TestII PHY2020 Formula sheet

All problems worth 4 points total except #1; parts are worth the stated points.  Do problems 1, 2a, 2b (you must do these) AND any 6 of the remaining 8 problems for full credit.  Perfect score = 29 (1 pt for #1,  4 pts for #2, plus 6 x 4 pts.)  Do more than 6 of the last 8 for 

extra credit (but no one can get more than a perfect score of 29 pts.).

g=9.8 m/s2     100 cm=1 m     39.37 inches=1 m    1 km=1000 m

12 inches=1 foot      5280 feet=1 mile     1 kg = 1000 g

1 hour = 3600 s     G=6.7 10-11 Nm2/kg2   1 J = 1N*m   1 Watt=1 J/s 

Comparison between metric and English units of Force:  1 lb (pound) = 4.45 N

Useful formulas:

Linear:  Espring = ½ kx2        Egrav. potential = mgh (h is the height)

EKinetic Energy = ½ mv2   F=ma      

p(the momentum) = mv  (remember, p and v are vectors, so p has both size and – if it’s important – direction)

If there are no external forces (→ momentum is conserved) and the collision is elastic (→ energy is conserved) if mass m1 hits a stationary mass m2 then 

v1final = v1initial (m1-m2)/( m1+m2)          and v2final = v1initial (2m1)/( m1+m2)

Rotational:  s=rθ    vlinear=(r     alinear=(r     Remember, use radians for θ, (, and ( in these and all formulas below.

1 rotation = 360 o (<- don’t use!) = 2( radians

Erot. Kin. Energy = ½ I(2     L(angular momentum)=I(
I(moment of Inertia) is for a point mass a distance ‘r’ from the axis of rotation=mr2  (If you need a moment of inertia for a special problem – as long as that’s not the question – you will be given it.)

torque = I(         also, torque = F times ‘lever arm’,

where ‘lever arm’ is the distance of closest approach to the axis of rotation of the Force vector extended forwards and backwards.

Density is represented by the Greek letter ρ.  ρ=M/V, 

where M is the mass of the object and V is the volume the object takes up.

circumference of a circle:  2(r, where r is the radius

diameter = 2 * radius
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3 sig figs on all answers – I have given the units for each answer line

(Partial credit:  minus ½ credit for wrong placement of decimal point)

Do Problems 1, 2a, and 2 b

AND any 6 of the remaining 8 problems for full credit.  Perfect score = 29 (1 pt for #1, 4 pts for #2, plus 6 x 4 pts.)  Do more than 6 of the last 8 for 

extra credit (but no one can get more than a perfect score of 29 pts.).

1.  (1 point) If gravity acts in the y-direction and an object is moving in the y-direction (for example falling) with no air friction, is the momentum in the y-direction of the moving object constant (conserved)?  Circle one:  (if you erase/change/etc. – make it clear which you want)

Yes            No

 No

2a.  (2 points) A 5 kg object, vinitial = +3 m/s along a frictionless surface (no external forces), collides and sticks together with a 2 kg object that was initially stationary.  What is the speed after the collision of the two stuck together masses?  

Since they stick, and since momentum is conserved you get vfinal of the combined masses:

pinitial = 5 kg * +3 m/s = pfinal = (5 kg + 2 kg) * vfinal → vfinal = (5/7) * +3 m/s so the speed (magnitude of the velocity) is 2.14 m/s

______________________m/s.

2b.  (2 points)  In problem 2a. just above, how much – if any - of the initial kinetic energy is lost in the collision? (units of Joules) (2 sig figs)

EKEinitial = ½ mv2 = ½ * 5 kg * (3 m/s)2 = 22.5 J

EKEfinal = ½ (5 + 2 kg) * (2.14 m/s)2 = 16.1 J, so the energy lost is 6.4 J, which is 28.6% of EKEinitial 

_____________________J

Choose any 6 of the following 8 problems for full credit – if you wish, you may do more than 6 for extra credit

3.  1 hp (horsepower) = 746 W (1 W = 1 J/s).  Suppose you are driving a 60 hp car.  The power needed to overcome the wind resistance force is proportional to the speed of the car squared, P ~ v2.

If at 50 mph (miles per hour) you are using 40 of the car’s hp to overcome the wind resistance (ignore friction with the road, ignore power consumption for the power steering, air conditioner, etc. parts of the motor), what is the top speed of this car? 

​​​​​​​​​​​​​​​​​______________________mph

vtop speed will be when all 60 hp are going into overcoming the wind resistance.  The power needed is proportional to v2, and 60 hp is 1.5 times 40 hp, 

so 1.5 = (vtop speed/50 mph)2, and vtop speed = 61.2 mph 

4.  The force exerted by a spring that has spring constant ‘k’ is F = - kx, where the 

‘-‘ sign indicates that a compressed spring expands upon release and an expanded spring contracts upon release, i. e. the force is in the opposite direction of the displacement ‘x’ from the relaxed, equilibrium position of the spring.  If a spring has k=125 N/m and x is -0.03 m (spring is compressed), what is the magnitude of the acceleration experienced by a 0.1 kg object at the instant the compressed spring is released?  Units of m/s2 
______________________m/s2
F=ma=kx=(125 N/m)*0.03 m=3.75 N => a=3.75 N/0.1 kg = 37.5 m/s2
5.  A 7 kg object moving at +1.5 m/s runs into a stationary object, mass=10 kg.  The collision is elastic.  There are no external forces, so momentum is conserved.  What is the speed of the target (the 10 kg mass) after the collision?  

To solve this, conserve momentum and kinetic energy.  We did this in class and got the general formula given on the formula sheet, 

v2final = v1initial (2m1)/( m1+m2), so vtarget = 1.5 m/s * (2*7 kg)/(7 + 10 kg)=1.24 m/s

______________________m/s

6.  A wheel with diameter 70 cm is rotating at 5 rotations per second.  How fast (linear speed, in m/s) is the outer rim of the wheel moving?
v=(r   ( = 5 * 2( rad /s = 31.42 rad/s   →   v=31.42 rad/s * 0.35 m = 11.0 m/s  

_____________________m/s

7.  If some rotating object free from external torques and moving at angular speed (=70 rad/s suddenly changes its moment of inertia I from Iinitial to double the initial moment of inertia (i. e. Inew = 2 Iinitial), what is the new (, in units of rad/s?

Free from external torques means angular momentum (L=I() is conserved.  Thus the new ( = 1/2 * 70 rad/s = 35 rad/s, since (new * Inew has to equal the given (initial) ( of 70 rad/s times Iinitial.  This is just like the spinning person in the chair who increases their moment of inertial by moving weights further from the axis of rotation – they slow down when their moment of inertial is bigger so L is conserved.

_________________________rad/s

8.  How much potential energy, in J, does a 4 kg object 7 meters above the ground have (if 0 potential energy is defined as being at the ground level)?

_______________________J

PE = mgh = 4 kg * 9.8 m/s2 * 7 m = 274 J

9.  Consider the picture below.  Block #1 weighs 500 N, #2 weighs 300 N, #3 weighs 200 N; block #1 is 2 m from the fulcrum/pivot point, #2 is 1 m away (both on the left as shown), block #3 is 1 m to the right of the fulcrum, and block #4 is 2 m to the right of the fulcrum.  If all the blocks are to be in equilibrium (no tipping or rotating), what is the weight of block #4, in N?

#1                              #2                                                               #3                                   #4

                                     ^

In equilibrium means no net torques.

sum of torque = 0 = 500 N * 2 m + 300 N * 1 m – 200 N * 1 m - #4 * 2 m => #4 = 550 N 

__________________ N

10.  How many grams of air are in a car trunk, volume 1.4 m3  (the density of air is about 0.0013 g/cm3)

every cm3 of the trunk contains 0.0013 g of air; 1m3 = (100 cm)3  = 106 cm3, so the trunk contains 1.4 m3* 106 cm3/m3 *  0.0013 g/cm3 = 1820 g.

_______________________g

