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UNIT 1 REVIEW  - SOLUTIONS 
 
1.  a)  Uniform motion (balanced forces) 

   gFF


=  

   gmF =  

    =   (470 kg) (9.81 N/kg)    =   4610.7 N 

    = 4.61 kN 
 

 b)  
t
dv =   tvd =   

         =  (2.80 m/s) (5.50 s)   =   15.4 m 
 
 
 
 
 
2.  a)  Uniform acceleration (unbalanced forces) 

   amFnet




=  

   amFF f




=+  

   ( ) ( )( )62.13587 +=−+F


 

   F


  =  143.7 N 

    = 144 N right 
 
 
 b) 0=iv   ;   62.1=a  m/s2    ;    d



 = 4.40 m    ;    t ? 

   2

2
1 tatvd i




+=    25.0 tad =    
a

dt
5.0

2 =  

   
a

dt
5.0

=    =   ( )62.15.0
4.4    =   2.33 s 

F 

Fg = mg 

470 kg 

F Ff  = −87.0 N 35.0 kg 

a  = 1.62 m/s2 

Ref:  Right +, Left − 
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3.  m = 1400 kg   ;    
s
mvi 3600

100036×=
   =  10 m/s 

 sNI ⋅×−= 31050.7


   ;     fv  ? 
 

  vmtFI 



∆=∆=    
m
Iv




=∆    =   
1400

1050.7 3×−   =  −5.357 m/s 

 
  if vvv 

−=∆    if vvv 

+∆=   
        =   (−5.357 m/s)  +  (10 m/s)  =   4.64 m/s  East 
 
 
 
4.  m = 0.620 kg   ;    iv   =  −18.4 m/s    ;     fv  = 11.7 m/s 

 t = 330 × 10−3 s   =   0.330 s  
 

 a)  2

2
1

iik mvE =    =   0.5 (0.620 kg) (18.4 m/s)2   =   104.9536 J 

  2

2
1

ffk mvE =    =   0.5 (0.620 kg) (11.7 m/s)2   =   42.4359 J 

 
  ikfkk EEE −=∆    =   (42.4359 J)  −  (104.9536 J)   =   −62.5 J 

  Thus, the ball lost 62.5 J of kinetic energy. 
 
 
 
 b)  Method 1:  vmtF 



∆=∆    

   
t
vmF

∆
∆

=




   =   
( )

t
vvm if

∆

−


  =  ( )
330.0

7.114.18620.0 −−    =   −56.6 N   =   56.6 N West 

 
 
  Method 2: 

   
t

vv
a if





−
=    =   

330.0
7.114.18 −−    =   −91.212 m/s2 

 
   amFnet





=    =   0.62 kg (−91.212 m/s2)   =  −56.6 N   =   56.6 N West 

Ref:  East +, West − 

Ref:  Up +, Down − 
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5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 a)  Impulse  =   total area for the first 12 seconds 

    = A1  +  A2 

    = (8 s) (40 N)   +   0.5 (4 s) (40 N)    =   400 N⋅s 
 
  Since   iv  = 0   (starts at rest), 

   vmtFI 



∆=∆=    ( )if vvmI 



−=   fvmI =  

   
fv

Im =     =   
75.7

400    =   52 kg 

 

 b)  Impulse  =   total area for the entire 30 seconds 

    = A1  +  A2  +  A3  +  A4  

    = (8 s) (40 N)   +   0.5 (4 s) (40 N)   +   0.5 (6 s) (−50 N)  +  (12 s) (−50 N) 

    = −350 N⋅s 
 
  vmI 



∆=    pI 



∆=  
 
  Thus, the impulse is the change in momentum of the object. 

   p∆   =  350 N⋅s 
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6.  Impulse ( vmI 



∆= )  is not affected by cushioning. The impulse is the same whether there  
 is an airbag or not. 
 
 Based on the equation   vmtF 



∆=∆  : 

   
t
vmF

∆
∆

=    
t

F
∆

∝
1    Inverse relationship. 

 

 The landing mat increases the time to change the stunt person’s momentum, 
 and thus, it decreases the force on the person. 
 
 
7.  a)  If momentum is conserved, then the total momentum remains constant. 

     fTiT pp 

=  

  Thus, if the total momentum before a collision is 50 kgm/s right, 
  then the total momentum after a collision is 50 kgm/s right. 
 
 
 b)  If momentum is conserved, then the impulse on the objects are equal but opposite 
  (based on Newton’s 3rd Law). Since impulse is change in momentum, it follows that  
  the change in momentum for each object is equal but opposite. 

  Thus, if the change in momentum of piece 1 is 100 kgm/s North,  
  then the change in momentum of piece 2 is 100 kgm/s South. 
 
 
 c)  If momentum is conserved, then the impulse on the objects are equal but opposite 
  (based on Newton’s 3rd Law).  

  Thus,  if the impulse on piece 1 during an explosion is 400 Ns upward,  
  then the impulse on piece 2 during an explosion is 400 Ns downward. 
 
.  
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8.  a)  Conservation of momentum 

  This assumes that the system is isolated 
   (i.e. the net force on the entire system is zero). 
 
 
 
 
 
 

        fTiT pp 

=    

       ffii pppp 2121


+=+   

      ffii vmvmvmvm 22112211


+=+   

   (0.25) (6.0)  +  (0.37) (−10)  =  (0.25) (−4.0)  +  (0.37) v 

          −2.2  =  −1.0  +  0.37 v 

        
37.0

2.1−
=v    =   −3.243 m/s   =   3.2 m/s  left 

 

 b)  To be elastic, total kinetic energy must remain conserved (constant). 

   ikikTik EEE 21 +=    =   2
22

2
11 2

1
2
1

ii vmvm +  

     = 0.5 (0.25) (6)2  +  0.5 (0.37) (10)2   =   23 J 
 

   fkfkTfk EEE 21 +=    =   2
22

2
11 2

1
2
1

ff vmvm +  

     = 0.5 (0.25) (4)2  +  0.5 (0.37) (3.243)2   =   3.9 J 

 

  Since  TfkTik EE ≠  ,  this collision is not elastic.  

  About 19 J was lost due to heat / sound. 

Ref:  Right +, Left − 

0.250 kg 
6.0 m/s 

0.370 kg 
−10.0 m/s Boom! −4.0 m/s 

v ? 

1 1 2 2 
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9.  Conservation of momentum 

       fTiT pp 

=    

    fii ppp 1221


=+  

   fii vmvmvm 

122211 =+  

    ( ) ( ) vMMM 4012 +=+  

     vMM 512 =  

     
M
Mv

5
12

=    =   2.4 m/s 

 
 
 
10.  Since the system starts at rest, the total momentum at the start is zero. 
 Thus, the total momentum at the end must be zero as well (total remains constant) 

 Conservation of momentum  (cannon = 1; ball = 2) 

    fTiT pp 

=    

        ff pp 210 

+=   

         ff vmvm 22110 

+=   

    ff vmvm 2211


−=  

    
1

22
1 m

vm
v f

f





−=    =   ( )( )
90.3144

22090.3
−

−    =   ( )( )
1.140
22090.3

−  

     = −6.12 m/s    =    6.12 m/s backwards 

Ref:  North + 

Ref:  Forward +, Backward − 
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11.  
s
mv

3600
1000581 ×=  = 16.11 m/s   ;   111 vmp =   =  (1300 kg) (16.11 m/s)   =   20,944 kg⋅m/s (West) 

 
s
mv

3600
1000701 ×=  = 19.44 m/s  ;  222 vmp =   =  (1900 kg) (19.44 m/s)   =   36,944 kg⋅m/s  (North) 

 
 Conservation of momentum 

       fTiT pp 

=    

       1221 ppp 

=+  

 Solving the triangle, 

  22
12 944,36944,20 +=p   =  42,468 kg⋅m/s 

  mvp =   
12

12

m
pv =    =   

19001300
468,42
+

  =  13.3 m/s  (or 47.8 km/h) 

  
944,20
944,36tan =θ   ( )764.1tan 1−=θ   =  60.5° N of W  (or  29.5° W of N) 

 
 
12.  Method 1: Using a vector sum triangle 

  Before the explosion, it is at rest (p = 0) 

  After the explosion: 111 vmp =   =  (2 kg) (72 m/s)  =  144 kg⋅m/s  (North) 

       222 vmp =   =  (1.3 kg) (61 m/s)  =  79.3 kg⋅m/s  (East) 

 Conservation of momentum 

     fTiT pp 

=    

          3210 ppp 

++=  

  This means that if you add the three vectors together, 
  you get a zero resultant (i.e. it returns to the start) 

 

 Solving the triangle, 

  22
3 3.79144 +=p   =  164 kg⋅m/s 

  
3.79

144tan =θ   ( )816.1tan 1−=θ   =  61.2° S of W  (or  28.8° W of S) 

p1 = 20,944 

p2 = 36,944 

θ 

p12 

p1 = 144 

p2 = 79.3 

θ 

p3 
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12.  Method 2: Using components  (Ref:  N, E +  ;  S, W −) 
 
  111 vmp =   =  (2 kg) (72 m/s)  =  144 kg⋅m/s  (North) 

    xp1   =  0  ;     yp1   =  144 kg⋅m/s 
 
  222 vmp =   =  (1.3 kg) (61 m/s)  =  79.3 kg⋅m/s  (East) 

    xp2   =  79.3 kg⋅m/s  ;     yp2   =  0 
 
 Momentum is conserved (in the x- and y- axes) 

  fTxiTx pp 

=    xxx ppp 3210 

++=    xp33.7900 

++=  

       3.793 −=xp  kg⋅m/s 

  fTyiTy pp 

=    yyy ppp 3210 

++=    yp301440 

++=  

       1443 −=yp  kg⋅m/s 

 

 Finally, solving the triangle, 

  22
3 3.79144 +=p   =  164 kg⋅m/s 

  
3.79

144tan =θ    

   ( )816.1tan 1−=θ   =  61.2° S of W  (or  28.8° W of S) 

 

 

13.  Momentum is conserved (in the x- and y- axes)  (Ref:  N, E +  ;  S, W −) 
 
      fTxiTx pp 

=     fxfxixix pppp 2121


+=+  

  201315 +=+ x         x = 8 kg⋅m/s 
 
 
       fTyiTy pp 

=     fyfyiyiy pppp 2121


+=+  

  14711 −=+− y         y = 10 kg⋅m/s 

p1 = 144 kg⋅m/s 

p2 = 79.3 kg⋅m/s 

p3y = 144 

p3x = 79.3 

θ 

p3 
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14.  Method 1:   Components   (Ref:  N, E +  ;  S, W −) 
 
 Before the collision: 

  ii vmp 111 =   =  (0.540 kg) (17 m/s)  =  9.18 kg⋅m/s 

    ix1   =  9.18 kg⋅m/s   ;    iy1   =  0 
 
 
 After the collision: 

  ff vmp 222 =   =  (0.680 kg) (11 m/s)  =  7.48 kg⋅m/s 

   
48.7

27cos 2 fx
=°   °= 27cos48.72 fx   =  6.665 kg⋅m/s 

   
48.7

27sin 2 fy
=°   °−= 27sin48.72 fy   =  −3.396 kg⋅m/s 

 
 
 Momentum is conserved (in the x- and y- axes)  

        fTxiTx pp 

=     ffii xxxx 2121


+=+  

  665.6018.9 1 +=+ fx      fx1  = 2.515 kg⋅m/s 
 
 
       fTyiTy pp 

=     ffii yyyy 2121


+=+  

      396.300 1 −=+ fy     fy1   =  3.396 kg⋅m/s 
 
 
 Solving the triangle, 
 
  22

1 396.3515.2 +=fp   =  4.226 kg⋅m/s 

  mvp =   
1

1

m
p

v f=    =   
54.0
226.4   =  7.83 m/s  

  
515.2
396.3tan =θ    

   ( )35.1tan 1−=θ   =  53.5° N of E  (or  36.5° E of N) 

p1i = 9.18 kg⋅m/s 

p2f = 7.48 kg⋅m/s 

x2f  

y2f  
27.0° 

p1f  

x1f  = 2.515 

y1f   =  3.396 

θ 
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 Method 2:  Triangle Method 
 
   ii vmp 111 =   =  (0.540 kg) (17 m/s)  =  9.18 kg⋅m/s 

   ff vmp 222 =   =  (0.680 kg) (11 m/s)  =  7.48 kg⋅m/s 

 

  Conservation of momentum 

     fTiT pp 

=        ffi ppp 211


+=  

 
 
 
 
 
 
 
 
 
 
 
 
 Using the cosine law, 

  Cabbac cos2222 −+=      ( )( ) °−+= 27cos18.948.7218.948.7 222
1 fp  

  ( )( ) °−+= 27cos18.948.7218.948.7 222
1 fp    858.172

1 =fp  

  858.171 =fp   =  4.226 kg⋅m/s 

  mvp =   
1

1

m
p

v f=    =   
54.0
226.4   =  7.83 m/s  

 
 
 Using the sine law, 
 

  
c

C
b

B sinsin
=    

226.4
27sin

48.7
sin °

=
θ    ( )48.7

226.4
27sinsin ⋅






 °

=θ  

 
  8036.0sin =θ    ( )8036.0sin 1−=θ   =  53.5° N of E   (or  36.5° E of N) 

p1f p2f  =  7.48 kgm/s 

p1i  =  9.18 kgm/s 

θ 

27° 

27° 
C B 

A 
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15.  a)  If it is a collision, momentum is conserved. (Assuming it is isolated) 

  Since they stick together, the collision cannot be elastic (in fact, it is perfectly inelastic). 
  Thus, total kinetic energy is not conserved, since energy will be lost due to heat and sound. 
 
 b)  The collision works out to be as follows: 
 
 
 
 
 
 
 
  Momentum is conserved  (total is 10 kgm/s before and after). 

  Total kinetic energy is also conserved (total is 25 J before and after).  
  Thus, the collision is elastic.  
 
 
16.  Since no angles are given, you cannot solve this problem using conservation of momentum. 
 However, since the collision is elastic, total kinetic energy is conserved. 
 
    fkTikT EE =  

    fkfkik EEE 211 +=  

     2
22

2
11

2
11 2

1
2
1

2
1

ffi vmvmvm +=  

        2
22

2
11

2
11 ffi vmvmvm +=  

       ( )( ) ( )( ) 222 5110.8160.8 v+=  

    10805 2 =v  

      2162 =v  

        216=v    =   14.7 m/s 

5.0 m/s 
rest 

Boom! 
rest 

5.0 m/s 

2.0 kg 2.0 kg 


