
 PROBLEM 13.19 
 
 The system shown, consisting of a 20-kg collar A and a 10-kg 

counterweight B, is at rest when a constant 500-N force is applied 
to collar A. (a) Determine the velocity of A just before it hits the 
support at C. (b) Solve part a assuming that the counterweight B 
is replaced by a 98.1-N downward force. Ignore friction and the 
mass of the pulleys. 

 
 
 
 
 
 
 
 
 
SOLUTION 
 
Kinematics 
 Displacement of A, xA = 0.6 m 
 Displacement of B, xB = 2 × 0.6 = 1.2 m 
 
    AB xx 2=  

   AB vv 2=  
  
(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Potential energy, ( ) ( )121212 BBBAAA xxgmxxgmVV −+−=−  

 ( )( ) ( )( )21819106081920 .... +−=  
 0=  
 

Position 1 Position 2 



Kinetic energy, 22
12 2

1

2

1
BBAA vmvmTT +=−  

  ( ) ( )( )22 210
2

1
20

2

1
AA vv +=  

  230 Av=  
 
Fn is the force that does the work on the system which cause the change of position. The work 

done, ∫
2

1
dxFn  is positive if it is in the same direction as the motion. 

 

Energy equation, ( ) ( )1122

2

1
TVTVdxFn +−+=∫  

 ( ) 230060500 Av. +=+  

 m/s  1623.vA =  
 
(b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Potential energy, ( )1212 AAA xxgmVV −=−  

 ( )( )6081920 .. −=  
 Joule  72117.−=  
 

Kinetic energy, 2
12 2

1
AAvmTT =−  

  ( ) 220
2

1
Av=  

  210 Av=  
 

Energy equation, ( ) ( )1122

2

1
TVTVdxFn +−+=∫  

 ( ) ( )( ) 210721172119860500 Av.... +−=−++  

 m/s  4775.vA =  

98.1 N 

Position 1 Position 2 

98.1 N 



 PROBLEM 13.21 
 
 The two blocks shown are released from rest. Neglecting the 

masses of the pulleys and the effect of friction in the pulleys and 
between the blocks and the incline, determine (a) the velocity of 
block A after it has moved 0.5 m, (b) tension in the cable. 

 
 
 
 
 
 
SOLUTION 
 
Kinematics 
 Displacement of A, xA = 0.5 m 

 Displacement of B, xB = 50
3

1
.×  = 

3

50.
 m 

 

    
3
A

B

x
x =  

   
3
A

B

v
v =  

  
(a) 
 
 
 
 
 
 
 
 
 
 
Potential energy, BBAA gxmgxmVV +=− 12  

 ( )( ) ( ) oo 30sin  
3

50
819830sin  5081910 







+−= .
...  

 Joule  98517.−=  
 

Kinetic energy, 22
12 2

1

2

1
BBAA vmvmTT +=−  

  ( ) ( )
2

2

3
8

2

1
10

2

1







+= A
A

v
v  

Position 1 Position 2 

y 

x 

y 

x 



  2

9

49
Av=  

 

Energy equation, ( ) ( )1122

2

1
TVTVdxFn +−+=∫  

 2

9

49
985170 Av. +−=  

 o30   m/s  8181 ∠= .vA  
 
 
(b) 
 Energy equation of block A, 

 ( ) ( )1122

2

1
TVTVdxFn +−+=∫  

 ( )( ) 2

2

1
30sin  50 AAAA vmxgm.T +=− o  

 ( )( ) ( ) ( )( )2818110
2

1
5030sin  8191050 ...T. +−=− o  

  o30  N 99915 ∠= .T  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T y 

x 



 PROBLEM 13.25 
 
 A 300 g block rests on top of a 200 g block supported by but not 

attached to a spring of constant 135 N/m. The upper block is 
suddenly removed. Determine (a) the maximum velocity reached 
by the 200 g block, (b) the maximum height reached by the 200 g 
block.  

 
 
 
 
 
 
SOLUTION 
 
  
 
 
 
 
 
 
 
 
 
 
 
Statics 
Compression height due to (300 g + 200 g),  ( )g..kx 20300 +=  

     
( )

135

81950
0

..
x =  

          m  03630.=  
 
(a)  The maximum velocity will occur while the spring is still in contact with the 200 g block.  
 
 
 
 
 
 
 
 
 
 
 
 

 Fs = kx0 

x0 
k 

Uncompressed position Position 1 

x0 

k 
x 

vmax 

x0 − x 

Uncompressed position Position 1 Position 2 



Potential energy,  ( )( ) Joule  0889003630135
2

1

2

1 22
01 ..kxV ===  

 ( ) ( )( ) ( )( )22
0g 2002 03630135

2

1
81920

2

1
x.x..xxkgxmV −+=−+=  

      0889093852567 2 .x.x. +−=  
  
Therefore, 088900889093852567 2

12 ..x.x.VV −+−=−  

 x.x. 93852567 2 −=  
  
 
Kinetic energy,  01 =T  

 22
g 2002 10

2

1
v.vmT ==  

Therefore, 2
12 10 v.TT =−  

   

Energy equation, ( ) ( )1122

2

1
TVTVdxFn +−+=∫  

 22 10938525670 v.x.x. +−=  
 x.xv 38529675 22 +−=  
 

v is maximum when 0=
dx

dv
  

  385291350
2

.x
dx

dv +−=  

        3852913500 .x +−=  
  m  02180.x =  
 

Therefore,  ( ) ( )021803852902180675 22
max ...v +−=  

 m/s  56550max .v =  

 
 
(b) 
 
 
 
 
 
 
 
 
 
 
 

hmax 

Position 1 Position 2 



Potential energy,  ( )( ) Joule  0889003630135
2

1

2

1 22
01 ..kxV ===  

 ( )( ) maxmaxmaxg 2002 962181920 x.x..gxmV ===  

 
Therefore, 088909621 max12 .x.VV −=−  

 
Kinetic energy,  01 =T  

 02 =T  
   

Energy equation, ( ) ( )1122

2

1
TVTVdxFn +−+=∫  

 0889096210 max .x. −=  

 m  04530max .x =  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 PROBLEM 13.39 
 
 The sphere at A is given a downward velocity v0 and swings in a 

vertical circle of radius l and centre O. Determine the smallest 
velocity v0 for which the sphere will reach point B as it swings 
about point O (a) if AO is a rope, (b) if AO is a slender rod of 
negligible mass. 

 
 
 
 
 
 
SOLUTION 
  
 
 
 
 
 
 
 
 
 
 
 
 
Potential energy, mglVV =− 12  
  

Kinetic energy, 2
0

2
12 2

1

2

1
mvmvTT B −=−  

 

Energy equation, ( ) ( )1122

2

1
TVTVdxFn +−+=∫  

          2
0

2

2

1

2

1
0 mvmvmgl B −+=  

        22
0 2 Bvglv +=  

  
(a)  For minimum vB, tension in the cord is zero. 
  
  
 Free body diagram of sphere at B:  
   
 
 
 

Position 1 Position 2 

vB 

mg 

= 

maB = 
ρ

2
Bmv

 



 
   maF =  

 
ρ

2
Bmv

mg =  

  glvB =2  
 
Substituting into energy equation, 
 glglv += 22

0  

 glv 30 =  

 
(b)  Force in the rod can support the weight of the sphere, R + mg = 0. 
 
 
  
 Free body diagram of sphere at B:  
   
 
 
 

  
ρ

2

0 Bmv=  

  0=Bv  

 Therefore,  022
0 += glv  

  glv 20 =  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

= 

maB = 
ρ

2
Bmv

 

mg 

R 



 PROBLEM 13.45 
 
 A small block slides at a speed v = 3 m/s on a horizontal surface 

at a height h = 1m above the ground. Determine (a) the angle θ at 
which it will leave the cylindrical surface BCD, (b) the distance x 
at which it will hit the ground. Neglect friction and air resistance. 

 
 
 
 
 
 
SOLUTION 
 
Free-body diagram at C     
  
 
 
 
 
 
 
 
 - direction:   maF =  
     nmmg a=θ cos  

        
ρ

θ
2

 cos g Cv
=  

          CC gyv =2       where Cyh =θ cos  

  
 
(a) 
 
 
 
 
 
 
 
 
 
 
 
Potential energy, ( )hymgVV C −=− 12  

 ( )1819 −= Cym.  

  

mgsinθ 
mgcosθ 

mg 

maτ man 

= 

Position 1 Position 2 

yC = hcosθ 



Kinetic energy, 22
12 2

1

2

1
mvmvTT C −=−  

  ( )23
2

1

2

1
mmgyC −=      since CC gyv =2  

     m.my. C 549054 −=  

 

Energy equation, ( ) ( )1122

2

1
TVTVdxFn +−+=∫  

  ( ) m.my.ym. CC 54905418190 −+−=  

  m  97250.yC =  

 
Therefore,     θ cos hyC =  

 97250 cos .=θ  
       o4713.=θ  
 
(b)  
  
 
 
 
 
 
 
Since m  97250.yC = , CC gyv =2  

  ( )97250819 ..=  

   m/s  0893.vC =  

Projectile from C to E (y-coordinate),  ( ) 2

2

1
gttvy YCEC −=−  

 ( ) ( ) 2 819
2

1
 sin13.47 0893 t.t.y EC −=−

o  

 2 9054 71950 t.t.y EC −=−  

 
Since at C,  CEC yy =−  

 97250 9054 71950 2 .t.t. =−  
 s  37790.t =  
 
Projectile from C to E (x-coordinate),  ( ) ( )( ) m  13510.3779 4713 cos 0893 ...tvx xCEC ===−

o  

 
Thus,  ECC xxx −+=   

    135113.47sin  .h += o  
    m  3681.=  

xC = hsinθ xC-E  

yC = hcosθ yC-E  


