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Transistor Switch

« Bipolar Junction Transistor (BJT) in common emitter mode
+20V

1 kQ %

* When Vi, =0V thetransistor switch is open (off) and V,,; = 20 V.
» AsV;, increases above 0.6 V then transistor turn on and current begins to flow, lowering Vyt
towards ground.

» Thebase of thetransistor will hold at 0.7V and whenV;, =09V, 1g=02mA andIc=Blg=

20 mA. The voltage drop to the collector would now be 20 V and the transistor will be fully on
and V,,;: =0.2V.

 With the exeception of the range from 0.6 V < V;,, < 0.8V, thiscircuit has only two output states.



| ndicator Light

» Current should be either on or off. Typically atransistor
switch, logic gate, or saturated op-amp will drive the LED.

. UseVCC =+5V, VLED =1.7V, ILED =10 mA.

Var—V
R= —=—LEP - 3300
lLED
 Driving circuit (Vi, >0, LED ison)
+5V
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MOSFET Switch

» Metal-Oxide-Semiconductor Field Effect Transistor
(MOSFET) is controlled either ON or OFF

Vin

Vcontrol AAAA | .

100 k€2

There is avoltage divider with Rpgand the 47 kQ resistor.

When the gate is ground or negative, Ryg> 10 Q, v, ; < 0.0001v;,
When the gateis+ 15V, Rpg =100 €, vy = 0.998 v;,.

» The MOSFET switch isbidirectional, like a mechanical switch
The gate is not fully functional if the signal isnear Vqgirol -



Sample and Hold

« Two x1 buffers can be combined with aMOSFET switch to
create a circuit that selects voltages at specific times.

= = V, iy V.
Vin C n out
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When v, =-15V, the MOSFET is non-conducting and v, = Vc.
When v, = +15V, the MOSFET is conducting and v+ = Vi, The capacitor chargesto v,
« The output current |, of the first amplifier will charge the capacitor.
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» Thebias current 15 of the second amplifier will drain the capacitor.
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» The control signal to the circuit v, isthe trigger.



Compar ator

A comparator returns one of two values based on whether the
input is greater or less than areference value.

» Analog comparator

Vin

Vout

Vref P

Thelogic states are Vot = Ve if Vin > Viefs Vout = VEg If Vi < Vier
» Low-battery indicator

Vbb Vcc
R3 R2 f\j

+ VOUt

Vipp iSthe value to be tested, V¢ supplies power to the tester.



Schmitt Trigger

The Schmitt trigger is acircuit with binary output that has
thresholds at two different voltages depending on the present
state of the output.

» This combines analog elements with digital logic.
« Circuit diagram

+ Vout

The non-inverting input of the op-amp has a threshold which solely based on the three resistors and
Vier aNd Vit

Vih = Viet—12Ry = Vo —igRg = 1Ry = (i, +13)Ry
V Vv
Vth(i+i+iz) _ _ref  Tout
R, R, Ry R, Ry

For equal resistorsand 5V supply, vi;=1.67 V or 3.33V for vy =0V or 5V respectively.



Hysteresis

The circuit has one threshold when approaching from alow
voltage state and a different one when approaching from a high
voltage state. The effect of having different thresholds for
different directionsis called hysteresis.

« Schmitt trigger timing

5V

» Hysteresiscurve




Monostable

Vout

The monostable

multivibrator (one-shot) isa

device with two output states

that has one stabl e state and another of fixed duration.

Here the negative feedback capacitor is shorted by a diode,
V<0.6 V. WhenV,, islow the capacitor will discharge, but

when Vg, is high the capactitor will only chargeto 0.6 V.

V_ R
out™1 _ —t/RC
L Rllj. R, = Vout* Vp—Vou€
= o L2 5
VoutRZ

During the recovery (“dead time”) period asthe 15V,
capacitor is charging towards 0.6 VV anew trigger - - H — H _______ Vin
would need to be sufficiently negative to permit .

refiring. With the resistor divider, thisis not
generally possible and no trigger is accepted

during this period.




| nverter One-Shot

* Theinput pulseisaltered by the high-passfilter.

Vi n I I Vout
C

R

The falling edge of the input pulse has no effect, but the rising edge produces a pulse into the
Inverter that crosses the threshold for a time proportional to RC.

5V

- !_ - — - - == Vin
25V \
! _V < B
5V |
!_ ______ JJ _____ Vout
1., ~t/RC
5Vo = Vo

t = RClog2 = 0.693RC



Astable Multivibrator

L et the output of a monostable multivibrator feed back to
retrigger another one-shot cycle.

 Doubleinverter oscillator

<
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MV
When V; = +5, V¢ is charged towards ground from V..
Astheinput V; drops below the logic threshold, V, = +5 and V; = 0.
When V,: = 0, V¢ is charged towards +5 from V.

The system oscillates between the two states.
R, = 10R,

1

fo ==

R,C
» Thisformsaclock that can oscillate at a defined frequency.



Digital to Analog

Op-Amp Summing Junction
The simplest DACs are derived from op-amps with different
amplification ratios for different bits.

o Scaed Resistor Set
Ry

D3—/\/\/\/\ R,

2R, — MAM—
D,— /MW <
4R, +
D — MW =
8R,

Do— /M-

For D=0 or 1, where 1 is set to V ¢, the output will be:

:VCCRZ(DS D2 D Do)

— 4+ =+ —=+ —
out Rl

v 1 2 4 8

For V=5V, R,=1kQ , and R{=1.25k2 the four indiviual resistors for the inputs would bel.25k,
2.5k, 5k and 10k€2. The nominal step between input values (LSB) is0.5V. The maximum Vg ; =
75V.



DAC Errors

« Dynamic rangeisinsufficient.

For alarge number of bits one needs a large range of resistors.
The amplifier must be able to drive the full range. For 16 bitsthisisarange of over 64000 from
the lowest to highest possible value.

 Nonmonotonic behavior

For instance, let the 4-bit example above have input resistors with 10% tolerance. Within tolerance
it ispossible that these resistors are actually 1.37k, 2.25k, 4.5k and 9k. For a digital input of 7, the
output voltage is 5V* 1kQ/(1/2.25kQ+1/4.5kQ+1/9kQ2) = 3.89 V. For adigital input of 8, the
output voltage is 5V* 1k€Q/1.37kCQ = 3.65 V, an output lower than the one for 7.

* Nonlinear behavior

Similar to nonmonotonic errors, but the errorsin the resistors are not large enough to cause one
output value to be lower than the preceding one. An example from above would be to replace the
1.37kQ resistor with a 1.25k<Q resistor. Inputs 6, 7 and 8 now give outputs of 3.33V, 3.89 V and
4.00 V respectively. The stepsof 0.56V and 0.11V are far from equal.

o Scaeerror

If in the 4-bit example the only error wasthat R, = 1.04 k2. The stepswould all be equal at 0.52 V.
Full scale would be 7.8 V instead of 7.5V.



R-2R Ladder

 Binary bits are converted to scaled currents.

Ry

WA

| | | + > Vou

= D3 D, Dy |Dp =
2R 2R 2R 2R

Vet ~ VWA

R R R 2R —

» The equivalent resistance between V4 and ground is R, regardless of the switches, since the op-
amp will hold the non-inverting input to ground as well.

« Half the current from V4 goestowards D3, 1/4 goes towards D,, 1/8 goes towards D4, and 1/16
goes towards D. The op-amp sums the input currents and multiplies them times Ry to get V.

« An analog switch would be needed to convert binary signals into switch controls.

* Note that only two resistor values are needed.



Current Switch I1C

» These chips use the R-2R ladder design directly with
transistors to make an analog current proportional to the binary

number input.

Ve

R R R

The op-amp will hold the non-inverting input to ground drawing acurrent from |, = V,/Ro. That
current flows into the collector of the transistor and the op-amp will hold the base such that |- =
l;ef. That meansthat Ve-V_=I,4R.

» Thevoltage at all the emitterswill be the same and the R-2R ladder will again cause each transistor
in line to draw half the current of the preceding one.



Analog to Diqital

A simple model of analog to digital converter requires a smooth
signal, sampled before digitization.

_ E_N ADC |— Dy

CLOCK

The above circuit shows the three basic parts:

1. Low passfilter

2. Sample-and-hold circuit

3. Digitizer

» The clock controls the sampling speed of the ADC.




Sampling Errors

Once a clock establishes a sampling time T there are errors that
can occur in the digitization. The two possibilities are:

1. The sampling time istoo slow.

The changesin analog valueswill be missed inthe digital values. Ideally every changein the input
signal that is at the level of the L SB should be captured by the digital output. For slowly changing
signals maximum slope ( sin V/s) sets the needed sampling time.

Viss
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T

2. The sampling time istoo fast.

If the sampling timeis fast compared to noise on the input signal, and the noise is of a magnitude
greater than the LSB it will be preserved and possibly enhanced by the digitization process. Too
avoid senistivity to noise ( with frequency fy), it needs to be filtered, or set the sampling timeto a
larger value.

T>—



Nyquist Sampling

* Nyquist theorem:
For proper sampling opya < /T (or T < 1/2f50)-

So, if the minimum time for asignal to change ist,i,,, the sampling time must be less than half.

» Thereisstill the problem of high frequency noise.

The noise will be picked up in the frequency spectrum as the noise frequency is shifted by 2rn/T
by the sampling process.

The solution isto filter all frequencies above 1/2T to insure the Nyquist condition is met.
Use RC=T in alow passfilter.

 Thesampled digital signal d(t) of areal signal v(t) can be expressed as the sum of discrete values at

(o] (o]

thetimeof thesample. (=" ¥ v(OBst-nT) =v(n Y E B2mint/T
n=-—oo n=—o
» The Fourier transform of the sampled signal, h(oo) IS
B 2ant/T —'wt 21N 1 jO)t
h(w) = = j v(t)[ Ce ] T Z ( ) where g() = jv(t)e

N =—c —00

 Theinitial analog signal is preserved in the dlgltal sa\mpl e, but repeated with a shift every 2n/T. If
there is no overlap in the repeating g(w), then afilter can select just that part of the frequency
spectrum. Thisistrueif o <n/T.



Flash ADC

» Theparallel encoder is an example of aflash ADC.

The name comes from the very fast conversion from analog to
digital.

» The 3-bit example shown has no clock and converts
as soon as the V;,, changes, limited by the speed of
the comparators and priority encoder (74F148).
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* Ingenera aflash ADC would have a clock
controlling an output enable to alatch, so that the
digital values would only change at set times.

» Fash ADCsrequire one comparator for each value.
An 8-bit ADC would require 256 separate
comparators with separate voltage settings.
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Half-flash ADC

At the cost of some speed a half-flash ADC can be constructed
from two smaller flash ADCs.

4—bié
AD
Vie™ 8-bit
latch j
4-bit
DAC analog| | 4-bit
A-B ADC
> A
clock |

1. Theinput voltage is digitized by a coarse ADC filling bits 4-7.

2. The output is converted back to an analog value.

3. The converted value is subtracted from the original voltage forming an analog remainder.

4. The remainder is digitized by afine ADC filling bits 0-3.

5. An external clock controls the latch insuring all steps are completed before the output is updated.



Successive Approx.

The basic units of a successive approximation ADC are:

1. Comparator - Compares the input analog value to the current
approximation.

2. Succesive Approximation Register (SAR) - The SAR startswith 1 in the MSB and O for all other

bits. With each clock input the SAR resets the current bit if the comparator isHIGH and movesto
the next bit down by setting it.

3. DAC - Converts the bit pattern from the SAR into an analog value for the comparator.
4. Latch - Stores the bit pattern when the LSB is complete.

5. Control Logic - Counts n clock pulses to the SAR then sends DONE to the latch.

gbit | Ve ™ g-pit
Vi SAR DAC .
T latch g

stat ——»| control
done «— logic

i

clock




Successive Approximation ADC Example
For an 8 bit ADC set V4 10 5.12 V so the LSB is set to 20 mV.

Clock SAR DAC

START 10000000 2.56 V
CLK 1 11000000 3.84V
CLK 2 10100000 3.20V
CLK 3 10010000 2.88V
CLK 4 10011000 3.04V
CLK 5 10010100 2.96 V
CLK 6 10010110 3.00V
CLK 7 10010111 3.02V
DONE 10010110 3.00V

The process takes 8 clock cyclesto get aresult. For al MHz clock thiswould result in a
digitization time of 8 us. Thiswould require a DAC that could convert in lessthan 1 us.



Counter ADC

« A simplecircuit that uses aclock, acounter, a DAC and a
comparator to match to an input analog signal.

1. Anexterna start signal resets the counter and operates the sample-and-hold circuit.
2. The output of the counter is converted into an analog value by a DAC.
3. When the DA C output matches the input voltage, the clock is stopped and the digital value is read

out.

Vin — W Sample
c R hold
= D
Start * | Fout
CLK —] P~
counter DAC —

 Thecircuit isonly asfast asthetime it takes for the counter to reach full scale: 2"T...

« Theoutput will be as precise asthe DAC that is used by the comparator.
e The DAC must be faster than the clock.



|ntegrating ADC

1. Convert avoltage into a current.

2. Use the current to charge a capacitor yielding atime
proportional to the input voltage.

3. Measure the time with adigital counter operated at afixed clock frequency.

clock counter

Start

(V) Vie . Dlatch

— digital output

r—_ - — — — — 4

||% '

» The time can be measured as the capacitor charges, discharges or both.



Single Slope

» Single slope integration relies on the stability of the capacitor
and comparator to get an accurate reading.

r(?l

S
Vee —D 707> counter
stat & — ( .

<) R
Vig B clock
+ D-latch
Sl T

— = —— done digital output

1. A start pulse clocks a D-flip-flop causing it to go HIGH and allowing the clock to increment a
counter.

2. The Q output of the flip-flop turns off an FET and the capacitor begins alinear ramp for t = CV/I.

3. At that time the comparator goes HIGH and resets the flip-flop, latching the counter output and
signalling the end of the digitization.

4. Thereset also clears the counter and discharges the capacitor through the FET.



Dual Slope

« One solution to the strict requirements on a single slope-
integrator is to use the capacitor for both the reference and
signal integration so that the effects of the capacitor cancel on the
two measurements. Thisis called charge-balancing.

» Charge balancing also eliminates external noise by integrating over alonger time and letting any

noise be averaged out.

| = const =g

| t=t | ATaV,, |time™

» Dual slopeintegration charges the capacitor for afixed time from a current source set by the input
voltage; Viax = lint/C.

» The same capacitor isdischarged with aconstant current sink that is measured with acounter; AT =
VinaxCllo.

» The measured timeisthen AT = I;,t/l.
 If thesame clock is used for both slopes, it also is cancelled out.



	Pulse Measurement
	Transistor Switch
	. Bipolar Junction Transistor (BJT) in common emitter mode
	. When Vin = 0 V the transistor switch is open (off) and Vout = 20 V.
	. As Vin increases above 0.6 V then transistor turn on and current begins to flow, lowering Vout towards ground.
	. The base of the transistor will hold at 0.7 V and when Vin = 0.9 V, IB = 0.2 mA and IC = bIB = 20 mA. The voltage drop to the collector would now be 20 V and the transistor will be fully on and Vout = 0.2 V.
	. With the exeception of the range from 0.6 V < Vin < 0.8 V, this circuit has only two output states.

	Indicator Light
	. Current should be either on or off. Typically a transistor switch, logic gate, or saturated op-amp will drive the LED.
	. Use VCC = +5 V, VLED = 1.7 V, ILED = 10 mA.
	. Driving circuit (Vin > 0, LED is on)

	MOSFET Switch
	. Metal-Oxide-Semiconductor Field Effect Transistor (MOSFET) is controlled either ON or OFF
	There is a voltage divider with RDS and the 47 kW resistor.
	When the gate is ground or negative, RDS > 1010 W, vout < 0.0001vin.
	When the gate is + 15 V, RDS = 100 W, vout = 0.998 vin.
	. The MOSFET switch is bidirectional, like a mechanical switch
	The gate is not fully functional if the signal is near Vcontrol.

	Sample and Hold
	. Two x1 buffers can be combined with a MOSFET switch to create a circuit that selects voltages at specific times.
	When vtr = -15 V, the MOSFET is non-conducting and vout = vC.
	When vtr = +15 V, the MOSFET is conducting and vout = vin. The capacitor charges to vin.
	. The output current Iout of the first amplifier will charge the capacitor.
	. The bias current IB of the second amplifier will drain the capacitor.
	. The control signal to the circuit vtr is the trigger.

	Comparator
	A comparator returns one of two values based on whether the input is greater or less than a reference value.
	. Analog comparator
	The logic states are vout = VCC if vin > Vref; vout = VEE if vin < Vref.
	. Low-battery indicator
	Vbb is the value to be tested, VCC supplies power to the tester.

	Schmitt Trigger
	The Schmitt trigger is a circuit with binary output that has thresholds at two different voltages depending on the present state of the output.
	. This combines analog elements with digital logic.
	. Circuit diagram
	The non-inverting input of the op-amp has a threshold which solely based on the three resistors and Vref and vout.
	For equal resistors and 5 V supply, vth=1.67 V or 3.33 V for vout = 0 V or 5 V respectively.

	Hysteresis
	The circuit has one threshold when approaching from a low voltage state and a different one when approaching from a high voltage state. The effect of having different thresholds for different directions is called hysteresis.
	. Schmitt trigger timing
	. Hysteresis curve

	Monostable
	During the recovery (“dead time”) period as the capacitor is charging towards 0.6 V a new trigger would need to be sufficiently ...

	Inverter One-Shot
	. The input pulse is altered by the high-pass filter.
	The falling edge of the input pulse has no effect, but the rising edge produces a pulse into the inverter that crosses the threshold for a time proportional to RC.

	Astable Multivibrator
	. Let the output of a monostable multivibrator feed back to retrigger another one-shot cycle.
	. Double inverter oscillator
	When Vout = +5, VC is charged towards ground from V2.
	As the input V1 drops below the logic threshold, V2 = +5 and Vout = 0.
	When Vout = 0, VC is charged towards +5 from V2.
	The system oscillates between the two states.
	. This forms a clock that can oscillate at a defined frequency.

	Digital to Analog
	Op-Amp Summing Junction
	The simplest DACs are derived from op-amps with different amplification ratios for different bits.
	. Scaled Resistor Set
	For Dn=0 or 1, where 1 is set to VCC, the output will be:
	For VCC=5V, R2=1kW , and R1=1.25kW the four indiviual resistors for the inputs would be1.25k, 2.5k, 5k and 10kW. The nominal step between input values (LSB) is 0.5 V. The maximum Vout = 7.5 V.


	DAC Errors
	. Dynamic range is insufficient.
	For a large number of bits one needs a large range of resistors. The amplifier must be able to drive the full range. For 16 bits this is a range of over 64000 from the lowest to highest possible value.
	. Nonmonotonic behavior
	For instance, let the 4-bit example above have input resistors with 10% tolerance. Within tolerance it is possible that these re...
	. Nonlinear behavior
	Similar to nonmonotonic errors, but the errors in the resistors are not large enough to cause one output value to be lower than ...
	. Scale error
	If in the 4-bit example the only error was that R2 = 1.04 kW. The steps would all be equal at 0.52 V. Full scale would be 7.8 V instead of 7.5V.

	R-2R Ladder
	. Binary bits are converted to scaled currents.
	. The equivalent resistance between Vref and ground is R, regardless of the switches, since the op- amp will hold the non-inverting input to ground as well.
	. Half the current from Vref goes towards D3, 1/4 goes towards D2, 1/8 goes towards D1, and 1/16 goes towards D0. The op-amp sums the input currents and multiplies them times Rf to get Vout.
	. An analog switch would be needed to convert binary signals into switch controls.
	. Note that only two resistor values are needed.

	Current Switch IC
	. These chips use the R-2R ladder design directly with transistors to make an analog current proportional to the binary number input.
	The op-amp will hold the non-inverting input to ground drawing a current from Iref = Vref/R0. That current flows into the collector of the transistor and the op-amp will hold the base such that IC = Iref. That means that VE-V-=IrefR.
	. The voltage at all the emitters will be the same and the R-2R ladder will again cause each transistor in line to draw half the current of the preceding one.

	Analog to Digital
	1. Low pass filter
	2. Sample-and-hold circuit
	3. Digitizer
	. The clock controls the sampling speed of the ADC.

	Sampling Errors
	1. The sampling time is too slow.
	The changes in analog values will be missed in the digital values. Ideally every change in the input signal that is at the level...
	2. The sampling time is too fast.

	If the sampling time is fast compared to noise on the input signal, and the noise is of a magnitude greater than the LSB it will...

	Nyquist Sampling
	. Nyquist theorem:
	For proper sampling wmax < p/T (or T < 1/2fmax).
	So, if the minimum time for a signal to change is tmin, the sampling time must be less than half.
	. There is still the problem of high frequency noise.
	The noise will be picked up in the frequency spectrum as the noise frequency is shifted by 2pn/T by the sampling process.
	The solution is to filter all frequencies above 1/2T to insure the Nyquist condition is met.
	Use RC=T in a low pass filter.
	. The sampled digital signal d(t) of a real signal v(t) can be expressed as the sum of discrete values at the time of the sample.
	. The Fourier transform of the sampled signal, h(w), is: , where .
	. The initial analog signal is preserved in the digital sample, but repeated with a shift every 2p/T. If there is no overlap in the repeating g(w), then a filter can select just that part of the frequency spectrum. This is true if .

	Flash ADC
	. The parallel encoder is an example of a flash ADC.
	The name comes from the very fast conversion from analog to digital.
	. The 3-bit example shown has no clock and converts as soon as the Vin changes, limited by the speed of the comparators and priority encoder (74F148).
	. In general a flash ADC would have a clock controlling an output enable to a latch, so that the digital values would only change at set times.
	. Flash ADCs require one comparator for each value. An 8-bit ADC would require 256 separate comparators with separate voltage settings.

	Half-flash ADC
	. At the cost of some speed a half-flash ADC can be constructed from two smaller flash ADCs.
	1. The input voltage is digitized by a coarse ADC filling bits 4-7.
	2. The output is converted back to an analog value.
	3. The converted value is subtracted from the original voltage forming an analog remainder.
	4. The remainder is digitized by a fine ADC filling bits 0-3.
	5. An external clock controls the latch insuring all steps are completed before the output is updated.


	Successive Approx.
	The basic units of a successive approximation ADC are:
	1. Comparator - Compares the input analog value to the current approximation.
	2. Succesive Approximation Register (SAR) - The SAR starts with 1 in the MSB and 0 for all other bits. With each clock input the SAR resets the current bit if the comparator is HIGH and moves to the next bit down by setting it.
	3. DAC - Converts the bit pattern from the SAR into an analog value for the comparator.
	4. Latch - Stores the bit pattern when the LSB is complete.
	5. Control Logic - Counts n clock pulses to the SAR then sends DONE to the latch.

	Successive Approximation ADC Example
	For an 8 bit ADC set Vref to 5.12 V so the LSB is set to 20 mV.
	The process takes 8 clock cycles to get a result. For a 1 MHz clock this would result in a digitization time of 8 ms. This would require a DAC that could convert in less than 1 ms.

	Counter ADC
	. A simple circuit that uses a clock, a counter, a DAC and a comparator to match to an input analog signal.
	1. An external start signal resets the counter and operates the sample-and-hold circuit.
	2. The output of the counter is converted into an analog value by a DAC.
	3. When the DAC output matches the input voltage, the clock is stopped and the digital value is read out.

	. The circuit is only as fast as the time it takes for the counter to reach full scale: 2nTc.
	. The output will be as precise as the DAC that is used by the comparator.
	. The DAC must be faster than the clock.

	Integrating ADC
	1. Convert a voltage into a current.
	2. Use the current to charge a capacitor yielding a time proportional to the input voltage.
	3. Measure the time with a digital counter operated at a fixed clock frequency.
	. The time can be measured as the capacitor charges, discharges or both.

	Single Slope
	. Single slope integration relies on the stability of the capacitor and comparator to get an accurate reading.
	1. A start pulse clocks a D-flip-flop causing it to go HIGH and allowing the clock to increment a counter.
	2. The Q output of the flip-flop turns off an FET and the capacitor begins a linear ramp for t = CV/I.
	3. At that time the comparator goes HIGH and resets the flip-flop, latching the counter output and signalling the end of the digitization.
	4. The reset also clears the counter and discharges the capacitor through the FET.


	Dual Slope
	. One solution to the strict requirements on a single slope- integrator is to use the capacitor for both the reference and signal integration so that the effects of the capacitor cancel on the two measurements. This is called charge-balancing.
	. Charge balancing also eliminates external noise by integrating over a longer time and letting any noise be averaged out.
	. Dual slope integration charges the capacitor for a fixed time from a current source set by the input voltage; Vmax = Iint/C.
	. The same capacitor is discharged with a constant current sink that is measured with a counter; DT = VmaxC/I0.
	. The measured time is then DT = Iint/I0.
	. If the same clock is used for both slopes, it also is cancelled out.


