PHYSICS 120 EXAM II   plus Solutions       PROF ROBBINS

SHOW ALL WORK FOR FULL OR PARTIAL CREDIT IN THE “BLUE” BOOK.

ANSWERS ALONE DO NOT COUNT. YOU MUST SHOW THE PHYSICAL AND MATHEMATICAL LOGIC YOU USED TO ARRIVE AT YOUR CONCLUSION. IE.  Sketch DIRAGRAMS, FIGURES  , SHOWING PHYSICAL CONCEPTS: FORCES,ACCELERATION,ETC. BE SURE TO SET UP ALL EQUATIONS DERIVED FROM PHYSICAL PRINCIPLES AND LAWS. THEN SOLVE  THEM (SHOW HOW YOU ARE DOING THIS)  FOR THE REQUESTED UNKOWNS.

NOTE: point value!
1. (15 pts)
If M = 6.0 kg, what is the tension in the strings?   HINT.  Be careful what angles you choose for components of tension.

[image: image1.wmf]  for 1  we have T1   and T2   for string labeled 2.
                            In the y direction ∑ F =0  and in the same in the x direction
So   for x-direction:   T2cos30 – T1cos60 =0

             y-direction     T2sin30 + T1 sin60 – mg  =0

                       or   :   0.866T2 – 0.5T1 =0

             y-direction     0.5T2 + 0.866T1  – 58.8 N  =0   or  solving  T1~50.9N   and T2~29.4
2. (15 pts)
In the figure shown, the coefficient of kinetic friction between the block and the incline is 0.40. What is the magnitude of the acceleration of the suspended block as it falls  (note: its falling!) ? Disregard any pulley mass or friction in the pulley.

[image: image2.wmf]
For 2M block with T the tension in the string applying Newton’s 2nd Law ∑F=ma in this case

We have W-T=ma or for mass of 2M we have 2Mg-T=2Ma

For the incline we have T-Mgsin40-Ffric =Ma    but Ffric  =µn=µMgcos40
Or                                       T-Mgsin40-.4Mgcos40 =Ma  adding both equations with T cancels it

And we get    2Mg-Mgsin40-.4Mgcos40=2Ma+Ma…M CANCELS LEAVING

                      2g-0.643g-0.306g = 3a   or a = 1.051g/3   = 3.4m/s2
3. (10 pts)
A roller-coaster car has a mass of 500 kg when fully loaded with passengers. At the bottom of a circular dip of radius 40 m (as shown in the figure) the car has a speed of 16 m/s. What is the magnitude of the force of the track on the car at the bottom of the dip?

[image: image3.wmf]
FORCES AT THE BOTTOM  WEIGHT, W,  DOWN AND NORMAL FORCE ,N, UP (REACTION FORCE) TOTAL FORCE MUST EQUAL CENTRIPETAL TO KEEP CAR  IN THE CIRCLE
N-W=FC      OR N-mg = mv2 / r        

N=mg+mv2 /r  = 500kg*9.8m/s2  + 500kg * (16m/s)2 /40 m = 4900N + 3200N = 8100N=8.1kN
4. (10 pts)
A boy on board a cruise ship drops a 30.0 gm marble into the ocean. If the resistive force proportionality constant is 0.500 kg/s, what is the terminal speed of the marble in m/s?

           SINCE THE MARBLE REACHED TERMINAL VELOCITY THE NET FORCE =0..THE FORCES ARE THE WEIGHT DOWN AND THE RESISTIVE FORCE UP. HERE WE ARE GIVEN THE PROPORTIONALITY CONSTANT OR b IN THE EQUATION   FRESITIVE =-bv..

Sum of the forces =   mg –bv =0   hence v= mg/b= 0.030kg *9.8m/s2  / 0.500kg/s  =0.588m/s
5. ( 5 pts)   A force acting on an object moving along the x axis is given by


Fx = (14x – 3.0x2) N

where x is in m. How much work is done by this force as the object moves from x = –1 m to x = +2 m?   Hint: recall   Sxn dx   =  xn+1  / (n+1)
Work = S f dx  =  S 14x dx   - S 3x2 dx = 14x2 /2]-1+2     - 3x3/3 ]-1+2 

= 7( 22 –(-1)2 )-  (23 – (-1)3 )= 7(4-1) - (8+1) 

=7(3) -(9) =21-9 =12 J 
6. (10 pts) A 10-kg block on a horizontal frictionless surface is attached to a light spring (force constant = 1.2 kN/m). The block is initially at rest at its equilibrium position when a force (magnitude P) acting parallel to the surface is applied to the block, as shown. When the block is 8.0 cm from the equilibrium position, it has a speed of 0.80 m/s. How much work is done on the block by the force P as the block moves the 8.0 cm?  Hint: Think Energy
[image: image4.wmf]
Initial at the equilibrium point..there is no energy so the force P is doing work to change the energy of the block..at the point of 8 cm the block has kinetic energy (v=0.8m/s) and the spring has stored energy since it stretched 8cm (x=0.08m)  ½ kx2  k=1.2 kN/m  

Hence Work by P, W=E= ½ mv2 + 1/2kx2 = ½ 10kg (0.8m/s)2 + ½ 1.2kN/m (0.08m)2  

                                                                      5 (0.64) kg m2 /s2  + 0.6 (.0064) kNm  

                                                                   Note: kgm/s2 =N & Nm=J also kNm=kJ=1000J

                                                                Hence = 3.2J +3.84J =7.04J =7.0J   to 2 digit accuracy
7.  (10pts)       Two vectors 
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.  What is the angle between them if they are starting from the same point?

Definition of Dot Product  is    
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|cos AB  =(COMPONENT FORM)=  AxBx  +AyBy
You have the components in the problem and you get the magnitude of each vector from the Pythagorean theorem  so you can then solve for the cosine

|
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|  = (42  +82)1/2   = 8.94    |
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|= (62 +(-2)2)1/2   = 6.32    &)=  AxBx  +AyBy  =4*6 +8*-2  = 24-16 =8

 Hence   cos AB  =)=  (AxBx  +AyBy) / (|
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|)   =  8/ (8.94*6.32) =0.142 OR AB  = 81.9O ~ 82O
8. (10 pts) A rain cloud contains 2.66 x107 kg of water vapor. How long would it take for a 2.0 kW pump to lift the same amount of water to an altitude of 2000 m ?  Hint: “Rome was not built in a day!”
We need to pump the water to 2000m or raise it’s potential energy by doing work in a given time…

Work/time = power   hence the time = work /power     
work=mgh  =2.66 x107 kg*9.8m/s2*2000m=5.214 x 1011 Nm or 5.214 x 1011 J
power = 2.0 kW=2000J/s   hence time = 5.214 x 1011 J/2000J/s   =2.6068 x 108 s 

is this a long time…let’s see….1yr = 365.25days * 24hrs/day * 3600s/day = 3.16 x 106 s

or time = 2.6068 x 108 s  /= 3.16 x 106 s/yr  =8.26yr
9. (20pts) A 1.2-kg mass is projected down a rough vertical  circular track (radius = 2.0 m) as shown. The speed of the mass at point A is 3.2 m/s, and at point B, it is 6.0 m/s. 
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 a. How much work is done on the mass between A and B by the force of kinetic friction?  Hint: Think Energy -10pts 
Consider the Energies at point A and B..  at A relative to B at 2 m height there is Gravitational Potential and since it is also moving at A there is Kinetic Energy..  at B there is only Kinetic..if there was no loss than the total energy would be the same at A and B..but friction took energy away during the travels from A to B.. hence the difference in energy A-B = loss due to friction..

          EA  = mgh +1/2mvA2= 1.2kg*9.8m/s2 * 2m + ½  1.2kg (3.2m/s)2  = 23.52J +6.14J=29.7J

         EB= 1/2mvB2 = ½ 1.2kg (6.0m/s)2 = 21.6J   hence loss due to friction is 8.1J
b. Assuming the frictional force was constant from A to B then what is the value of that force.(10pts)
Assuming a linear motion than the Work done by friction is simple Ffric x  where x=distance traveled

Here x = ¼ of a circle or radius 2m  or x = 2r/4 =3.14m

Hence Ffric x  =8.1J or Ffric =8.1J/3.14m= 2.6N
Hint: since the displacement and force change direction together assume the motion was a straight line for this part. 
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