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Question T2-A

An operational amplifier, or an op-amp, is an electrical circuit component commonly used
to amplify a weak electrical signal. Answer the following questions about an op-amp and

its circuits.

Ry 5w

V ‘ +
Voue " F
; .

Vout

0

o : : J_ -0

Figure T2-A.1 (Left: Illustrated with old JIS symbols, Right: Illustrated with new JIS
symbols)

(1) The circuit with an op-amp shown in Figure T2-A.1 is called an inverting amplifier.
The amplification rate of this circuit (4 = V,,,; / V;5,) can be concisely explained with
a unique characteristic of a circuit using an op-amp, called “virtual short.” Explain
what the virtual short means in an op-amp within two lines.

(2) The amplification rate A of the circuit shown in Figure T2-A.1 is a function of the
resistance values of two resistors, R; and R,. Derive the amplification rate A of the
circuit shown in Figure T2-A.1.

(3) Because the amplification rate A is determined as the resistance values of two
resistors, a designer may think of various combinations of resistors to achieve a target

amplification rate.

(a) It is not generally desirable to use resistors with very low resistance values to
achieve a target amplification rate. Explain two reasons in about three lines in total.

(b) On the other hand, it is not generally desirable either to use resistors with very high
resistance values. Explain two reasons in about three lines in total.

[Continue to the next page.]



Bea

Vin . Vour Vin Voue

o+
o—

O ]

0

I}
I

Figure T2-A.2 (Left: Illustrated with old JIS symbols, Right: Illustrated with new-JIS
symbols)

(4) The circuit shown in Figure T2-A.2 is called a voltage follower, which demonstrates
the amplification rate of 1. Describe a situation where this voltage follower is
considered to be useful even though it does not amplify a signal. Write your answer
in about three lines.

(5) Some sensors may have an output in cutrent. However, an output in voltage can be
more desirable than in current. Draw a diagram of a circuit using an op-amp that
converts the value of the input current (I;;,) to another value of the output voltage

(Vout)- You may use either of old and new JIS symbols. And describe the amplification .
rate of that circuit (V, ¢ / ).
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Question T2-B

Answer the questions about the dimensionless numbers of fluid dynamics below. When
explaining with variables, use the followings.

T: time, L: representative length, U: representative velocity, p: viscosity coefficient, v:
kinematic viscosity coefficient, p: density, g: gravitational acceleration.

(1) Answer the following questions about the Reynolds number.

(a) Consider the similarity law in the flow field of the same fluid. A ratio of inertial
force to viscous force called the Reynolds number is used. Show the Reynolds
number using the above variables.

(b) Speed of a ball shot by a soccer player was 80km/h. The diameter of the ball was
22cm. The air density, viscosity coefficient and kinematic viscosity coefficient
are assumed to be 1.2kg/m3, 1.8x10-5Pa * s, 1.5%10-5m2/s, respectively. When
viscous force is dominant, calculate this Reynolds number.

(2) Answer the following questions about the Froude number. The gravitational

acceleration is 9.81m/s*. The square root of 9.81 may be 3.13.

(a) Consider waves when a ship or boat go through the water surface. The influence
of the viscosity of the fluid is small, and as the navigation progresses, the
turbulent water surface is becoming level. What kind of forces are considered to
be mainly dominant?

(b) Show the Froude number using the above variables.

(c) A 100m long ship sails at ship speed 50km/h. Find this Froude number.

(d) Experiments using real machines need large-scale facilities. Therefore, a model
geometrically similar to the prototype shape is made to estimate the actual flow.
Calculate the model ship speed when a model experiment with a size ratio of
1/400 is performed in (c).
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Question T2-C

Answer the following questions about train services. The time taken for people to get on
and off can be ignored in (1) -(3). Trains that stop at all the stations are called local
trains, and trains that stop at only some stations are called express trains.

(1) Trains operate at regular intervals and arrive at a station every 10 minutes. Calculate
average minutes to wait before a train arrives, supposing you arrive at a station

without knowing the time schedule of trains.

(2) If trains arrival intervals are independent of each other and follow an exponential
distribution averaging 10 minutes. Calculate average minutes to wait before a train

arrives, supposing you arrive at a station without knowing the time schedule of trains.

(3) Consider the case where express trains and local trains operate alternately. Each local
trains departs after 8 minutes from departure of express trains and each express trains
departs after 12 minutes from departure of local trains. You should get on a train
whichever leaves first. Calculate avefage minutes to wait before a train arrives,

supposing you arrive at a station without knowing the time schedule of trains.
(4) In the actual operation of trains, time interval adjustment is performed. Explain the
relationship between each train operation and how the time adjustment is made in

such case within three lines.

(5) When operation is disturbed, there are cases where some express trains are changed
to local trains. Explain the benefit of taking this measure within three lines.
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