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FIG. 1:

1. An environmental physicist working in the Arctic pulls her supplies up a steep
(30° above the horizontal) snow-covered slope. The rope she pulls with is at an
angle 30° above the angle of the slope, see Fig. 1. The coefficient of kinetic friction
between the supplies and the slope is 0.20. She maintains a constant velocity up

the hill.
(a) Draw a force identification diagram for her supplies. /3



(b) Draw a free body diagram for her supplics. (Hint: choose your azes parallel
to the slope). /6

(¢) From your free body diagram write Newton’s 2nd law in component form. /4

(d) If the mass of her supplies is 50 kg, solve your equations to find the normal
force on the supplies. (Hint: you will need to eliminate the tension and express fi
in terms of the normal force). /3

(e) Find the magnitude of the kinetic force of friction on the supplies. /2

(f) Solve your equations to find the tension in the rope. /2




Problem Solving Framework

PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 16, 010123 (2020)

Template for teaching and assessment of problem solving in introductory physics
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Reference: Template for teaching and assessment of problem solving in introductory physics
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1. Framing

Visual representation: Draw a free body diagram to illustrate all the forces at play.

Assumptions and simplifications: Only consider this motion in only 1D.

Relevant concept: Newton’s second law, friction, dynamic equilibrium (constant velocity)

Information needed: x and y components of each force, normal force, kinetic friction force,
Tension in the rope

Similar problems: Any problem that involves free body diagrams, equilibrium and friction




e Rough estimate: Since the scientist 1s going at a constant velocity we can
already expect the sum of forces in x and y to be equal to zero. Visualize the
free body diagram.

e Solution plan: Draw the FBD and find the components of each vector, then find
the Sum of forces 1n x and y using Newton’s second law



ala
(a) Draw a force identification diagram for her supplies.




(b) Draw a free body diagram for her supplies. (Hint: choose your azes parallel
to the slope). /6
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(c) From your free body diagram erte Newton s 2nd laW in'confponent form. /4
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(d) If the mass of her supplies is 50 kg, solve your equations to find the normal
force on the supplies. (Hint: you will need to eliminate the tension and express fi
in terms of the normal force). ' /3
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(e) Find the magnitude of the kinetic force of frittion on the supplies. /2
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(f) Solve your equatl(?I;S\ to find the tension in the rope.
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4. Answer Checking

Compare to estimates: compare the calculation results to your rough estimates
see whether the sign matches.

Units: Think about what unit we use for each force in this problem and add
them in your final answer (if not already done).

Limits: N/A

Getting (UnStuck)? If you get stuck during an exam, move on to another
guestion and come back later to this one
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FIG. 1:

1. (a) A car of mass 2000 kg in uniform circular motion accelerates toward the
Cenhye  of the circle due to the force of _Statrc  friction between the
car’s tires and the road. (fill in the blanks) /2




(b) If the car moves at 80 km/h around a circle of radius 100 m, find the acceler-
ation of the car in SI units.

(b) If the car moves at 80 km/h around a circle of radius 100 m, find the acceler-
ation of the car in SI units.

(c) Draw a free body diagram in the zz plane (the plane shown on the right of
Fig. 1) to show the forces acting on the car in the directions perpendicular to the
car’s motion.

(d) Find the size of the frictional force that keeps the car in circular motion.

(e) Above what speed would the car’s frictional force be overcome as the car tries

to follow this curve?

?

(f) If the curve was banked toward the centre of the circle at an angle of 20° as
shown on the right of Fig. 2, draw a free body diagram for the forces acting on
the car in the directions perpendicular to the direction of motion as the car moves

around the circle at 80 km/h.

(g) Resolving your vectors, find the equations you would need to solve and solve
for the force of friction required to keep the car in circular motion at this speed with
the banked curve.



1. Framing

4. Answer Checking

3. Execution



1. Framing

Visual representation: Draw two FBDs to help you visualise the problem better.

Assumptions and simplifications: Only consider this motion in only 2D. That is the car does not
leave the surface of the track.

Relevant concept: Friction, Centripetal acceleration, Newton’s second Law

Information needed: Components of each force, acceleration, frictional force, max speed

Similar problems: Any problems involving centripetal acceleration, Friction, and FBDs




e Rough estimate: Illustrate the problem with two Free Body Diagrams
(top-down and from the back of the car) and write down the most forces you
can from the get go.

e Solution plan: Find the components of each vector and write down each
Newton’s second law equations (Keep 1n mind that F = (mv”2)/r for centripetal
acceleration)
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FIG. 1:

1. (a) A car of mass 2000 kg in uniform circular motion accelerates toward the
Cenyye  of the circle due to the force of _s}atic friction between the
car’s tires and the road. (fill in the blanks) /2




(b) If the car moves at 80 km/h around a circle of radius 100 m, find the acceler-
ation of the car in SI units. / 32

gokm . B h !e_g?__m - ..\_{- - (R;Z) Li 97"/.5
" BLe0s Tkm 4 /00 Cip)
:22 m/5 (’f') F

(177')



(¢c) Draw a free body diagram in the zz plane (the plane shown on the right of
Fig. 1) to show the forces acting on the car in the directions perpendicular to the
car’s motion. 2 2
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(d) Find the size of the frictional force that keeps the car in circular motion. ]
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(in Xm/h)
(e) Above what speed would the car’s frictional force be overcome as the car tries

to follow this curve? (/“s" 0‘&’)/‘k =0,4, My ? 0,02 ) /5
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4. Answer Checking

Compare to estimates: compare the calculation results to your rough estimates
see whether the sign matches.

Units: Think about what unit we use for each force in this problem and add
them in your final answer.

Limits: N/A

Getting (UnStuck)? If you get stuck during an exam, move on to another
guestion and come back later to this one




