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1 Impulse Response

The impulse response of a time-discrete system is g[n] = an · θ[n] with |a| < 1.

a) The step response h[n] of a discrete system is connected to the impulse re-
sponse g[n] by h[n] =

∑n
ν=−∞ g[ν] (compare to time-continuous signals: h(t) =∫ t

−∞ g(τ) dτ).

Determine the step response h[n] and plot it for the case a = 0.8 schematically.

b) If the impulse response is known for a system, then the response for any arbitrary
input signal can be determined by the convolution sum:

y[n] =
∞∑

ν=−∞
x[ν] g[n− ν] =

∞∑
ν=−∞

g[ν] x[n− ν].

Determine the system response for x[n] = 1
2
θ[n] cos(nωT ).

c) Sinosoidal or complex exponential sequences play an important role for time-
discrete signals, since they are eigen functions of linear time-invariant systems.

The transfer function G(jω) of the system for a complex expontential input
sequence x[n] = exp(jωnT ) follows from the convolution theorem as:

y[n] =
∞∑

ν=−∞
g[ν] ejω(n−ν)T = ejωnT

∞∑
ν=−∞

g[ν] e−jωνT = ejωnTG(jω),

In this case it follows y[n] = G(jω) x[n].

Determine for the given impulse response the transfer function and plot schema-
tically |G(jω)|.



2 Tail Cancellation

The signals that are digitized in the ALICE TRD show tails that can be described as
the sum of two exponentials:

S(t) = S0 ·
(
αλt−t0 − (1− α)λt−t0s

)
Θ(t− t0)

The expontials are described by the bases λ = e−1/τ for the longer component, which
has a relative weight of α and λs = e−1/τs for the shorter tail. Time is measured in
units of the ADC period length of 100 ns.
To reduce correlations between subsequent samplings, the effect of the longer tail should
be compensated using a recursive digital filter. Based on the history of the data, the
expected tail E(t) is calculated and subtracted from the input signal I(t):

O(t) = I(t)− E(t)

The expected tail at time t depends on the tail at time t− 1 and the newly deposited
signal at time t weighted with α:

E(t)− λ (E(t− 1) + αO(t− 1))

(1) Determine the coefficients an, bn of the recursive filter that performs this tail
cancellation.

(2) Draw the block diagram of the filter.

(3) Calculate the transfer function.


