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Part A: Springs and Stiffness

1. Spring A has k = 200 N/m. Spring B has k = 800 N/m.
a. Which spring is stiffer? Which one takes more force to stretch 0.10 m?

b. Spring A is stretched 0.10 m, then 0.20 m. By what factor does the force change? By what
factor does the stored energy change? Explain.

c. Does squeezing spring A 0.10 m store more, less, or the same energy as stretching it 0.10 m?

a. Spring B is stiffer (bigger k), so it takes more force: F = kx = (800 N/m)(0.10 m) = 80. N for B
versus 20. N for A.
b. Force x2, energy x4. F = kx is proportional to x, but PEe = Yokx? is proportional to x%, and 22 = 4.

c. The same. x is measured from the relaxed length and is squared, so a 0.10 m squeeze and a 0.10
m stretch store the same energy.

Part B: Finding k from a Graph
Jamal hangs weights on a spring and measures the stretch. Use his data for problems 2 and 3.

2. Plot Jamal's data on the grid. Draw one straight trend line of best fit through the origin. Then find
the slope of your line and use it to state the spring constant k, with units.
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Graph: points lie close to a straight line through the origin (see graph).
Points on the line: (O m, 0 N) and (0.20 m, 16 N)
Slope: rise/run = (16 N — 0 N)/(0.20 m — 0 m) = 80. N/m
Answer: k = 80. N/m (about 78 to 82 N/m is fine)
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3. Shade the area under your line from x = 0 to x = 0.20 m. Calculate this area, with units. Then
check it using PEe = kx?. What does the area represent?

Area of triangle: Y2 x base x height = %2(0.20 m)(16 N) = 1.6 J (N-m =)
Check: PE_ = 2(80. N/m)(0.20 m)* = %2(80. N/m)(0.040 m?) = 1.6 }
The area is the work done to stretch the spring 0.20 m, which is stored as elastic potential energy.

Part C: Calculations
Show knowns, equation, substitution with units, and answer.

4. A car's suspension spring has kK = 30,000 N/m. When a 1,500 N load is placed on it, how far does
the spring compress? How much elastic potential energy does it store?

Knowns: kK = 30,000 N/m, F = 1,500 N

Compression: F = kx, so x = F/k = 1,500 N / 30,000 N/m = 0.050 m (5.0 cm)
Energy: PE_ = Yskx? = %(30,000 N/m)(0.050 m)? = 37.5]
Answer: PEe = 38

5. Priya draws back an archery bow as shown. Treat the bow like a spring.

/\ k = 500. N/m

<+
X =0.40m

a. How much force does she need to hold the string back?

b. How much elastic potential energy is stored in the bow?

Knowns: k = 500. N/m, x = 0.40 m

a. F = kx = (500. N/m)(0.40 m) = 200 N

b. PE_ = Y2kx® = ¥2(500. N/m)(0.40 m)? = %2(500. N/m)(0.16 m?) = 40. )

6. A pinball launcher spring has k = 1,600 N/m. How far must it be pulled back to store 8.0 J?
Knowns: k = 1,600 N/m, PEe =80), x=7
Rearrange: x = \/(2PEe/k)
Substitute: x = V(2 x 8.0 /1,600 N/m) = v(0.010 m2)
Answer: x = 0.10 m

7. An exercise resistance band stores 50. ] when it is stretched 0.50 m. What is its spring constant?
Knowns: PEe =50.),x=050m, k=7
Rearrange: k = 2PEe/x2
Substitute: k = 2(50.J) / (0.50 m)? = 100 J / 0.25 m?
Answer: k = 400 N/m
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