
Problem 1 

The trajectory of the firecracker can be described by the two 'holy grail' kinematics equations: 

(1) 

and 

(2) 

From the problem statement, we are given that vo,x = v, vo,11 = 0, y0 = h, and a11 = -g. We can also define x0 = 0. 
Moreover, we know that a., = -a, since a negative acceleration is required for the firecracker to turn around and return to 
the initial x position. Making these substitutions, we obtain that 

and 

1 
x(t) = i,t - -at2 

2 

1 
y(t) = h - -gt2 

2 

(3) 

(4) 

Now, at the point at which the firecracker hits the ground, x = 0, and y = 0. From eq 3, we can solve for the time at 
which the firecracker hits the ground: 

2v 
t=­

a 
and plugging into eq 4 with y = 0, we obtain the answer: 

2v2 
h=-g 

a2 

1 

(5) 

(6) 



Problem 2 

We will make use of three key pieces of information that are given in the problem statement. Working in units of t~ and 
letting Vw be the speed of the river and Vs be the speed of the students 

• The students travel against stream (velocities subtract) and cover 2 km in an hour. Thus, 

km 
Vs - Vw = 2 hr 

• In the total time tiot, the bottle floats a distance of (5-2) = 3 km, going at stream speed. Thus, 

Vwttot = 3 km 

• and lastly we can write ttot in terms of the motion students. 

5 km 
ttot = 1 hr + --­

Vs +vw 

(1) 

(2) 

(3) 

where the 1 hr is from the the first leg of their motion, and the second term is after turning around to fetch the bottle. 

We can equate equations 2 and 3. Doing so (and rearranging) we get 

v! + 2vw = Vs(3 - Vw) 

plugging in equation 1 to eliminate v8 , and rearranging, we get 

this can be factored to give 

(2vw - 3)(vw + 2) = 0 

and only the first term gives a meaningful result since speeds are magnitudes, and magnitudes are positive. Thus, 

km 
Vw = 1.5 hr 

and for part b) 
just plug in the above answer to equation 1 to get 

km 
Vs= 3.5 hr 

1 

(4) 

(5) 

(6) 

(7) 

(8) 
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Problem 5 solution 
Fall 2019 Physics 7 A Lee 002 (Yildiz) Midterm I 

The passenger is moving in a circle of radius r = Ro + L sin 0 and therefore has centripetal acceleration ac = v2 / r. The 
only forces acting on mare tension (FT) and gravity (mg). We apply Newton's second law for the horizontal and vertical 
components. 

L Fx = FTsin0 = mac 

L FY = FTcos0 ~mg= O 

(1) 

(2) 

a) The second equation can be used to solve for tension (FT = mg/cos0). We can then obtain an expression for v by 
plugging in values for FT, ac and r. 

<r,K,g . v2 
_J ... _ : sin 0 = ;:r(­
cos 0 r 

v2 
gtan0 = Ro L . 0 + sm 

Iv= J(gtan0) (Ro+ Lsin0) I 
b) We have already obtained an expression for FT 

c) We use the relation between circumference, T and v, plug in expressions for v and r, and then solve for T. 

21rr r 
v = - ==> T = 21r-

T V 

T = 21r R-0 + Lsin8 
J(gtan8) (Ro+ Lsin0) 

T= 21r 

1 

Ro+ Lsin0 
gta.n(} 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 




