Chapter 7

1. Walker3 7.P.047. [549629] Show Details A candy bar has a mass of 0.048 kg and a calorie rating of 205 Cal. What speed would this candy bar have if its kinetic energy were equal to its metabolic energy. [Note: The nutritional calorie, 1 Cal, is equivalent to 1000 calories (1000 cal) as defined in physics. In addition, the conversion factor between calories and joules is as follows: 1 Cal = 1000 cal = 1 kcal = 4186 J.] [image: image1.png]


5.98 km/s

[Answer]

Kinetic energy of the candy bar = 205 * 4186 J = 1/2 m v2
Therefore, it’s velocity v = sqrt ( 2*205*4186/0.048) = 5.98e3 m/s = 5.98 km/s



2. Walker3 7.P.049. [549594] Show Details You push a 40 kg box across a floor where the coefficient of kinetic friction is µk = 0.55. The force you exert is horizontal. (a) How much power is needed to push the box at a speed of 0.70 m/s? [image: image2.png]


151 W (b) How much work do you do if you push the box for 44 s? [image: image3.png]


6.64 kJ 



[Answer]

(a) Power = Force dot_product velocity

Force = Friction force = N * µk = mg *µk= 40 * 9.81 * 0.55 N

Thus, power 

P = Force * speed * cos (angle between force and velocity) 

= 40*9.81*0.55*0.70 = 151 W

(b) W = P * Δt = 151 W * 44s = 6.64 kJ


3. Walker3 7.P.052. [549620] Show Details After a tornado, a 0.60 g straw was found embedded 2.7 cm into the trunk of a tree. If the average force exerted on the straw by the tree was 80 N, what was the speed of the straw when it hit the tree? [image: image4.png]


84.9 m/s



[Answer]

The force exerted on the straw to slow the straw to rest. 

The average acceleration of the straw is   a = F/m = 80/0.60e-3 = 1.33e5m/s2
The distance traveled the straw; S = vi2/2a = 2.7e-2m
vi = sqrt (2 * a * S) = sqrt ( 2 * 1.33e5 * 2.7e-2) = 84.9 m/s


4. Walker3 7.P.054. [549638] Show Details The water skier in Figure 7-16 is at an angle of 34° with respect to the center line of the boat, and is being pulled at a constant speed of 14 m/s.

[image: image5.png]



Figure 7-16

(a) If the tension in the tow rope is 94.0 N, how much work does the rope do on the skier in 10.0 s? [image: image6.png]


10.9 kJ (b) How much work does the resistive force of water do on the skier in the same time? [image: image7.png]


-10.9 kJ



[Answer]

(a) Work  W = F * ΔX * cos(angle) = 94.0 * (14.0*10.0) * cos (34°) = 10.9 kJ

(b) W = Δ K = 0 = Wrope + W​resist (  Wresist = -10.9 kJ



5. Walker3 7.P.058. [549613] Show Details The force shown in Figure 7-17 acts on an object that moves along the x axis.

[image: image8.png]() 4 22004




Figure 7-17

(a) How much work is done by the force as the object moves from x = 0 to x = 2.2 m? [image: image9.png]


1.08 J (b) How much work is done by the force as the object moves from x = 0.6 m to x = 4.0 m? [image: image10.png]


1.5 J (c) How much work is done by the force as the object moves from x = 2.0 m to x = 3.7 m?[image: image11.png]


0.626 J



[Answer]

Work = area underneath

(a) 1.08 J

(b) 1.5 J

(c) 0.626 J


6. Walker3 7.P.060. [549595] Show Details The motor of a ski boat produces a power of 36,600 W to maintain a constant speed of 15.0 m/s. To pull a water skier at the same constant speed, the motor must produce a power of 38000 W. What is the tension in the rope pulling the skier? [image: image12.png]


93.3 N



[Answer]

<variables referred here are all scalar: the magnitudes)

The extra power is to keep the skier in constant speed. 

W =  (Presist + Pextra) *Δ t =Δ K = 0 ( 

Presist= Fr * V * cos (angle) = - Pextra = -(38000-36600) = -1400W

Fr = 93.3 N

The skier is in constant velocity motion (  T - Fr = 0 ( T = 93.3 N 


7. Walker3 7.P.061. [549618] Show Details To make a batch of cookies you mix half a bag of chocolate chips into a bowl of cookie dough, exerting a 21.5 N force on the stirring spoon. Assume that your force is always in the direction of motion of the spoon. 

(a) What power is needed to move the spoon at a speed of 0.27 m/s? [image: image13.png]


5.81 W
(b) How much work do you do if you stir the mixture for 2.0 min? [image: image14.png]


0.697 kJ 


[Answer]

(a) P = F * V * cos(angle) = 21.5 * 0.27 * cos(0) = 5.81 W

(b) W = P *Δ t = 5.81 * 2*60 = 697 J = 0.697 kJ


8. Walker3 7.P.063. [549599] Show Details A catapult launcher on an aircraft carrier accelerates a jet from rest to 71.9 m/s. The work done by the catapult during the launch is 6.5 [image: image15.png]


 107 J.  (a) What is the mass of the jet? [image: image16.png]


25100 kg (b) If the jet is in contact with the catapult for 2.7 s, what is the power output of the catapult? [image: image17.png]


24.1 MW 


[Answer]

(a) W =Δ K = Kf = 1/2 m v2  ( m = 2*W/v2 = 25100kg

(b) P = W/Δt = 6.5e7 / 2.7 = 2.41e7 W = 24.1 Mw


9. Walker3 7.P.065. [549636] Show Details A 1440 kg car delivers a constant 46.3 hp to the drive wheels. We assume the car is traveling on a level road and that all frictional forces may be ignored. (a) What is the acceleration of this car when its speed is 14.9 m/s?[image: image18.png]


1.61 m/s2 (b) If the speed of the car is cut in half does its acceleration increase, decrease, or stay the same? [image: image19.png]


increases (c) Calculate the car's acceleration when its speed is 26.6 m/s. [image: image20.png]


0.902 m/s2 



[Answer]

(a) P = F * V *cos (angle) , when angle = 0, ( P = F * V ( F = P/V = m a 

( a = P/V/a = 46.3*746/14.9/1440 = 1.61m/s2
(b) increases, since a is inverse proportional to V

(c) a = 46.3*746/26.6/1440 = 0.902 m/s2


10. Walker3 7.P.068. [549633] Show Details Two springs, with force constants k1 and k2 are connected in series, as shown in Figure 7-21. How much work is required to stretch this system a distance x from the equilibrium position? 

[image: image21.png]



Figure 7-21

(Use k1 for k1, k2 for k2, and x as necessary.)  [image: image22.png]=]



[image: image23.png]


(k1 k2 x^2) / (2*(k1+k2))



[Answer]

Tension force in spring 1 and 2 is the same

     T = k1Δx1 = k2Δx2 

     x =Δx1+Δx2
Therefore 
     k1 x = (k1+k2 ) Δx2 (Δx2 = k1x/( k1+k2 )
     k2 x = (k1+k​2 ) Δx1 (Δx1 = k2x/( k1+k2 )
The change in potential energy (ignore the gravitational potential energy)

     ΔP= 1/2 k1Δx12 + 1/2 k2Δx22 = k1*k2 * x2 / 2(k1+k2)
The required the work is then 
     W =ΔP = k1*k2 * x2 / 2(k1+k2)


11. Walker3 7.P.070. [549622] Show Details A block rests on a horizontal, frictionless surface. A string is attached to the block, and is pulled with a force of 45.0 N at an angle [image: image24.png]


 above the horizontal, as shown in Figure 7-23. After the block is pulled through a distance of 1.50 m its speed is v = 2.60 m/s, and 45.0 J of work has been done on it.

[image: image25.png]



Figure 7-23

(a) What is the angle [image: image26.png]


? [image: image27.png]


48.2° (b) What is the mass of the block? [image: image28.png]


13.3 kg

[Answer]

(a) W = F * Δx * cos ([image: image29.png]


) = 45.0 * 1.50 * cos [image: image30.png]


 = 45.0J 

Thus, [image: image31.png]


 = arcos ( 45.0/45.0/1.50) = 48.2     
(b) W = ΔK=1/2mvf2 ( m = 2*W/vf2
(  m = 13.3 kg
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