k esa fn[kk, x;s rhu crZuksa ds vk/kkj dk {ks=kQy leku gSA ;fn rhuksa crZuksa esa leku vk;ru ds nzo Mky fn;s tk; rks vk/kkj ij yxus okyk cy gksxkA



(A) maximum in vessel A (C*) maximum in vessel C



(B) maximum in vessel B (D) equal in all the vessels. manishkumarphysics.in
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 Chapter # 13



Fluid Mechanics



(A) A crZu esa vf/kdreA (C*) C crZu esa vf/kdreA



(B) B crZu esa vf/kdreA (D) rhuksa crZu ksa esa lekuA



4.



Equal mass of three liquids are kept in three identical cylindrical vessels A, B and C. The densities are A, B, C with A < B < C. The force the base will be HCV_Ch-13_Obj I_4 (A) maximum in vessel A (B) maximum in vessel B (C) maximum in vessel C (D*) equal in all the vessels rhu leku csyukdkj crZu A, B vkSj C esa rhu nzoksa ds ,d leku nzO;eku j[ks x;s gSA muds ?kuRo A, B, C gSA A < B < C) vk/kkj ij cy gksxk (A) A crZu esa vf/kdreA (B) B crZu esa vf/kdreA (C*) C crZu esa vf/kdreA (D) rhuksa crZu ksa esa lekuA



5.



Figure shows a siphon. The liquid shown is water. The pressure difference PB – PA between the points A and B is HCV_Ch-13_Obj I_5 fp=k esa ,d lkbQu fn[kk;k x;k gS rFkk fn[kk;k x;k nzo ikuh gSA fcUnqvksa A o B ds chp nkckUrj PB – PA gSA



(A) 400 N/m2 6.



(B) 3000 N/m2



(C) 1000 N/m2



(D*) zero



A breaker containing a liquid is kept inside a big closed jar. If the air inside the jar is continuously pumped out, the pressure in the liquid near the bottom of the liquid will HCV_Ch-13_Obj I_6 (A) increase (B*) decrease (C) remain constant (D) first decrease and then increase



nzo ls Hkjk chdj ,d cM+s cUn tkj esa j[kk x;k gS ;fn tkj ds vUnj dh gok fujUrj ckgj fudkyh tk; rks nzo esa nzo dh ryh ij nkc (A) c


The pressure in a liquid at two points in the same horizontal plane are equal. Consider an elevator accelerating upward and a car accelerating on a horizontal road. The above statement is correct in HCV_Ch-13_Obj I_7 (A) the car only (B*) the elevator only (C) both of them (D) neither of them



fdlh nzo esa ,d gh {kSfrt ry esa nks fcUnqvksa ij nkc leku gSA ,d ,syhosVj dks Åij Rofjr rFkk dkj dks {kSfrt lM+d ij Rofjr ekurs gq, mi;qZDr dFku lR; gSA (A) dsoy dkj ds fy, (B*) dso y ,sy hosVj ds fy, (C) nksu ksa ds fy, (D) fdlh ds fy, Hkh ugh 8.



Suppose the pressure at the surface of mercury in a barometer tube is P1 and the pressure at the surface of mercury in the cup is P2. HCV_Ch-13_Obj I_8 (A*) P1 = 0, P2 = atmospheric pressure (B) P1 = atmospheric pressure, P2 = 0 (C) P1 = P2 = atmospheric pressure (D) P1 = P2 = 0. k ,d cSjksehVj esa ikjs ds ry ij nkc P1 gS vkSj I;kys esa ikjs ds ry ij nkc P2 gS] rks - HCV_Ch-13_Obj I_8 (A*) P1 = 0, P2 = ok;qe.Myh; nkc (B) P1 = ok;qe.Myh; nkc, P2 = 0 (C) P1 = P2 = ok;qe.Myh; nkc (D) P1 = P2 = 0.



9.



A barometer kept in an elevator reads 76 cm when it is at rest. If the elevator goes up with increasing speed, the reading will be HCV_Ch-13_Obj I_9 fojkekoLFkk esa fy¶V esa j[ks gq, cSjksehVj dk ikB~;kad 76 cm gS] ;fn fy¶V c


ikB~;kad gksxk (A) zero 'kwU; 10.



(B) 76 cm



(C*) < 76 cm



(D) > 76 cm



A barometer kept in an elevator accelerating upward reads 76 cm. The air pressure in the elevator is HCV_Ch-13_Obj I_10



mij dh vksj Rofjr fy¶V esa j[ks cSjksehVj dk ikB~;kad 76 lseh- gS fy¶V esa gok dk nkc gSA (A) 76 cm (B) < 76 cm (C*) > 76 cm (D) Zero 'kwU; manishkumarphysics.in
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 Chapter # 13 Fluid Mechanics 11. To construct a barometer, a tube of length 1 m is filled completely with mercury and is inverted in a mercury cup. The barometer reading on a particular day is 76 cm. Suppose a 1 m tube is filled with mercury up to 76 cm. It is inverted in a mercury cup. The height of mercury column in the tube over the surface in the cup will be cSjkehVj cukus ds fy;s] 1 eh. yEch uyh esa ikj Hkj dj] ikjs dh ukn esa mYVk j[k fn;k tkrk gSA fdlh fof'k"V fnu bldk ikB~;kad 76 lseh gSA ekukfd 1 eh. okyh uyh esa 76 lseh ikj Hkjds ,d dkdZ }kjk can dj nh tkrh gSA bldks



ikjs dh ukan eas mYVk djds] dkdZ gVk fn;k tkrk gSA ikjs ds ik=k dh lrg ds lkis{k ikjn~ LrEHk dh Å¡pkbZ gksxhA (A) zero



(B) 76 cm



(C) > 76 cm



(D*) < 76 cm [Q.11/HCV-1/Ch-13/Obj-I]



Sol. Due to the trapped air P0 > O Hence by Patm = P0 + egh = 76 cm of Hg h < 76 cm Ans. (D) 12.



A 20 N metal block is suspended by a spring balance. A beaker containing some water is placed on a weighing machine which reads 40 N. The spring balance is now lowered so that the block gets immersed in the water. The spring balance now reads 16 N. The reading of the weighing machine will be 20 N /kkrq dk ,d xqVdk dekuhnkj rqyk ls yVdk;k x;k gSA ,d chdj esa dqN ikuh Hkj dj ,d Hkkj rksyus dh e'khu ij j[kk x;k gSA ftldk ikB~;kad 40 N gSA dekuhnkj rqyk dks vc bruk uhps yk;k tkrk gS fd xqVdk dk ikuh esa Mqc tkrk gSA vc dekuhnkj rqyk dk ikB~;kad 16 N gSA Hkkj rksyus okyh e'khu ikB~;kad gksxk& (A) 36 N (B) 60 N (C*) 44 N (D) 56 N



13.



A piece of wood is floating in water kept in a bottle. The bottle is connected to an air pump. Neglect the compressibility of water. When more air is pushed into the bottle from the pump, the piece of wood will float with HCV_Ch-13_Obj I_13



cskry esa j[ks ikuh esa ,d ydM+h dk VqdM+k rSj jgk gSA cksry ,d gok iEi ls tqM+h gqbZ gSA ikuh dh laihM~;rk dks ux.; ekfu,A tc iEi ls vkSj gok cksry ds vUnj Mkyh tkrh gS rks ydM+h dk VqdM+k rSjsxkA (A) larger part in the water (C*) same part in the water (A) ikuh esa vf/kd Hkkx (C*) ikuh esa mruk gh Hkkx 14.



(B) lesser part in the water (D) it will sink. (B) ikuh esa de Hkkx (D) ;g Mwc tk;sxkA



A metal cube is placed in an empty vessel. When water is filled in the vessel so that the cube is completely immersed in the water, the force on the bottom of the vessel in contact with the cube (A) will increase (B) will decrease (C*) will remain the same (D) will become zero



,d [kkyh ik=k esa /kkrq dk xqVdk j[kk gqvk gSA tc ik=k esa bruk ikuh Hkjk tkrk gS fd xqVdk iwjk ikuh esa Mqc tkrk gS] ik=k ds iSans esa xqVds ds lEidZ okyh txg ij cy&&& (A) c


A wooden object floats in water kept in a beaker. The object is near a side of the beaker. Let P1, P2, P3 be the pressures at the three points A, B and C of the bottom as shown in the figure.



chdj esa Hkjs gq, ikuh esa yd~M+h dh oLrq rSj jgh gSA oLrq chdj ds ,d fdukjs ij gS ¼ fp=k½A ekukfd iSnsa ds rhu fcUnqvksa A, B rFkk C ij nkcP1, P2, P3 gS&



(A*) P1 = P2 = P3 16.



(B) P1 < P2 < P3



(C) P1 > P2 > P3



(D) P2 = P3  P1



A closed cubical box is completely filled with water and is accelerated horizontally towards right with an acceleration a. The resultant normal force by the water on the top of the box manishkumarphysics.in
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 Chapter # 13 Fluid Mechanics (A) passes through the centre of the top (B) passes through a point to the right of the centre (C*) passes through a point to the left of the centre (D) becomes zero



,d cUn ?kukdkj ckWDl] ikuh ls iwjk Hkjk gqvk gS rFkk ;g {ksfrt fn'kk essa nk;hA vksj Roj.k  ls Rofjr xfr dj jgk gSA ikuh ds }kjk] ckWDl ds Åij 


Consider the situation of the previous problem. Let the water push the left wall by a force F1 and the right wall by a force F2. (A) F1 = F2 (B*) F1 > F2 (C) F1 < F2 (D) The information is insufficient to know the relation between F1 and F2 Consider the situation of the previous problem. Let the water push the left wall by a force F1 and the right wall by a force F2. (A) F1 = F2 (B*) F1 > F2 (C) F1 < F2 (D) The information is insufficient to know the relation between F1 and F2



18.



Water enters through end A with a speed v1 and leaves through end B with a speed v2 of a cylindrical tube AB. The tube is always completely filled with water. In case  the tube is horizontal, in case  it vertical with the end A upward and in case it is vertical with the end B upward. We have v1 = v2 for ,d csyukdkj uyh AB esa ikuh A fljs ij v1 pky ls izos'k rFkk B fljs ls v2 pky ls ckgj fudyrkgSA uyh ges'kk ikuh ls Hkjh jgrh gSA izFke izdj.k esa uyh {kSfrt gS] f}rh; izdj.k esa ;g m/okZ/kj gS rFkk A fljk mij gS rFkk r`rh; izdj.k esa fljk B mij gSA v1 = v2 gksxk HCV_Ch-13_Obj I_18 (A) case  (B) case  (C) case  (D*) each case (A) izdj.k  esa (B) izdj.k esa (C) izdj.k  esa (D*) izR;sd izdj.k esa



19.



Bernoulli’s theorem is based on conservation of (A) momentum (B) mass



(C*) energy



cuksZyhl izes; fuEu ds lja{k.k ij vk/kkfjr gS& (A) laosx (B) nzO;ku (C*) ÅtkZ



(D) angular momentum (D) dks.kh;



laosx



20.



Water is flowing through a long horizontal tube. Let PA and PB be the pressures at two points A and B of the tube (A) PA must be equal to PB (B) PA must be greater than PB (C) PA must be smaller than PB (D*) PA = PB only if the cross-sectional area at A and B are equal ,d yEch {ksfrt uyh ls ty izokfgr gks jgk gSA ekukfd uyh ds fcUnqvksa A rFkk B ij nkc PA o PB gSAa (A) PA fuf'pr :i ls PB ds cjkcj gksxk A (B) PA fuf'pr :i ls PB ls vf/kd gksxkA (C) PA fuf'pr :i ls PBls de gksxkA (D*) PA = PB dsoy rc gh gksxk A rFkk B ds vuqiLz Fk dkV d {ks=kQy cjkcj gksxas A



21.



Water and mercury are filled in two cylindrical vessels up to same height. Both vessels have a hole in the wall near the bottom. The velocity of water and mercury coming out the holes are v1 and v2 respectively. (A*) v1 = v2 (B) v1 = 13.6 v2 (C) v1 = v2/13.6 (D) v1 = 13.6 v2



nks csyukdkj ik=kksa esa leku Å¡pkbZ rd ikuh rFkk ikjk Hkjs gq, gSA nksuksa ik=kks esa iSnsa ds fudV ,d fNnz gSA fNnzksa ls ckgj gq, ikuh rFkk ikjs ds osx Øe'k% v1 rFkk v2 gSA [HCV_Ch-13_Obj_1_21] (A*) v1 = v2 22.



(B) v1 = 13.6 v2



(C) v1 = v2/13.6



(D) v1 = 13.6 v2



A larger cylindrical tank has a hole of area A at its bottom. Water is poured in the tank by a tube of equal cross-sectional area A ejecting water at the speed v. [HCV_Ch-13_Obj_1_22] (A) The water level in the tank will keep on rising. (B) No water can be stored in the tank (C*) The water level will rise to a height v2/2 g and then stop manishkumarphysics.in
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 Chapter # 13 Fluid Mechanics (D) The water level will oscillate. ,d cgqr cM+h csyukdkj Vadh ds iSnas esa A {ks=kQy dk ,d fNnz gSA jgk gS] uyh ls ikuh v pky ls ckgj vk jgk gS& (A) Vadh esa ikuh dk ry c


,d leku vuqiLz Fk dkV A dh uyh ls Vadh esa ikuh Hkjk



Objective - II 1.



A solid floats in a liquid in a partially dipped position. (A*) the solid exerts a force equal to its weight on the liquid (B*) the liquid exerts a force of buoyancy on the solid which is equal to the weight of the solid (C*) the weight of the displaced liquid equals the weight of the solid (D) the weight of the dipped part of the solid is equal to the weight of the displaced liquid



,d nzo esa] ,d Bksl vkaf'kr :i ls Mwck gqvk rSj jgk gS (A*) Bksl vius Hkkj ds cjkcj cy] nzo ij yxrk gSA (B*) nzo mRikyou cy Bksl ij yxrk gS ftldk eku Bksl ds Hkkj ds cjkcj gSA (C*) gVk;s x;s nzo dk Hkkj] Bksl ds Hkkj ds cjkcj gSA (D) Bksl ds Mqcs gq, Hkkx dk Hkkj] gVk;s x;s nzo ds Hkkj ds cjkcj gSA 2.



The weight of an empty balloon on a spring balance is W 1. The weight becomes W 2 when the balloon is filled with air. Let the weight of the air itself be w. Neglect the thickness of the balloon when it is filled with air. Also neglect the difference in the densities of air inside and outside the balloon. (A*) W 2 = W 1 (B) W 2 = W 1 + w (C*) W 2 < W 1 + w (D) W 2 > W 1 fLizax rqyk ij [kkyh xqCckjs dk Hkkj W 1 gSA tc xqCckjs esa gok Hkjh tkrkh gSA bldk Hkkj W 2 gks tkrk gSA ekukfd ok;q dk Lo;a dk Hkkj  gSA gok ls Hkjs gq, xqCckjs dh eksVkbZ ux.; gSA lkFk gh vUnj o ckgj dh gok ds ?kuRo dk vUrj



Hkh ux.; eku yhft;sA& (A*) W 2 = W 1 3.



(B) W 2 = W 1 + w



(C*) W 2 < W 1 + w



(D) W 2 > W 1



A solid is completely immersed in a liquid. The force exerted by the liquid on the solid will (A) increase if it is pushed deeper inside the liquid (B) change if its orientation is changed (C*) decrease if it is taken partially out of the liquid (D*) be in the vertically upward direction



,d Bksl iwjk nzo esa Mqck;k tkrk gSA nzo ds }kjk Bksl ij yxk;k x;k cy& (A) cqdko ifjofrZr fd;k tk;sA (C*) de gksxk] ;fn bldk vkaf'kd :i ls nzo ds ckgj fudkyk tk;sA (D*) m/okZ/kj Åij dh vksj gksxk A 4.



A closed vessel is half filled with water. There is a hole near the top of the vessel and air is pumped out from this hole (A) the water level will rise up in the vessel (B*) the pressure at the surface of the water will decrease (C*) the force by the water on the bottom of the vessel will decrease (D) the density of the liquid will decrease



,d cUn ik=k vk/kk ikuh ls Hkjk gqvk gSA ik=k esa Åij dh vksj ,d fNnz gS rFkk bl fNnz ls lEiw.kZ ok;q iEi }kjk ckgj fudky yh tkrh gS& (A) ik=k esa ikuh dk ry c
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 Chapter # 13 Fluid Mechanics 5. In a streamline flow, HCV_Ch-13_Obj II_5 (A) the speed of a particle always remains same (B) the velocity of a particle always remains same (C*) the kinetic energies of all the particles arriving at a given point are the same (D*) the momenta of all the particles arriving at a given point are the same



/kkjk js[kh; izokg esa (A) d.k dh pky ges' kk fu;r jgrh gS (B) d.k dk osx ges'kk fur; jgrk gSA (C*) fn;s x;s fcUnq ij igq¡pus okys lHkh d.kksa dh xfrt ÅtkZ leku gSA (D*) fn;s x;s fcUnq ij igq¡pus okys lHkh d.kksa dk lao sx leku gSA 6.



Water flows through two identical tubes A and B. A volume V0 of water passes through the tube A and 2V0 through B in a given time. Which of the following may be correct ? (A*) flow in both the tubes are steady (B*) flow in both the tubes are turbulent (C*) flow in steady in A but turbulent in B (D) flow is steady in B but turbulent in A ,d tSlh nks ufy;ksa A o B ls ikuh izokfgr gks jgk gSA fdlh fn;s x;s le; esa uyh A ls ikuh dk V0 vk;ru izokfgr gksrk gSA rFkk uyh B ls 2V0 A fuEu esa ls dkSulk lR; gks ldrk gS& (A*) nksu ksa ufy;ksa esa izo kg (B*) nksuksa gh ufy;ksa esa izo kg /kkjk js[kh; gksxk A (C*) A esa izokg /kkjk js[kh; fdUrq B esa izokg fo{kqC/k gksxk A (D) B esa izokg /kkjk js[kh; fdUrq A esa izokg fo{kqC/k gksxkA



7.



Water is flowing in streamline motion through a tube with its axis horizontal. Consider two points A and B in the tube at the same horizontal level. (A) the pressures at A and B are equal for any shape of the tube (B) the pressures are never equal (C*) the pressure are equal if the tube has a uniform cross-section (D*) the pressures may be equal even if the tube has a nonuniform cross-section. {ksfrt v{k okyh uyh ls ty dk /kkjk js[kh; izokg gks jgk gSA uyh esa ,d gh {ksfrt ry nks fcUnqvks A rFkk B ij fopkj



dhft;s & (A) uyh dh fdlh Hkh vkd`fr ds fy;s A o B ij nkc ,d leku gksxsaA (B) nkc dHkh Hkh cjkcj gksxasA (C*) ;fn uyh dh vuqizL Fk dkV le:i gS rks nkc ,d leku gksxsaA (D*) ;fn uyh dk vuqizL Fk dkV le:i gS rks nkc leku gks ldrk gSA 8.



There is a small hole near the bottom of an open tank filled with a liquid. The speed of the water ejected does not depend on (A*) area of the hole (B*) density of the liquid (C) height of the liquid from the hole (D) acceleration due to gravity



nzo ls Hkjs gq;h ,d [kqyh Vadh ds iSnsa ds lehi ,d NksVk fNnz gSA fudyus okys ikuh dh pky fuHkZj ugh djrh gS&speed of the water ejected does not depend on (A*) fNnz ds {ks=kQy ij (B*) nzo ds ?kuRo ij (C) fNnz ls nzo dh ÅpkbZ (D) xq:Roh; Roj.k ij



WORKED OUT EXAMPLES 1.



Sol.



A beaker of circular cross-section of radius 4 cm is filled with mercury upto a height of 10 cm. Find the force exerted by the mercury on the bottom of the beaker. The atmospheric pressure = 105 N/m2. Density of mercury = 13600 kg/m3 . Take g = 10 m/s2. ,d chdj ftldk o`Ùkh; dkV {ks=kQy 4 lseh0 f=kT;k dk gS] bldks 10 lseh0 Å¡pkbZ rd ikjs ls Hkjk tkrk gSA ikjs ds }kjk isans ij yxk, x, cy dh x.kuk dhft, \ ok;qe.Myh; nkc = 105 N/m2 ] ikjs dk ?kuRo = 13600 kg/m3 (g = 10 m/s2 ysaA) HCV_Ch-13_WOE_1 The pressure at the surface = atmospheric pressure lrg ij nkc = ok;qe.Myh; nkc = 105 N/m2. The pressure at the bottom (fupys ry ij nkc) = 105 N/m2 + hg = 105 N/m2 + hg manishkumarphysics.in
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kg   m   = 105 N/m2 + (0.1 m) 13600 3  10 2  m   s   5 2 2 = 10 N/m + 13600 N/m = 1.136 × 105 N/m2. The force exerted by the mercury on the bottom



ikjs }kjk fupys ry ij yxk;k x;k cy = (1.136 × 105 N/m2) × (3.14 × 0.04 m × 0.04 m) = 571 N. 2.



Sol.



The density of air near earth’s surface is 1.3 kg/m3 and the atmospheric pressure is 1.0 × 105 N/m2. If the atmosphere had uniform density, same as that observed at the surface of the earth, what would be the height of the atmosphere to exert the same pressure ? Let the uniform density be  and atmospheric height be h. The pressure at the surface of the earth would be p = hg or, 1.0 × 105 N/m2 = (1.3 kg/m3) (9.8 m/s2) h



1.0  10 5 N / m 2 or,



h=



(1.3 kg / m 3 ) (9.8 m / s 2 )



= 7850 m



Even Mount Everest (8848 m) would have been outside the atmosphere. 3.



The liquid shown in figure in the two arms are mercury (specific gravity = 13.6) and water. If the difference of heights of the mercury columns is 2 cm, find the height h of the water column. fp=k esa fn[kkbZ xbZ nksuksa Hkqtkvksa esa ikjk (fof'k"V xq:Ro = 13.6) vkSj ikuh gSA ;fn ikjsa ds LrEHkksa dh Åpk¡bZ;kssa esa 2 cm dk vUrj gks rks ikuh ds LrEHk dh Åpk¡bZ h crkvksA HCV_Ch-13_WOE_3



h 2cm A



Sol.



B



Suppose the atmospheric pressure = P0 ;g ekfu, fd ok;qe.Myh; nkc = P0 gSA kg   Pressure at A = P0 + h 1000 3  g. m  



A ij







nkc = P0 + h 1000 



kg   g. m3 



 kg Pressure at B = P0 + (0.02 m) 13600 3 m 



  g. 



kg   g. m3   These pressures are equal as A and B are at the same horizontal level. Thus, ,d leku {kSfrt Lrj A rFkk B ij nkc leku gSA blfy, h = (0.02 m) 13.6 = 0.27 m = 27 cm.



B ij







nkc = P0 + (0.02 m) 13600



4.



A cylindrical vessel containing a liquid is closed by a smooth piston of mass m as shown in the figure. The area of cross-section of the piston is A. If the atmospheric pressure is P0, find the pressure of the liquid just below the piston.



Sol.



Let the pressure of the liquid just below the piston be P. The forces acting on the piston are (a) its weight, mg (downward) (b) force due to the air above it, P0 A (doward) manishkumarphysics.in
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 Chapter # 13 Fluid Mechanics (c) force due to the liquid below it, PA (upward). If the piston is in equilibrium



or,



PA = P0A + mg mg P = P0 + A



5.



The area of cross-section of the two arms of a hydraulic press are 1 cm2 and 10 cm2 respectively (figure). A force of 5 N is applied on the water in the thinner arm. What force should be applied on the water in the thicker arms so that the water may remain in equilibrium?



Sol.



In equilibrium, the pressures at the two surfaces should be equal as they lie in the same horizontal level. If the atmospheric pressure is P and a force F is applied to maintain the equilibrium, the pressures are 5N F P0 + respectively.. 2 and P0 + 1 cm 10 cm 2 This givens F = 50 N.



6.



A copper piece of mass 10 g is suspended by a vertical spring. The spring elongates 1 cm over its natural length to keep the piece in equilibrium. A beaker containing water is now placed below the piece so as to immerse the piece completely in water. Find the elongation of the spring. Density of copper = 9000 kg/m3. Take g = 10 m/s2.



Ans.



Let the spring constant be k. When the piece is hanging in air, the equilibrium condition gives k (1 cm) = (0.01 kg) (10 m/s) or k (1 cm) = 0.1 N. .............(i) The volume of the copper piece 0.01kg



=



9000 kg / m3



=



1 × 10–5 m3. 9



This is also the volume of water displaced when the piece is immersed in water. The force of buoyancy = weight of the liquid displaced 1 × 10–5 m3 × (1000 kg/m3) × (10 m/s2) 9 = 0.011 N. If the elongation of the spring is x when the piece is immersed in water, the equilibrium condition of the piece gives, kx = 0.1 N – 0.011 N = 0.089 N. ..............(ii) By (i) and (ii),



=



x= 7.



0.089 cm = 0.89 cm. 0 .1



A cubical block of wood of edge 3 cm floats in water. The lower surface of the cube just touches the free end of a vertical spring fixed at the bottom of the pot. Find the maximum weight that can be put on the block without wetting it. Density of wood = 800 kg/m3 and spring constant of the spring = 50 N/m. Take g = 10 m/s2.
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Sol.



The specific gravity of the block = 0.8. Hence the height inside water = 3 cm × 0.8 = 2.4 cm. The height outside ater = 3 cm – 2.4 = 0.6 cm. Suppose the maximum weight that can be put without wetting it is W. The block in this case is completely immersed in the water. The volume of the displaced water = volume of the block = 27 × 10–6 m3. Hence, the force of buoyancy = (27 × 10–6 m3) × 1(1000 kg/m3) × (10 m/s2) = 0.27 N. The spring is compressed by 0.6 cm and hence the upward force exerted by the spring = 50 N/m × 0.6 cm = 0.3 N. The force of buoyancy and the spring force taken together balance the weight of the block plus the weight W put on the block. The weight of the block is W= (27 × 10–6 m) × (800 kg/m3) × (10 m/s2) = 0.22 N. Thus, W = 0.27 N + 0.3 N – 0.22 N = 0.35 N.



8.



A wooden plank of length 1 m and uniform cross-section is hinged at one end to the bottom of a tank as shown in figure. The tank is filled with water up to a height of 0.5 m. The specific gravity of the plank is 0.5. Find the angle  that the plank makes with the vertical in the equilibrium position. (Exclude the case  = 0).



Sol.



The forces acting on the plank are shown in the figure. The height of water level is  = 0.5 m. The length of the plank is 1.0 m = 2. The weight of the plank acts through the centre B of the plank. We have OB = . The buoyant force F acts through the point A which is the middle point of the dipped part OC of the plank.



 OC = 2 cos  . 2 Let the mass per unit length of the plank be . Its weight mg = 2g. We have



OA =



    . The mass of the part OC of the plank =   cos  



The mass of water displaced =



1  2 = . 0.5 cos  cos 



2g . cos  Now, for equilibrium, the torque of mg about O should balance the torque of F about O. So, mg (OB) sin = F(OA) sin



The buoyant force F is, therefore, F =



or,



 2        (2) =   cos    2 cos  



or,



cos2=



or,



cos =



or,



 = 45°.



1 2 1 2



,



manishkumarphysics.in



Page # 11



 Chapter # 13 Fluid Mechanics 9. A cylindrical block of wood of mass M is floating in water with its axis vertical. It is depressed a little and then released. Show that the motion of the block is simple harmonic and find its frequency. Sol.



Suppose a height h of the block is dipped in the water in equilibrium position. If r be the radius of the cylindrical block, the volume of the water diplaced = r2h. For floating in equilibrium,  r2 hg = W ..............(i) where  is the density of water and W the weight of the block. Now suppose during the vertical motion, the block is further dipped through a distance x at some instant. The volume of the displaced water is  r2 (h + x). The forces acting on the block are, the weight W vertically downward and the buoyancy  r2(h + x) g vertically upward. Net force on the block at displacement x from the equilibrium position is F = W – r2 (h + x)g = W – r 2 hg – r2xg Using (i) F = – r2 gx = – kx, where k = r2 g. Thus, the block executes SHM with frequency. v=



1 2



1 k = 2 M



r 2g . M



10.



Water flows in a horizontal tube as shown in figure. The pressure of water changes by 600 N/m2 between A and B where the areas of cross-section are 30 cm2 and 15 cm2 respectively. Find the rate of flow of water through the tube. (W =1000kg/m3)



Sol.



Let the velocity at A = vA and that at B = vB.



vB 30 cm2 By the equation of continuity, v = = 2. 15 cm2 A By Bernoulli’s equation, PA +



1 1  vA2 = PB + vB2 2 2



or,



PA – PB =



or,



600



N m



2



1 1 3 (2vA)2 – vA2 = vA2 2 2 2 =



3 2



 kg 1000 m3 



  v 2  A



or, vA = 0.4 m 2 / s 2 = 0.63 m/s. The rate of flow = (30 cm2) (0.63 m/s) = 1890 cm3/s. 11.



The area of cross-section of a large tank is 0.5 m2. It has an opening near the bottom having area of crosssection 1 cm2. A load of 20 kg is applied on the water at the top. Find the velocity of the water coming out of the opening at the time when the height of water level is 50 cm above the bottom. Take g = 10 m/s2.



Sol.



As the area of cross-section of the tank is large compared to that of the opening, the speed of water in the tank will be very small as compared to the speed at the opening. The pressure at the surface of water in the tank is that due to the atmosphere plus due to the load. manishkumarphysics.in
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Fluid Mechanics PA = P0 +



(20 kg)(10 m / s 2 ) 0.5 m 2



= P0 + 400 N/m2.



At the opening, the pressure is that due to the atmosphere. Using Bernoulli’s equation,



or,



1 1 vA2 = PB + vB2 2 2 P0 + 400 N/m2 + (1000 kg/m3) (10 m/s2) (0.5 m) + 0



or, or,



1 (1000 kg/m3)vB2 2 5400 N/m2 = (500 kg/m3) vB2 vB = 3.3 m/s.



PA + gh +



= P0 +



EXERCISE 1.



The surface of water in a water tank on the top of a house is 4 m above the top level. Find the pressure of water at the tap when the tap is closed. It is necessary to specify that the tap is closed? Take g = 10 m/s2. ,d edku dh Nr ij cuh gqbZ ikuh dh Vadh esa ikuh dh lrg uy ls 4 eh- Åij gSA tc uy can gS rks uy ij ikuh dk nkc Kkr dhft;sA D;k ;g Li"V djuk vko';d gS fd uy can gS \ g = 10 m/s2. 1. 40000 N/m2, Yes



2.



The heights of mercury surfaces in the two arms of the manometer shown in figure are 2 cm and 8 cm. Atmospheric pressure = 1.01 × 105 N/m2. Find (a) the pressure of the gas in the cylinder and (b) the pressure of mercury at the bottom of the U-tube. fp=k esa iznf'kZr nkcekih dh nksuksa Hkqtkvksa esa ikjs dh lrgsa 2 lseh- rFkk 8 lseh- gSA ok;qe.Myh; nkc = 1.01 × 105 U;wVu@eh-2 A Kkr dhft;s % (a) flys.Mj esa Hkjh gqbZ xSl dk nkc rFkk (b) U-uyh ds iSans ij ikjs dk nkc



2. 3.



(a) 1.09 × 105 N/m2



(b) 1.12 × 105 N/m2



The area of cross-section of the wider tube shown in figure is 900 cm2. If the boy standing on the piston weighs 45 kg, find the difference in the levels of water in the two tubes. fp=k esa iznf'kZr pkSM+h uyh dk vuqizLFk dkV 900 lseh-2 gSA ;fn fiLVu dk [kM+s gq, yM+ds dk Hkkj 45 fdxzk- gS] nksuksa



ufy;ksa esa ikuh ds ryksa dk vUrj Kkr dhft;sA



3. 4.



50 cm



A glass full of water has a bottom of area 20 cm2, top of area 20 cm2, height 20 cm and volume half a litre. ikuh ls iwjh rjg Hkjs gq, fxykl ds isna s dk {ks=kQy 20 cm2, Åijh Hkkx dk {ks=kQy 20 cm2 Å¡pkbZ 20 lseh0 rFkk vk;ru



vk/kk yhVj gSA



HCV_Ch-13_Ex._4
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 Chapter # 13 Fluid Mechanics (a) find the force exerted by the water on the bottom.



ikuh ds }kjk isans ij yxk;s x;s cy dk eku Kkr dhft,A (b) Considering the equilibrium of the water, find the resultant force exerted by the sides of the glass on the water. Atmospheric pressure = 1.0 × 105 N/m2. Density of water 1000 kg/m3 and g = 10 m/s2. Take all numbers to be exact. ikuh dh lkE;koLFkk ekurs gq,] fxykl dh nhokjksa }kjk ikuh ij ifj.kkeh cy dk eku Kkr dhft,A ok;qe.Myh; nkc = 1.0 × 105 N/m2 ] ikuh dk ?kuRo 1000 kg/m3 vkSj g = 10 m/s2 yhft,A lHkh la[;kvksa dks Bhd mruk gh ysa] tks nh xbZ



gSaA



Ans. 5.



(a) 204 N



(b) 1 N upward



Suppose the glass of the previous problem is convered by a jar and the air inside the jar is completely pumped out. (a) what will be the answers to the problem? (b) Show that the answers do not change if a glass of different shape is used provided the height, the bottom area and the volume are unchanged.



fiNys iz'u esa of.kZr fxykl ij ,d tkj 


4 N, 1 N upward



6.



If water be used to construct a barometer, what would be the height of water column at standard atmospheric pressure (76 cm of mercury)? ;fn cSjksehVj cukus ds fy;s ikuh dk mi;ksx fd;k tk;s] ekud ok;qe.Myh; nkc (76 lseh- ikjn~ LrEHk) ds fy;s ty LrEHk dh Å¡pkbZ fdruh gksxh ? 6. 1033.6cm



7.



Find the force exerted by the water on a 2 m2 plane surface of a large stone placed at the bottom of a sea 500 m deep. Does the force depend on the orientation of the surface? [Q.7/HCV-1/CH-13/Exercise] [2] 2 leqnz ds iSans esa 500 eh- xgjkbZ ij j[ks gq, ,d cgqr cM+s iRFkj dh 2 eh- lery lrg ij ikuh }kjk yxk;k x;k



cy Kkr dhft;sA D;k cy iRFkj dh lrg ds voueu ij fuHkZj djsxk \ Sol.



P = 1000 × 10 × 500 = 5 × 106 F = PA = (5 × 106) (2) = 107 N. No the force on stone is independent of its orientation. Ans. 107 N, No



8.



Water is fully filled in a closed rectangular tank of size 3 m × 2m × 1m. (a) Find the total force exerted by the water on the bottom surface of the tank. (b) Consider a vertical side of area 2 m × 1 m. Take a horizontal strip of width x metre in this side, stiutated at a depth of x metre from the surface of water. Find the force by the water on this strip. (c) Find the torque of the force calculated in part (b) about the bottom edge of this side. (d) Find the total force by the water on this side. (e) Find the total torque by the water on the side about the bottom edge. do not consider the atmospheric pressure and take g = 10 m/s2. ,d cUn vk;rkdkj VSad ftldk vkdkj 3 eh- × 2 eh- × 1eh- gS] ikuh ls iwjk Hkjk gSA (a) VSad ds isans dh lrg ij dqy cy dk eku Kkr dhft,A (b) 2 m × 1 m {ks=kQy okyh Å/okZ/kj nhokj ij fopkj dhft,A bl nhokj ij x ehVj dh ,d {kSfrt iêh yhft, tksfd ikuh dh Åijh lrg ls x xgjkbZ ij gSA ikuh ds }kjk bl iêh ij yxk, x, cy dk eku Kkr dhft,A (c) Hkkx(b) esa Kkr fd, cy dk bl Hkqtk ds fupys fdukjs ds ifjr% cy vk?kw.kZ dk eku Kkr dhft,A (d) ikuh }kjk bl Hkqtk ij yxk, x, dqy cy dk eku Kkr dhft,A (e) fupys fdukjs ds ifjr% ikuh }kjk yxk, x, dqy cy vk?kw.kZ dk eku Kkr dhft,A ok;qe.Myh; nkc dks ux.; ekfu, rFkk g = 10 m/s2 yhft,A HCV_Ch-13_Ex._8



Make Figure Ans. (a) 60000 N,



(b) 20000 x N (c) 20000 (1 – x)x N-m (d) 10000 N, (e) 10000/3N-m



9.



An ornanment weighing 36 g in air, weighs only 34 g in water. Assuming that some copper is mixed with gold to prepare the ornament, find the amount of copper in it. Specific gravity of gold is 19.3 and that the copper is 8.9. ,d xgus dk ok;q esa Hkkj 36 xzke gS] bldk ty esa Hkkj dsoy 34 xzke gSA eku yhft;s fd xguk cukus ds fy;s lksus esa dqN rkack feyk;k x;k gS] blesa rkacs dh ek=kk Kkr dhft;sA lksus dk vkisf{kd ?kuRo 19.3 rFkk rkacs dk 8.9 gSA 9. 2.2 g



10.



Refer to the previous problem. Suppose, the goldsmith argues that he has not mixed copper or any other material with gold, rather some cavities might have been left inside the ornament. Calculate the volume of the cavities left that will allow the weights given in that problem.



fiNys iz'u ds lanHkZ esa] eku fyft;s fd lqukj ;g dgrk gS fd mlus lksus esa rkack ;k vU; dksbZ /kkrq ugha feykbZ gS] manishkumarphysics.in
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fQj Hkh dqn fjfDrdk,¡ (cavities) dgus ds vUnj jg xbZ gSA iz'u esa fn;k x;k Hkkju gksus ds fy;s fjDfrdkvksa ds dqy vk;ru dh x.kuk dhft;sA 10. 11.



0.112 cm3



A metal piece of mass 160 g lies in equilibrium inside a glass of water. The piece touches the bottom of the glass at a small number of points. If the density of the metal is 8000 kg/m3, find the normal force exerted by the bottom of the glass on the metal piece. ikuh ls Hkjs gq, ,d fxykl esa 160 xzke nzO;eku dk /kkrq dk VqdM+k ikuh ds vUnj lkE;oLFkk esa iM+k gqvk gSA VqdM+k] fxykl ds iSansa dks dqN la[;k esa fcUnqvksa ij gh Li'kZ djrk gsA ;fn /kkrq dk ?kuRo 8000 fdxzk-@eh3 gS] fxykl ds iSans



}kjk /kkrq ds VqdM+s ij yxk;k x;k vfHkyEcor~ cy Kkr dhft;sA



11. 12.



1.4 N



A ferry boat has internal volume 1 m3 and weight 50 kg. (a) Neglecting the thickness of the wood, find the fraction of the volume of the boat immersed in water. (b) If a leak develops in the bottom and water starts coming in, what fraction of the boat’s volume will be filled with water before water starts coming in from the sides ? ,d NksVh uko dk vkarfjd vk;ru 1 eh3 rFkk Hkkj 50 fdxzk gSA (a) ydM+h dh eksVkbZ ux.; ekurs gq,] uko ds vk;ru dk og Hkkx Kkr dhft;sA ikuh esa Mwck gqvk gSA (b) ;fn iSansa esa fjlko gks tkrk gS rFkk ikuh vUnj izfo"V gksus yxrk



gS] rks uko ds fdukjs ls ikuh vUnj vkus ls iwoZ uko ds vk;ru dk fdruk Hkkx ikuh ls Hkj tk;sxkA 12. 13.



(a)



1 19 (b) 20 20



A cubical block of ice floating in water has to support a metal piece weighing 0.5 kg on top of it. What can be the minimum edge of the block so that it does not sink in water? Specific gravity of ice = 0.9. ,d ?kukdkj cQZ dk VqdM+k ikuh esa rSjrk gqvk ,d 0.5 kg Hkkj okys /kkrq ds VqdM+s dks blds mij lgkjk nsrk gSA cQZ ds VqdM+s dh U;wure Hkqtk fdruh gksuh pkfg, rkfd ;g ikuh esa u Mwcs ? cQZ dk fof'k"V xq:Ro = 0.9 HCV_Ch-13_Ex._13



Ans. 14.



(10)51/3 cm = 17 cm



A cube of ice floats partly in water and partly in K.oil. Find the ratio of the volume of ice immersed in water to that in K.oil. Specify gravity of K.oil is 0.8 and that of ice is 0.9.



cQZ ds ,d ?kukdkj VqdM+s dk dqN Hkkx fp=kkuqlkj ty esa rFkk dqN Hkkx dSjkslhu rsy esa Mwck gqvk gSA cQZ ds ty esa Mwcs gq, rFkk dSjkslhu rsy esa Mwcs gq, vk;ruksa dk vuqikr Kkr dhft;sA dSjklhu rys dk vkisf{kd ?kuRo 0.8 rFkk cQZ dk 0.9. gSA



14.



1:1



15.



A cubical box is to be constructed with iron sheets 1 mm in thickness. What can be the minimum value of the external edge so that the cube does not sink in water? Density of iron = 8000 kg/m3 and density of water = 1000 kg/m3. ,d ?kuh; ckWDl dks 1 mm eksVkbZ dh yksgs dh 'khV ls cuk;k tkrk gSA ?ku dh Hkqtk ¼cká fdukjs½ dk U;wure eku D;k gks rkfd ?ku ikuh esa ugha Mqcs ? yksgs dk ?kuRo = 8000 kg/m3 rFkk ikuh dk ?kuRo = 1000 kg/m3. Ans. 4.8 cm



16.



A cubical block of wood weighing 200 g has a lead piece fastened underneath. Find the mass of the lead piece which will just allow the block to float in water. Specific gravity of wood is 0.8 and that of lead is 11.3. 200 xzke nzO;eku ds ydM+h ds ?kukdkj xqVds ds iSnksa esa lhls dk VqdM+k fpidk gqvk gSA lhls ds VqdM+s dk og nzO;eku Kkr dhft;s] ftlls fd ydM+h dk xqVdk ikuh esa rqjar rSjrk jgsA ydM+hdk vkisf{kd ?kuRo 0.8 rFkk lhls dk 11.3



gSA
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 Chapter # 13 Ans. 54.8 g 17.



Fluid Mechanics



Solve the previous problem if the lead piece is fastened on the top surface of the block and the block is to float with its upper surface just dipping into water.



fiNys iz'u dks gy dhft;s] ;fn lhls dk VqdM+k] ydM+h ds xqVds dh Åijh lrg ij fpidk;k x;k gS] rFkk xqVdk ikuh esa bl izdkj Mwck gqvk gS fd mldh Åij lrg ikuh esa rqjar Mwch gqbZ gSA 17. 18.



50 g



A cubical metal block of edge 12 cm floats in mercury with one fifth of the height insde the mercury. Water is poured till the surface of the block is just immersed in it. Find the height of the water column to be poured. Specific gravity of mercury = 13.6. 12 lseh Hkqtk okyk /kkrq dk ?kukdkj CykWd ikjs esa rSj jgk gS] bldh Å¡pkbZ dk ik¡pok fgLlk ikjs ds vUnj gSA ikuh



rc rd Hkjk tkrk gSA tc rd fd CykWd blls Mwc u tk;sA Hkjs x;s ikuh ds LrEHk dh Å¡pkbZ Kkr dhft;sA ikjs dk fof'k"V ?kuRo = 13.6 gSA 18. 19.



10.4 cm



A hollow spherical body of inner and outer radii 6 cm and 8 cm respectively floats half submerged in water. Find the density of the material of the sphere. ,d [kks[kyh xksykdkj oLrq dh vkarfjd ,oa cká f=kT;k,¡ Øe'k% 6 lseh rFkk 8 lseh gS] ;g ikuh esa vk/ks Mwcs gq, Hkkx



ds lkFk rSjrh gSaA xksys ds inkFkZ dk ?kuRo Kkr dhft;sA 19. 20.



865 kg/m3



A solid sphere of radius 5 cm floats in water. If a maximum load of 0.1 kg can be put on it without wetting the load, find the specific gravity of the material of the sphere. 5 lseh f=kT;k okyk Bksl xksyk ikuh esa rSj jgk gSA ;fn bl ij vf/kdre Hkkj 0.1 fdxzk bl izdkj j[kk tk ldrk gS



fd Hkkj Hkhys ugha] xksys ds inkFkZ dk fof'k"V ?kuRo Kkr dhft;sA 20. 21.



22.



0.8



Find the ratio of the weights, as measured by a spring balance, of a 1 kg block of iron and a 1 kg block of wood. Density of iron = 7800 kg/m3, density of wood = 800 kg/m3 and density of air = 1.293 km/m3. 1 fdxzk yksgs ds CykWd rFkk 1 fdxzk ydM+h ds CykWd ds fLizax rqyk ls ekis x;s Hkkjksa dk vuqikr Kkr dhft;sA yksgs dk ?kuRo = 7800 fdxzk/eh3, ydM+h dk ?kuRo = 800 fdxzk/eh3 ,oa ok;q dk ?kuRo = 1.293 fdxzk@eh3 21. 1.0015 A cylindrical object of out diameter 20 cm and mass 2 kg floats in water with its axis vertical. If it is slightly depressed and then released, find the time period of the resulting simple harmonic motion of the object. 20 lseh O;kl rFkk 2 fdxzk nzO;eku okyh csyukdkj oLrq ikuh esa bl izdkj rSj jgh gS fd bldh v{k m/okZ/kj gSA ;fn



bldks FkksM+k lk nck dj NksM+ fn;k tk;s] rks oLrq ds gksus okys ljy vkorhZ nksyuksa dk vkorZdky Kkr dhft;sA 22. 23.



0.5 s



A cylindrical object of outer diameter 10 cm, height 20 cm and density 8000 kg/m3 is supported by a vertical spring and is half dipped in water as shown in figure. (a) Find the elongation of the spring in equilibrium condition. (b) If the object is slightly depressed and released, find the time period of resulting oscillations of the object. The spring constant = 500 N/m. ,d csyukdkj oLrq dk cká O;kl 10 lseh] Å¡pkbZ 20 lseh rFkk ?kuRo 8000 fdxzk/eh3 gS] bldks ,d m/okZ/kj fLizax ls yVdkdj fp=kkuqlkj vk/kk ikuh esa Mqck;k x;k gSA (a) lkE;koLFkk esa fLizax dk izlj.k Kkr dhft;sA (b) ;fn oLrq



dks FkksM+k lk nckdj NksM+ fn;k tk;s] rks oLrq ds ifj.kkeh nksyuksa dk vkorZdky Kkr dhft;sA fLizax fu;rkad = 500 U;wVu /eh.



23. 24.



(a) 23.5 cm



(b) 0.93 s



A wooden block of mass 0.5 kg and density 800 kg/m3 is fastened to the free end of a vertical spring of spring constant 50 N/m fixed at the bottom. If the entire system is completely immersed in water, find (a) the elongation (or compression) of the spring in equilibrium and (b) the time period of vertical oscillations of the block when it is slightly depressed and released.



,d m/okZ/kj fLiax dk fupyk fljk fLFkj gS rFkk blds eqDr fljs ls ydM+h dk xqVdk fpidk;k x;k gS ftldk nzO;eku 0.5 fdxzk rFkk ?kuRo 800 fdxzk/eh3 gSA ;fn lEiw.kZ fudk; ikuh esa Mqcks fn;k tk;s] Kkr dhft;s % (a) lkE;koLFkk esa manishkumarphysics.in
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Fluid Mechanics



fLizax dk izlj.k ¼;k ladqpu½ rFkk (b) tc xqVds dks FkksM+k lk nck dj NksM+ fn;k tkrk gS rks blds m/okZ/kj nksyuksa dk vkorZdkyA 24. 25.



(a) 2.5 cm (b) /5s



A cube of ice of edge 4 cm is placed in an empty cylindrical glass of inner diameter 6 cm. Assume that the ice melts uniformly from each side so that it always retains its cubical shape. Remembering that ice is lighter than water, find the length of the edge of the ice cube at the instant it just leaves contact with the bottom of the glass. ,d [kkyh csyukdkj fxykl dh vkarfjd f=kT;k 6 lseh gS] blesa 4 lseh Hkqtk okyk cQZ dk ?ku j[kk gqvk gSA eku yhft;s



fd cQZ leku :i ls bl izdkj fi?kyrk gS fd bldh vkÑfr lnSo ?kukdkj gh jgrh gSA ftl {k.k ij bldk fxykl ds iSansa ls laidZ lekIr gks tkrk gSA] ml {k.k ij cQZ ds ?ku dh Hkqtk dh yEckbZ Kkr dhft;sA 25. 26.



2.26 cm



A U-tube containing a liquid is accelerated horizontally with a constant acceleration a0. If the separation between the vertical limbs is , find the difference in the heights of the liquid in the two arms. nzo ls Hkjh gqbZ ,d U-uyh {ksfrt&fn'kk esa fu;r Roj.k a0 ls xfr'khy gSA ;fn m/okZ/kj Hkqtkvksa dk varjky gS] nksuksa



Hkqtkvksa esa nzo dh Å¡pkbZ;ksa dk vUrj Kkr dhft;sA 26. 27.



a0/g



At Deoprayag (Garhwal, UP) river Alaknanda mixes with the river Bhagirathi and becomes river Ganga. Suppose Alaknanda has a width of 12 m, Bhagirathi has a width of 8 m and Ganga has a width of 16 m. Assume that the depth of water is same in the three rivers. Let the average speed of water in Alaknanda be 20 km/h and in Bhagirathi be 16 km/h. Find the average speed of water in the river Ganga.



nso iz;kx ¼x


23 km/h



Water flows through a horizontal tube of variable cross-section (figure). The area of cross-section at A and B are 4 mm2 and 2 mm2 respectively. If 1 cc of water enters per second through A, find (a) the speed of water at A, (b) the speed of water at B and (c) the pressure difference PA – PB. ,d ifjorZu'khy vuqiLz Fk dkV okyh {kSfrt uyh esa ikuh izokfgr gks jgk gS ¼fp=k½ A A rFkk B ij vuqiLz Fk dkV {ks=kQy Øe'k% 4 feeh2 rFkk 2 feeh2 gSA ;fn A ,d ?ku lseh ikuh izfr lsd.M izfo"V gksrk gS] Kkr dhft;s % (a) A ij ikuh dh pky (b) B ij ikuh dh pky rFkk (c) nkckUrj PA – PB



28.



(a) 25 cm/s,



(b) 50 cm/s



(c) 94 N/m2



29.



Suppose the tube in the previous problem is kept vertical with A upward but the other conditions remain the same. The separation between the cross-section at A and B is 15/16 cm. Repeat parts (a), (b) and (c) of the previous problem. Take g = 10 m/s2. ekuk fd fiNys iz'u esa of.kZr uyh m/okZ/kj j[kh tkrh gS] fljk A Åij gS] fdUrq vU; ifjfLFkfr;k¡ ogh gSA vuqizLFk dkVksa A rFkk B ds e/; vUrjky 15/16 lseh gSA fiNys iz'u ds Hkkx (a), (b) rFkk (c) dks nksgjkb;sA (g = 10 m/s2) 29. (a) 25 cm/s, (b) 50 cm/s (c) zero



30.



Suppose the tube in the previous problem is kept vertical with B upward. Water enters through B at the rate of 1 cm3/s. Repeat part (a), (b) and (c). Note that the speed decreases as the water falls down. ekuk fd fiNys iz'u esa uyh B dks Åij j[krs gq, m/okZ/kj j[kh tkrh gSA ikuh B ls 1 lseh3/ls- dh nj ls izfo"V gksrk gSA Hkkx (a), (b) rFkk (c) nksgjkb;sA /;ku jgs fd tSls&tSls ikuh uhps fxjrk gSA pky de gksrh gSA 30. (a) 25 cm/s, (b) 50 cm/s (c) 188 N/m2 Water flows through a tube shown in figure. The areas of cross-section at A and B are 1 cm2 and 0.5 cm2 respectively. The height difference between A and B is 5 cm. If the speed of water at A is 10 cm/s find (a) the speed at B and (b) the difference in pressures at A and B. fp=k esa iznf'kZr uyh esa ikuh izokfgr gks jgk gSA A rFkk B ij vuqizLFk&dkVksa ds {ks=kQy Øe'k% 1 lseh2 rFkk 0.5 lseh2 gSA ;fn A rFkk B dh Å¡pkbZ;ksa dk vUrj 5 lseh gSA ;fn A ij ikuh dh pky 10 lseh@ls gS] Kkr dhft;s % (a) B ij pky rFkk (b) A rFkk B ij nkcksa dk vUrj



31.
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31. 32.



Fluid Mechanics



(a) 20 cm/s,



(b) 485 N/m2



Water flows through a horizontal tube as shown in figure. If the difference of heights of water column in the vertical tubes is 2 cm, and the areas of cross-section at A and B are 4 cm2 and 2 cm2 respectively, find the rate of flows of water across any section.



fp=k esa n'kkZ;h x;h {ksfrt uyh ls ikuh izokfgr gks jgk gSA ;fn m/okZ/kj ufy;ksa esa ikuh ds LrEHkksa dh Å¡pkbZ;ksa dk vUrj 2 lseh gS rFkk A o B ij vuqiLz Fk dkV ds {ks=kQy Øe'k% 4 lseh-2 o 2 lseh-2 gS] fdlh Hkh vuqiLz Fk dkV ls ikuh ds izokg dh nj Kkr dhft;sA



32. 33.



Water flows through the tube shown in figure. The areas of cross-section of the wide and the narrow portion of the tube are 5 cm2 and 2 cm2 respectively. The rate of flow of water through the tube is 500 cm3/s. Find the difference of mercury levels in the U-tube. fp=k esa iznf'kZr uyh ls ikuh izokfgr gks jgk gSA uyh ds pkSM+s o lqdM+s Hkkxksa ds vuqizLFk dkV {ks=kQy Øe'k% 5 lseh2 rFkk 2 lseh2 gSA uyh ls ikuh ds izokg dh nj 500 lseh3/ls gSA U-uyh esa ikjs ds ryksa dk vUrj Kkr dhft;sA



33. 34.



146 cc/s,



2.13 cm



Water leaks out from an open tank through a hole of area 2 mm2 in the bottom. Suppose water is filled up to a height of 80 cm and the area of cross-section of the tank is 0.4 m2.The pressure at the open surface and at the hole are equal to the atmospheric pressure. Neglect the small velocity of the water near the open surface in the tank. (a) Find the initial speed of water coming out of the hole. (b) Find the speed of water coming out when half of water has leaked out. (c) Find the volume of water leaked out during a time interval dt after the height remained is h. Thus find the decrease in height dh in terms of h and dt. (d) From the result of part (c) find the time required for half of the water to leak out. ,d [kqys Vsad ds iSans esa 2 feeh2 {ks=kQy ds fNnz ls ikuh fjl jgk gSA ekuk fd Hkjs gq, ikuh dh Å¡pkbZ 80 lseh rFkk Vsad dk vuqizLFk dkV {ks=kQy 0.4 eh2 gSA eqDr lrg rFkk fNnz ij nkc ,d leku gS ,oa ok;qe.Myh; nkc ds cjkcj gSA Vsd a dh [kqyh lrg ds lehi ikuh ds vYi osx dks ux.; eku yhft;sA (a) fNnz ls ckgj fudy jgs ikuh dh izkjfEHkd pky Kkr dhft;sA (b) vk/kk ikuh fudy tkus ds i'pkr~ ckgj vkus okys ikuh dh pky Kkr dhft;sA (c) h Å¡pkbZ 'ks"k jgus ds i'pkr~ dt le; esa ckgj fudyus okys ikuh dk vk;ru Kkr dhft;sA rn~uqlkj h rFkk dt ds inksa esa Å¡pkbZ esa deh dh Kkr dhft;sA (d) Hkkx (c) ds ifj.kke ls vk/ks ikuh ds fjlko es ayxus okyk le; Kkr dhft;sA 34. (a) 4 m/s,



35.



(b)



8 m/s



(c) (2 mm2)



2gh dt,



2gh × 5 × 10–6 dt



(d) 6.5 hours



Water level is maintained in a cylindrical vessel upto a fixed height H. The vessel is kept on a horizontal plane. At what height above the bottom should a hole be made in the vessel so that the water stream coming out of the hole strikes the horizontal plane at the greatest distance from the vessel (figure). ,d csyukdkj ik=k esa ikuh ds ry dh Å¡pkbZ H fu;r j[kh tkrh gSA ik=k {kSfrt ry ij j[kk gqvk gSA iSansa ls fdruh



Å¡pkbZ ij ik=k esa ,d fNnz fd;k tk;s fd fNnz ls ckgj vkus okys ikuh dh /kkj] {kSfrt ry ij ik=k ls vf/kdre nwjh ij Vdjk, ¼fp=k½



35.
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